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SECTION 220500 - COMMON WORK RESULTS FOR PLUMBING 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section describes the common work requirements for the plumbing work included 
in Division 22 and applies to all sections of Division 22.   

B. Related Sections: 
1. Section 013150 “Coordination Drawings” for coordination drawing requirements. 

1.3 EQUIPMENT LIST 

A. Provide a spreadsheet list of all equipment provided with the drawing tag number or 
designation, name, manufacturer, model number, serial number and full electrical 
characteristics.   

B. This list shall be provided to the TAB agent, Commissioning Agent, BAS providers and 
to the Owner prior to beginning TAB work and as soon after all equipment is received 
on site.   

1.4 EQUIPMENT START-UP AND INITIAL OPERATION 

A. No equipment shall be operated, for testing or trial use, before full compliance with the 
equipment manufacturers' specifications and instructions for the lubrication, alignment, 
direction of rotation, balance, and other applicable considerations. 

B. Particular care shall be taken to see that all equipment is completely assembled, 
properly lubricated, and all grease and oil cases and reservoirs have been filled to the 
correct level with the recommended lubricants. 

C. It is the Contractor's responsibility to place each item of equipment, installed by him, in 
operating condition.  This responsibility includes all auxiliaries, piping, wiring, etc., the 
start up of each unit, and a check of its performance. 

1.5 PROTECTION 

A. Protect piping and equipment from moisture, construction debris and dust, and other 
foreign materials.   
1. Open ends on stored, completed and in-progress work, as well as overnight 

work-in-progress, shall be sealed.  



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 

COMMON WORK RESULTS FOR PLUMBING 220500 - 2 

2. Protective coverings shall only be removed immediately before installation or 
new work, and inspected to determine if additional wipe down is necessary. 

1.6 OPERATING AND MAINTENANCE INSTRUCTIONS 

A. Refer to Section 017900 "Demonstration and Training" 

B. Upon completion of all work and all tests, Contractor shall furnish the necessary skilled 
labor and helpers for operating the systems and equipment.   

C. Contractor shall instruct the Owner's representative fully in the operation, adjustment, 
and maintenance of all equipment furnished.   

1.7 SITE VISIT 

A. Prior to preparing the bid, it is recommended that the Contractor and subcontractors 
shall visit the site and familiarize themselves with all existing conditions, make all 
necessary investigations as to locations of utilities, and all other matters which can 
affect the work.   

B. No additional compensation will be made to the Contractor as a result of his failure to 
familiarize himself with the existing conditions under which the work must be 
performed. 

1.8 DRAWINGS 

A. The Contract Drawings are diagrammatic and indicate the general arrangement of 
systems and work included in the Contract.  Any offsets, rises, or transitions not shown 
on the drawings and required to provide a complete system shall be provided at no 
additional contract cost.  Do not scale the drawings.  Consult the Architectural and 
Structural drawings and details for exact location of structure and equipment; where 
same are not definitely located, obtain this information from the Architect. 

B. In the event of ambiguities within or between parts of the Contract Documents, the 
contractor shall 1) provide the better quality or greater quantity of work, or 2) comply 
with the more stringent requirement, either or both in accordance with the Architect's 
interpretation. 

1.9 SINGULAR NUMBER 

A. Where any device or part of equipment is herein referred to in the singular number 
(such as "valve"), such reference applies to as many such devices as are required to 
complete the installation as shown on the drawings. 
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1.10 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For plumbing systems and specialties to include in 
emergency, operation, and maintenance manuals. 

B. Plumbing Submittals/Shop Drawings 

C. Plumbing Warranties 

D. Water Quality Test Report 

E. Pressure Test Reports 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. For each specified product, provide from single manufacturer.  Do not mix and match 
various manufactures for a single product.  If various manufacturers are required for a 
single product, indicate reason and locations where each will be installed. 

B. All component parts of each items of equipment or device shall bear the manufacturers' 
name plate; giving name of manufacturer, description, size, type, serial or model 
number, electrical characteristics, etc., in order to facilitate the maintenance or 
replacement.  The name plate of a subcontractor or distributor will not be acceptable.  
Where Underwriters' Laboratories standards apply, material and equipment shall be 
approved by them and shall bear the UL Label. 

C. In specifying materials, three (3) general procedures are used.  The three (3) 
classifications are as follows: 
1. GROUP 1:  When a material or equipment is specified by brand name or other 

identifying information and three (3) or more brands are named it is considered 
that any one (1) of the brands so named will perform as desired, and the 
Contractor shall base his proposal on one (1) of the named brands.  The first 
brand named or identified basis of design shall be used as a standard.  The other 
brands named shall be equal to the specified brand in all respects.  If one (1) of 
the other brands named is used it shall be the Contractor's responsibility to verify 
proper clearances and fit of the substituted equipment. 

2. GROUP 2:  When the material or equipment is specified with the phrase "...or 
approved equal..." after a brand name and other identifying information, it is 
intended that the brand name is used for the purpose of establishing a minimum 
acceptable standard of quality and performance and Contractor may base his bid 
proposal on any item which is in all respects equal to that specified and presents 
essentially the same appearance.  It shall be the Contractor's responsibility to 
ensure proper fit and clearances of all substituted equipment. 

3. GROUP 3:  When material is specified as complying with the requirements of 
published "Standard Specification" of trade associations, American Society of 
Testing and Materials, government specifications, etc. the Contractor shall base 
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his proposal on any item which can be shown to comply in all respects to the 
referred "Standard Specification". 

D. It is distinctly understood:  (1) that the Architect will use his own judgment in 
determining whether or not any materials, equipment or methods offered in substitution 
are equal to those specified; (2) that the decision of the Architect on all such questions 
of equality is final; and (3) that all substitutions will be made at no increase in cost to 
the Owner. 

E. Upon receipt of written approval from Architect, Contractor may proceed with 
substitution providing Contractor assumes full responsibility for, and makes, at his own 
expense, any changes or adjustments in construction or connection with other work 
that may be required by the substitution of such materials, equipment or methods.  In 
the event of any adverse decisions by the Architect no claim of any sort shall be made 
or allowed against the Owner. 

F. All pipe and fittings shall be from a United States domestic manufacturer. 

2.2 FIRE-RATED PENETRATIONS 

A. Provide UL Listed fire penetration systems in openings in rated floors, walls, and other 
elements of construction.  Provide UL listed fire penetration systems at all new and 
existing pipe penetrations of new and existing rated construction within the area of 
work.  Coordinate work of this section with all other trades necessary for the proper 
installation of the fire rated penetration systems. 

B. Submit shop drawings showing each condition requiring penetration seals in dictating 
proposed UL systems materials, anchorage, methods of installation, and actual 
adjacent construction.  Submit a copy of UL illustration of each proposed system 
indicating manufacturer approved modifications.  Submit copies of manufacturer's 
specifications, recommendations, inspection requirements, installation instructions, and 
maintenance data for each type of material required.  Include letter indicating that each 
material complies with the requirements and is recommended for the applications 
shown. 

C. All fire penetration systems shall reference ASTM E814/UL 1479 - Fire Test of Through 
- Penetration Fire Stops. 

D. All systems shall be UL tested and listed in the UL Fire Resistance Directory. 

E. Submit copies of written guarantee agreeing to repair or replace joint sealers which fail 
in joint adhesion, cohesion, abrasion resistance, weather resistance, extrusion 
resistance, migration resistance, stain resistance, general durability or appear to 
deteriorate in any other manner not clearly specified by submitted manufacturer's data 
as an inherent quality of the material for the exposure indicated.  The guarantee period 
shall be one (1) year from date of substantial completion. 

F. 3M products have been specified as the penetration fire stop basis of design. Other 
manufacturer's systems are acceptable providing they meet the requirements set forth 
in this specification.  The fire rated penetration systems shall be the products of one 
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manufacturer to the maximum extent possible.  The products of more than one 
manufacturer shall not be used as a combined seal. 

G. Provide materials classified by UL to provide fire stopping equal to time rating, both "F" 
and "T" ratings, of construction being penetrated.  Provide asbestos free materials that 
comply with applicable codes and have been tested under positive pressure in 
accordance with UL 1479 or ASTM E814.  Systems shall be smoke and air tight. 

H. Deliver material undamaged in manufacturer's clearly labeled, unopened containers 
identified with brand, type, grade, and UL label where applicable.  Coordinate delivery 
with scheduled installation date to allow minimum storage time at site.  Store material 
in clean, dry ventilated location. Protect from soiling, abuse, and moisture.  Follow 
manufacturer's instruction. 

I. Verify existing conditions and substrates before starting work.  Correct unsatisfactory 
conditions before proceeding.  Proceed with installation only after penetrations of the 
substrate and supporting brackets have been installed. 

J. Furnish adequate ventilation if using solvent.  Furnish forced air ventilation during 
installation if required by manufacturer.  Keep flammable materials away from sparks 
or flame.  Provide masking and drop cloths to prevent contamination of adjacent 
surfaces by fire stopping resistance. 

K. Clean surfaces to be in contact with penetration seal materials, of dirt, grease, oil, 
loose, materials, rust, or other substances that may affect proper fitting, adhesion of 
the required fire resistance. 

L. Install penetration seal materials in accordance with printed instructions of the UL Fire 
Resistance Directory and in accordance with manufacturer's instructions.  Seal holes or 
voids made by penetrations to ensure an effective smoke barrier.  Where floor 
openings without penetrating items are more than four (4) inches in width and subject 
to traffic or loading, install fire stopping materials capable of supporting same loading 
as floor.  Protect materials from damages on surfaces subject to traffic. 

M. Clean up spills of liquid components.  Neatly cut and trim materials as required.  
Remove equipment, materials, and debris, leaving area in undamaged, clean 
condition. 

N. Examine penetration sealed areas to ensure proper installation before concealing or 
enclosing areas.  Keep areas of work accessible until inspection by applicable code 
authorities.  Perform under this section patching and repairing of fire stopping caused 
by cutting or penetration by local inspectors and other trades. 

PART 3 - EXECUTION 

3.1 WORKMANSHIP 

A. The quality of workmanship required, for each trade, in the execution of work shall be 
the finest and highest obtainable in that trade working with the materials specified.  
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Workmanship shall be satisfactory to the Architect and his decision as to acceptable 
quality is final. 

B. Workmanship proven to be of poor quality or unsatisfactory in the commissioning 
phase of the project as deemed by the Architect shall be removed and replaced to the 
satisfaction of the Architect. 

3.2 EQUIPMENT CONNECTIONS 

A. All equipment shall be installed and connected in accordance with the best engineering 
practice and in accordance with manufacturer's instructions and recommendations.  
Auxiliary piping, piping specialties, water seals, valves, and electric connections 
recommended by the manufacturer, required by code or required for proper operation 
shall be provided. 

3.3 CUTTING AND PATCHING 

A. Cutting and patching associated with the work shall be performed in a neat and 
workmanlike manner.  Existing surfaces, which are damaged by the Contractor, shall 
be repaired or provided with new materials.  All patching shall be done with materials 
and methods similar to existing adjacent work, subject to approval of the Architect.  
Structural members shall not be cut or penetrated.  Holes cut through concrete and/or 
masonry to accommodate new work shall be cut by reciprocating or rotary, non-
percussive methods. 

B. Patching of areas disturbed by installation of new work shall match existing adjacent 
surfaces in material, texture, and color. 

3.4 PROTECTION OF EXISTING WORK 

A. When working in and around the building, extreme care shall be exercised with regard 
to protection of the structure and plumbing services.  Repair or replace, to the 
satisfaction of the Architect, any existing work damaged in the performance of the new 
work. 

3.5 SURVEYS AND MEASUREMENTS 

A. Base all measurements (both horizontal and vertical) from established bench marks.  
All work shall agree with these established lines and levels.  Verify all measurements at 
site and check correctness of same as related to the work.  Verify locations of existing 
utilities and inverts of same prior to the start of any systems shown connecting to 
existing utilities. 

B. Should the Contractor discover any discrepancy between actual measurements or 
conditions, and those indicated, which prevent following good practice or the intent of 
the drawings and specifications, he shall notify the Architect and shall not proceed with 
his work until he has received instruction from the Architect. 
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3.6 HANDLING AND STORAGE OF MATERIAL 

A. Proper and suitable tools, equipment and appliances for the safe and convenient 
handling and placing of all materials and equipment shall be used.  During loading, 
unloading, and placing, care shall be taken in handling the equipment and materials so 
that no equipment or materials are damaged. 

B. All equipment delivered to the job site shall be stored on pedestals, above the ground 
and under roof or other approved covering.  All enclosures for equipment shall be 
weatherproof.  All motors, drives, switchgear, panels, etc. which are not totally 
enclosed, that are involved in the work, shall be stored in a heated, dry, water 
protected area with a minimum temperature of fifty degrees (50) Fahrenheit.  All valves 
shall be stored under roof on wood pedestals, above ground.  All insulation shall be 
stored under roof or in trailers, adequately protected from the weather.  The Contractor 
shall follow all written instructions and recommendations of the manufacturer and all 
requirements of the Architect in oiling, protection and maintenance of equipment during 
storage.  It shall be the Contractor's complete responsibility for the storage and care of 
the equipment and materials. 

C. If any equipment and/or materials are found to be in poor condition at the time of 
installation the Architect may, at his discretion, order the Contractor to furnish and 
install new equipment and/or material at no cost to the Owner. 

3.7 COOPERATION WITH OTHER TRADES 

A. Plumbing trades shall give full cooperation to other trades and shall furnish in writing, 
with copies to Architect any information necessary to permit the work of all trades to be 
installed satisfactorily and with least possible interference or delay.  Exact location of 
all plumbing and equipment, devices, etc. in finished spaces shall be coordinated with 
Architectural reflected ceiling plans, elevations and details. 

3.8 CLEANING AND PATCHING 

A. Thoroughly clean all exposed surfaces of equipment and material and leave in a neat, 
clean condition.   

B. Restore and touch-up factory finishes which have been damaged during construction.   

3.9 ACCESSIBILITY 

A. Equipment shall be installed per manufacturer’s recommended clearance guidelines 
with sufficient space for maintenance personnel service, operate, and maintain 
equipment. 

B. Locate all above ceiling equipment which must be serviced, operated, or maintained, in 
fully accessible positions to eliminate the need for access panels and doors.  
Equipment shall include, but not be limited to, valves, clean-outs, motors, controllers, 
dampers, drain points, etc.   
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C. Where overhead equipment cannot be located above spaces with either no ceilings or 
removable acoustical ceiling tiles, contractor shall provide, as part of the contract and 
no expense to the Owner, fourteen (14) gauge painted steel access doors where 
required and/or where directed (color shall match ceiling).     
1. Access doors shall be Milcor or approved equal to suit material in which installed.   
2. Access doors installed in fire rated walls or shafts shall be labeled and shall 

match rating of the construction.   
3. Doors shall be of sufficient size to allow access to all components; minimum size 

shall be eighteen (18) inches by eighteen (18) inches.   
4. Doors in Toilet Rooms and Janitor’s Closets shall be Type 304 stainless steel.   
5. All doors shall have cylinder locks operable from same key.   
6. Submit shop drawings for approval.  Locations shall be coordinated with the 

Architect and indicated on the composite installation and coordination drawings 

D. Equipment deemed inaccessible by the Architect shall be reworked by the Contractor 
at no expense to the Owner.   

3.10 EXCAVATION AND BACKFILL 

A. Definitions: 
1. Backfill: Soil material or controlled low-strength material used to fill an 

excavation. 
a. Initial Backfill: Backfill placed beside and over pipe in a trench, including 

haunches to support sides of pipe. 
b. Final Backfill: Backfill placed over initial backfill to fill a trench. 

2. Bedding Course: Aggregate layer placed over the excavated subgrade in a 
trench before laying pipe. 

3. Excavation: Removal of material encountered above subgrade elevations and to 
lines and dimensions indicated. 

4. Fill: Soil materials used to raise existing grades. 
5. Subgrade: Uppermost surface of an excavation or the top surface of a fill or 

backfill immediately below subbase, drainage fill, drainage course, or topsoil 
materials. 

6. Utilities:  On-site underground pipes, as well as underground services within 
buildings. 

B. Soil Materials: 
1. Satisfactory Soils: Soil Classification Groups GW, GP, GM, SW, SP, and SM 

according to ASTM D 2487, Groups A-1, A-2-4, A-2-5, and A-3 according to 
AASHTO M 145, or a combination of these groups; free of rock or gravel larger 
than 3 inches in any dimension, debris, waste, frozen materials, vegetation, and 
other deleterious matter 

2. Unsatisfactory Soils: Soil Classification Groups GC, SC, CL, ML, OL, CH, MH, 
OH, and PT according to ASTM D 2487, Groups A-2-6, A-2-7, A-4, A-5, A-6, and 
A-7 according to AASHTO M 145, or a combination of these groups. 
a. Unsatisfactory soils include satisfactory soils not maintained within 2 

percent of optimum moisture content at time of compaction. 
3. Subbase Material: Naturally or artificially graded mixture of natural or crushed 

gravel, crushed stone, and natural or crushed sand; ASTM D 2940/D 2940M; 
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with at least 90 percent passing a 1-1/2-inch sieve and not more than 12 percent 
passing a No. 200 sieve. 

4. Bedding Course: Naturally or artificially graded mixture of natural or crushed 
gravel, crushed stone, and natural or crushed sand; ASTM D 2940/D 2940M; 
except with 100 percent passing a 1-inch sieve and not more than 8 percent 
passing a No. 200 sieve. 

5. Sand: ASTM C 33/C 33M; fine aggregate. 

C. Subgrade Inspection 
1. Notify Architect when excavations have reached required subgrade. 
2. If Architect determines that unsatisfactory soil is present, continue excavation 

and replace with compacted backfill or fill material as directed. 
3. Reconstruct subgrades damaged by freezing temperatures, frost, rain, 

accumulated water, or construction activities, as directed by Architect, without 
additional compensation. 

D. Compaction of Soil Backfills and Fills 
1. Following inspection as specified above, approved backfill material shall be 

deposited in the trench with hand shovels, not by means of wheelbarrows, carts, 
trucks, bulldozers, or similar equipment. 

2. Place backfill and fill soil materials in layers not more than 4 inches in loose 
depth for material compacted by hand-operated tampers until the pipe has a 
cover of not less than two (2) feet.  The remainder of the backfill material shall 
then be deposited in the trench in eight (8) inch layers and compacted. 

3. Place backfill and fill soil materials evenly on all sides of structures to required 
elevations and uniformly along the full length of each structure. 

4. Compact soil materials to not less than the following percentages of maximum 
dry unit weight according to ASTM D 698 and ASTM D 1557: 
a. For utility trenches, compact each layer of initial and final backfill soil 

material at 95 percent of dry weight compaction. 
5. Mechanical tampers, for compacting backfill, shall be tampers capable of 

exerting a blow equal to 250 foot-pounds per square foot (FT2) of area of the 
tamping face. 

6. Work broken or ruptured by improperly placed backfill shall be removed and 
replaced by the Contractor at no additional cost to the Owner. 

7. Any trenches improperly backfilled shall be reopened, then refilled and 
compacted to the required grade and smoothed off.   

E. Field Quality Control 
1. Test compaction of soils in place according to ASTM D 1556, ASTM D 2167, 

ASTM D 2937, and ASTM D 6938, as applicable. Tests will be performed at the 
following locations and frequencies: 
a. Trench Backfill: At each compacted initial and final backfill layer, at least 

one test for every 100 feet or less of trench length but no fewer than two 
tests. 

2. When testing agency reports that subgrades, fills, or backfills have not achieved 
degree of compaction specified, scarify and moisten or aerate, or remove and 
replace soil materials to depth required; recompact and retest until specified 
compaction is obtained. 
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3.11 DEMOLITION 

A. All existing piping, conduit, equipment and materials not required for re-use or re-
installation shall be removed.  Any existing materials and equipment which are 
removed and are desired by the Owner or are indicated to remain the property of the 
Owner, shall be delivered to him on the premises by the Contractor where directed by 
the Architect.  All other materials and equipment which are removed shall become the 
property of the Contractor and shall be removed by him from the premises. 

B. Existing piping that remains concealed, buried, or otherwise contained in the remaining 
slabs and walls shall be capped, plugged, or otherwise sealed.  All pipes shall be cut 
so that their capped or plugged ends will be below the finished floors or behind finished 
surfaces. 

C. Existing wiring, where possible, shall be removed or pulled through conduits.  Wiring 
remaining shall be cut back behind the termination of conduits so that conduits can be 
adequately capped, plugged, or sealed. 

3.12 CONNECTIONS AND ALTERATIONS TO EXISTING WORK 

A. When existing plumbing work is removed, all pipes, valves and materials shall be 
removed to a point below the finished floors or behind finished walls and capped.  Such 
points shall be far enough behind finished surfaces to allow for the installation of the 
normal thickness of finished material. 

B. When the work specified hereinafter connects to existing equipment or piping, the 
Contractor shall perform all necessary alterations, cuttings, or fitting of existing work as 
may be necessary or required to make satisfactory connections between the new and 
existing work and to leave the completed work in a finished and workmanlike condition, 
to the entire satisfaction of the Architect. 

C. When the work specified hereinafter or under other divisions of the contract 
necessitates relocation of existing equipment, piping, or ductwork, the Contractor shall 
perform all work and make all necessary changes to existing work as may be required 
to leave the completed work in a finished and workmanlike condition, to the satisfaction 
of the Architect.  All work resulting in an extra to the contract shall be approved by the 
Owner and Architect before proceeding. 

D. All cutting and patching necessary for the installation of the plumbing work shall be 
done under this Division.  Any damage done to the work already in place shall be 
repaired at the Contractor's expense.  Patching shall be uniform in appearance and 
shall match the surrounding surface. 

E. When the work specified hereinafter connects to existing piping, to avoid possible 
cross-connection of supply and return lines, the Contractor shall field verify the 
configuration of supply and return lines, using an appropriate temperature sensing or 
pressure device, before making final connections. Any discrepancy between 
construction documents and field verification should be promptly reported to the 
Architect before completing piping installation, so proper piping configuration can be 
verified. 
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3.13 INTERRUPTION OF EXISTING UTILITIES 

A. Notify the Owner in writing at least ten (10) calendar days in advance of any required 
shutdown of water, sewage, gas, electrical service or other utility.  Upon written receipt 
of approval from Owner, shutdowns shall be performed between the hours of six (6) 
p.m. and six (6) a.m. including clean-up or as directed otherwise and shall be 
accomplished at no additional cost. 

B. At the end of each interruption, all services shall be restored so that normal use of the 
building can continue. 

END OF SECTION 220500 
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SECTION 220517 - SLEEVES AND SLEEVE SEALS FOR PLUMBING PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Sleeves. 
2. Sleeve-seal systems. 
3. Sleeve-seal fittings. 
4. Grout. 

B. Related Requirements: 
1. Division 07 "Penetration Firestopping" for penetration firestopping installed in fire-

resistance-rated walls, horizontal assemblies, and smoke barriers, with and 
without penetrating items. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.1 SLEEVES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Advance Products & Systems, Inc 
2. CALPICO, Inc   
3. GPT; an EnPro Industries company 

B. Cast-Iron Pipe Sleeves: Cast or fabricated of cast or ductile iron and equivalent to 
ductile-iron pressure pipe, with plain ends and integral waterstop collar. 

C. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, anticorrosion 
coated or galvanized, with plain ends and integral welded waterstop collar. 

D. Galvanized-Steel Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed 
with welded longitudinal joint. 
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2.2 SLEEVE-SEAL FITTINGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Advance Products & Systems, Inc 
2. CALPICO, Inc   
3. GPT; an EnPro Industries company 
4. Metraflex Company (The)   
5. Proco Products, Inc 

B. Description:  
1. Manufactured plastic, sleeve-type, waterstop assembly made for imbedding in 

concrete slab or wall. 
2. Plastic or rubber waterstop collar with center opening to match piping OD. 

2.3 GROUT 

A. Description: Nonshrink, for interior and exterior sealing openings in non-fire-rated walls 
or floors. 

B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, 
dry, hydraulic-cement grout. 

C. Design Mix: 5000-psi, 28-day compressive strength. 

D. Packaging: Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 SLEEVE INSTALLATION 

A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and 
walls. 

B. Fasten sleeves securely in floors and walls so that they will not become displaced 
when concrete is poured or when other construction is built around them.  Take 
precautions to prevent concrete, plaster or other materials from being forced into space 
between pipe and sleeve during construction 

C. For sleeves that will have sleeve-seal system installed, select sleeves of size large 
enough to provide 1-inch annular clear space between piping and concrete slabs and 
walls. 
1. Sleeves are not required for core-drilled holes. 

D. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs 
and walls are constructed. 
1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception: Extend sleeves installed in floors of mechanical equipment 
areas or other wet areas 2 inches above finished floor level. 
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2. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-
seal system. 

E. Install sleeves for pipes passing through interior partitions. 
1. Cut sleeves to length for mounting flush with both surfaces. 
2. Install sleeves that are large enough to provide minimum 1/4-inch annular clear 

space between sleeve and pipe or pipe insulation. 
3. Seal annular space between sleeve and piping or piping insulation; use joint 

sealants appropriate for size, depth, and location of joint. 

F. Fire-Resistance-Rated Penetrations, Horizontal Assembly Penetrations, and Smoke 
Barrier Penetrations:  Maintain indicated fire or smoke rating of walls, partitions, 
ceilings, and floors at pipe penetrations. Seal pipe penetrations with fire- and smoke-
stop materials. Comply with requirements for firestopping and fill materials specified in 
Section 078413 "Penetration Firestopping." 

3.2 SLEEVE-SEAL-FITTING INSTALLATION 

A. Install sleeve-seal fittings in new walls and slabs as they are constructed. 

B. Assemble fitting components of length to be flush with both surfaces of concrete slabs 
and walls. Position waterstop flange to be centered in concrete slab or wall. 

C. Secure nailing flanges to concrete forms. 

D. Use grout to seal the space around outside of sleeve-seal fittings. 

3.3 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 
1. Leak Test: After allowing for a full cure, test sleeves and sleeve seals for leaks. 

Repair leaks and retest until no leaks exist. 

B. Sleeves and sleeve seals will be considered defective if they do not pass tests and 
inspections. 

C. Prepare test and inspection reports. 

3.4 SLEEVE AND SLEEVE-SEAL SCHEDULE 

A. Use sleeves and sleeve seals for the following piping-penetration applications: 

1. Exterior Concrete Walls above Grade: 
a. Piping Smaller Than NPS 6: Steel pipe sleeves or sleeve-seal fittings. 
b. Piping NPS 6 and Larger: Steel pipe sleeves or sleeve-seal fittings. 

2. Concrete Slabs-on-Grade: 
a. Piping Smaller Than NPS 6: Steel pipe sleeves with sleeve-seal fittings. 
b. Piping NPS 6 and Larger: Steel pipe sleeves with sleeve-seal fittings. 
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3. Interior Partitions: 
a. Piping Smaller Than NPS 6: Steel pipe sleeves. 
b. Piping NPS 6 and Larger: Galvanized-steel sheet sleeves. 

END OF SECTION 220517 
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SECTION 220518 - ESCUTCHEONS FOR PLUMBING PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Escutcheons. 
2. Floor plates. 

1.3 DEFINITIONS 

A. Existing Piping to Remain: Existing piping that is not to be removed and that is not 
otherwise indicated to be removed and salvaged, or removed and reinstalled. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. BrassCraft Manufacturing Co.; a Masco company 
2. Dearborn Brass   
3. Keeney Manufacturing Company (The) 
4. Mid-America Fittings, Inc. 
5. ProFlo; a Ferguson Enterprises, Inc. brand 

2.2 ESCUTCHEONS 

A. One-Piece, Steel Type: With polished, chrome-plated finish and setscrew fastener. 

B. One-Piece, Stainless-Steel Type: With polished stainless-steel finish. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 

ESCUTCHEONS FOR PLUMBING PIPING 220518 - 2 

C. One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew 
fastener. 

D. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped steel or brass with polished, 
chrome-plated finish and spring-clip fasteners. 

E. One-Piece, Stamped-Steel Type: With polished, chrome-plated finish and spring-clip 
fasteners. 

F. Split-Plate, Stamped-Steel Type: With polished, chrome-plated finish; concealed hinge; 
and spring-clip fasteners. 

2.3 FLOOR PLATES 

A. Split Floor Plates: Steel with concealed hinge. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install escutcheons for exposed piping penetrations of finished walls, ceilings, and 
floors. 

B. Install escutcheons on bare piping to be compatible with pipe material: 
1. Copper Piping:  Brass  
2. Ferrous Piping:  Steel. 
3. Plastic Piping:  Steel. 
4. Stainless Steel Piping:  Stainless Steel. 

C. Install escutcheons with ID to closely fit around pipe, tube, and insulation of insulated 
piping and with OD that completely covers opening. 
1. Escutcheons for New Piping and Relocated Existing Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep pattern. 
b. Chrome-Plated Piping: One-piece or split-plate, with concealed hinge with 

polished, chrome-plated finish. 
c. Insulated Piping: One-piece or split-plate with concealed hinge with 

polished, chrome-plated finish. 
d. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece 

or split-plate with concealed hinge with polished, chrome-plated finish. 
e. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece or split-

plate with concealed hinge with polished, chrome-plated finish. 
f. Bare Piping in Unfinished Service Spaces: One-piece or split-plate with 

concealed hinge with polished, chrome-plated finish. 
g. Bare Piping in Equipment Rooms: One-piece or split-plate with concealed 

hinge with polished, chrome-plated finish. 
2. Escutcheons for Existing Piping to Remain: 

a. Chrome-Plated Piping: Split-plate with concealed hinge with polished, 
chrome-plated finish. 
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b. Insulated Piping: Split-plate, stamped steel with concealed hinge with 
polished, chrome-plated finish. 

c. Bare Piping at Wall and Floor Penetrations in Finished Spaces: Split-plate 
with concealed hinge with polished, chrome-plated finish. 

d. Bare Piping at Ceiling Penetrations in Finished Spaces: Split-plate with 
concealed hinge with polished, chrome-plated finish. 

e. Bare Piping in Unfinished Service Spaces: Split-plate with concealed hinge 
with polished, chrome-plated finish. 

f. Bare Piping in Equipment Rooms: Split-plate with concealed hinge with 
polished, chrome-plated finish. 

D. Install floor plates for exposed piping penetrations of floors in finished areas with ID to 
closely fit around pipe, tube, and insulation of piping and with OD that completely 
covers opening. 
1. New Piping and Relocated Existing Piping: One-piece, floor plate. 
2. Existing Piping: Split floor plate. 

3.2 FIELD QUALITY CONTROL 

A. Using new materials, replace broken and damaged escutcheons and floor plates. 

END OF SECTION 220518 
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SECTION 220523 - VALVES FOR PLUMBING PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Ball valves. 
2. Butterfly valves. 
3. Check valves. 
4. Gate valves. 

1.3 DEFINITIONS 

A. CWP: Cold working pressure. 

B. EPDM: Ethylene propylene-diene terpolymer rubber. 

C. NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.  

D. NRS: Nonrising stem. 

E. OS&Y: Outside screw and yoke. 

F. RS: Rising stem. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of valve. 
1. Certification that products comply with NSF 61 Annex G and NSF 372 for 

products that come in contact with potable water. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 
1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, and soldered ends. 
3. Set ball valves open to minimize exposure of functional surfaces. 
4. Set butterfly valves closed or slightly open. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

VALVES FOR PLUMBING PIPING 220523 - 2 

B. Use the following precautions during storage: 
1. Maintain valve end protection. 
2. Store valves indoors and maintain at higher-than-ambient-dew-point 

temperature. If outdoor storage is necessary, store valves off the ground in 
watertight enclosures. 

C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not 
use operating handles, stems or handwheels as lifting or rigging points. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR VALVES 

A. Refer to valve schedule articles for applications of valves. 

B. Source Limitations for Valves: Obtain each type of valve from single source from single 
manufacturer. 

C. ASME Compliance: 
1. ASME B1.20.1 for threads for threaded end valves. 
2. ASME B16.1 for flanges on iron valves. 
3. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design 

criteria. 
4. ASME B16.18 for solder-joint connections. 
5. ASME B31.9 for building services piping valves. 

D. NSF Compliance: NSF 61 Annex G and NSF 372 for valve materials for potable-water 
service. 

E. Bronze valves shall be made with dezincification-resistant materials. Bronze valves 
made with copper alloy (brass) containing more than 15 percent zinc are not permitted. 

F. Valve Pressure-Temperature Ratings: Not less than indicated and as required for 
system pressures and temperatures. 

G. Valve Sizes: Same as upstream piping unless otherwise indicated. 

H. Valve Bypass and Drain Connections: MSS SP-45. 

I. Ball Valve Actuator Types: 
1. Handlever: For quarter-turn valves smaller than NPS 4. 

J. Valves in Insulated Piping: 
1. Include 2-inch stem extensions with protective sleeves that allow operation of 

valves without breaking vapor seals or disturbing insulation.   
2. For valves used for throttling or balancing, include memory stops that are fully 

adjustable after insulation is applied. 
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2.2 BALL VALVES 

A. Brass Ball Valves, Two-Piece with Full Port and Stainless-Steel Trim: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Apollo Flow Controls; Conbraco Industries, Inc. 
b. Crane; Crane Energy Flow Solutions 
c. Hammond Valve   
d. Milwaukee Valve Company   
e. NIBCO INC.   
f. Viega 
g. WATTS 

2. Description: 
a. Standard: MSS SP-110. 
b. CWP Rating: 600 psig. 
c. Body Design: Two piece. 
d. Body Material: Lead free brass. 
e. Ends: Threaded or soldered. 

1) Press joint ends shall be acceptable only if also approved for the 
associated piping system connections. 

f. Seats: PTFE. 
g. Stem: Stainless steel. 
h. Ball: Stainless steel, vented. 
i. Port: Full. 

B. Iron Ball Valves, Class 125: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. American Valve, Inc   
b. Apollo Flow Controls; Conbraco Industries, Inc. 
c. WATTS 
d. Zurn Industries, LLC 

2. Description: 
a. Standard: MSS SP-72. 
b. CWP Rating: 200 psig. 
c. Body Design: Split body. 
d. Body Material: ASTM A 126, gray iron. 
e. Ends: Flanged or threaded. 
f. Seats: PTFE. 
g. Stem: Stainless steel. 
h. Ball: Stainless steel. 
i. Port: Full. 

2.3 CHECK VALVES 

A. Bronze Swing Check Valves with Bronze Disc, Class 125: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Apollo Flow Controls; Conbraco Industries, Inc. 
b. Crane; a Crane brand 
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c. Hammond Valve 
d. Jenkins Valves; a Crane brand 
e. Milwaukee Valve Company 
f. NIBCO INC. 
g. Stockham; a Crane brand 
h. WATTS 

2. Description: 
3. Standard: MSS SP-80, Type 3. 
4. CWP Rating: 200 psig. 
5. Body Design: Horizontal flow. 
6. Body Material: ASTM B62, bronze. 
7. Ends: Threaded or soldered. See valve schedule articles. 
8. Disc: Bronze. 

B. Iron Swing Check Valves with Metal Seats, Class 125: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Apollo Flow Controls; Conbraco Industries, Inc. 
b. Crane; a Crane brand 
c. Hammond Valve 
d. Jenkins Valves; a Crane brand 
e. KITZ Corporation 
f. Milwaukee Valve Company 
g. NIBCO INC. 
h. Stockham; a Crane brand 
i. WATTS 

2. Description: 
3. Standard: MSS SP-71, Type I. 
4. CWP Rating: 200 psig. 
5. Body Design: Clear or full waterway. 
6. Body Material: ASTM A126, gray iron with bolted bonnet. 
7. Ends: Flanged or threaded. See valve schedule articles. 
8. Trim: Bronze. 
9. Disc:  Cast iron 
10. Gasket: Asbestos free. 

C. Iron, Globe, Center-Guided Check Valves with Metal Seat, Class 150: 
1. Description: 

a. Standard: MSS SP-125. 
b. NPS 2-1/2 to NPS 12, CWP Rating: 300 psig. 
c. NPS 14 to NPS 24, CWP Rating: 250 psig. 
d. Body Material: ASTM A395/A395M or ASTM A536, ductile iron. 
e. Style: Globe, spring loaded. 
f. Ends: Flanged. 
g. Seat: Bronze. 

2.4 GATE VALVES 

A. Bronze Gate Valves, RS, Class 125: 
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1. Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 
a. Apollo Flow Controls; Conbraco Industries, Inc. 
b. Crane; Crane Energy Flow Solutions 
c. Hammond Valve   
d. Jenkins Valves; Crane Energy Flow Solutions 
e. Milwaukee Valve Company   
f. NIBCO INC.   
g. Stockham; Crane Energy Flow Solutions 
h. WATTS 

2. Description: 
a. Standard: MSS SP-80, Type 2. 
b. CWP Rating: 200 psig. 
c. Body Material: Bronze with integral seat and screw-in bonnet. 
d. Ends: Threaded or solder joint. 
e. Stem: Bronze. 
f. Disc: Solid wedge; bronze. 
g. Packing: Asbestos free. 
h. Handwheel: Malleable iron, bronze, or aluminum. 

B. Iron Gate Valves, OS&Y, Class 125: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Apollo Flow Controls; Conbraco Industries, Inc. 
b. Crane; Crane Energy Flow Solutions 
c. Hammond Valve   
d. Jenkins Valves; Crane Energy Flow Solutions 
e. Milwaukee Valve Company   
f. NIBCO INC.   
g. Stockham; Crane Energy Flow Solutions 
h. WATTS 

2. Description: 
a. Standard: MSS SP-70, Type I. 
b. CWP Rating: 200 psig. 
c. Body Material: Gray iron with bolted bonnet. 
d. Ends: Flanged. 
e. Trim: Bronze. 
f. Disc: Solid wedge. 
g. Packing and Gasket: Asbestos free. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. 
Remove special packing materials, such as blocks, used to prevent disc movement 
during shipping and handling. 
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B. Operate valves in positions from fully open to fully closed. Examine guides and seats 
made accessible by such operations. 

C. Examine threads on valve and mating pipe for form and cleanliness. 

D. Examine mating flange faces for conditions that might cause leakage. Check bolting for 
proper size, length, and material. Verify that gasket is of proper size, that its material 
composition is suitable for service, and that it is free from defects and damage. 

E. Do not attempt to repair defective valves; replace with new valves. 

3.2 VALVE INSTALLATION 

A. Valves shall be provided where indicated on the drawings and as herein specified. 

B. Install shut-off valves in piping where shown and where listed below: 
1. To isolate all items of equipment. 
2. To isolate motorized flow control valves. 
3. To isolate branch lines and riser at mains. 

C. Install valves with unions or flanges at each piece of equipment arranged to allow 
service, maintenance, and equipment removal without system shutdown. 

D. Locate valves for easy access and provide separate support where necessary. 

E. Install valves in horizontal piping with stem at or above center of pipe. 

F. Install valves in position to allow for handwheel operation, full stem movement and 
stuffing maintenance. 

G. Install chainwheels on operators for butterfly valves NPS 4 and larger and more than 
96 inches above floor. Extend chains to 60 inches above finished floor. 

H. Install check valves for proper direction of flow and as follows: 
1. Swing Check Valves: In horizontal position with hinge pin level. 
2. Center-Guided and Plate-Type Check Valves: In horizontal or vertical position, 

between flanges. 
3. Lift Check Valves: With stem upright and plumb. 

I. Install valve tags. 

3.3 ADJUSTING 

A. Adjust or replace valve packing after piping systems have been tested and put into 
service but before final adjusting and balancing. Replace valves if persistent leaking 
occurs. 
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3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. Use gate valves for shutoff service only. 

B. If valves with specified CWP ratings are unavailable, the same types of valves with 
higher CWP ratings may be substituted. 

C. Select valves with the following end connections: 
1. NPS 2 and Smaller: Threaded or soldered. 
2. NPS 2-1/2 to NPS 4: Flanged or threaded. 
3. NPS 5 and Larger: Flanged. 

3.5 DOMESTIC WATER VALVE SCHEDULE 

A. Ball Valves: 
1. Pipe NPS 3 and Smaller:  Brass ball valves, two-piece with full port and 

stainless-steel trim. 

B. Check Valves: 
1. Pipe NPS 3 and Smaller: Bronze swing check valves with bronze disc, 

Class 125, with soldered end connections. 

C. Gate Valves: 
1. Pipe NPS 2 and Smaller: Bronze gate valves, RS, Class 125 with soldered ends. 
2. Pipe NPS 2-1/2 and Larger: Iron gate valves, OS&Y, Class 125 with flanged 

ends. 

END OF SECTION 220523 
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SECTION 220529 - HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Metal pipe hangers and supports. 
2. Trapeze pipe hangers. 
3. Thermal hanger-shield inserts. 
4. Fastener systems. 
5. Pipe stands. 
6. Pipe-positioning systems. 
7. Equipment supports. 

B. Related Requirements: 
1. Section 055000 "Metal Fabrications" for structural-steel shapes and plates for 

trapeze hangers for pipe and equipment supports. 
2. Section 220516 "Expansion Fittings and Loops for Plumbing Piping" for pipe 

guides and anchors. 
3. Section 220548 "Vibration and Seismic Controls for Plumbing Piping and 

Equipment" for vibration isolation devices. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.4 QUALITY ASSURANCE 

A. Structural-Steel Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M. 

B. Pipe Welding Qualifications: Qualify procedures and operators according to 2015 
ASME Boiler and Pressure Vessel Code, Section IX. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. It shall be the responsibility of the Contractor to provide an adequate pipe hanger and 
support system for all pipe systems and equipment in accordance with recognized 
engineering practices, using standard, commercially accepted pipe hangers and 
suspension equipment.   

B. Structural Performance: Hangers and supports for plumbing piping and equipment 
shall withstand the effects of gravity loads and stresses within limits and under 
conditions indicated according to ASCE/SEI 7. 
1. Design supports for multiple pipes, including pipe stands, capable of supporting 

combined weight of supported systems, system contents, and test water. 
2. Design equipment supports capable of supporting combined operating weight of 

supported equipment and connected systems and components. 
3. Design seismic-restraint hangers and supports for piping and equipment. 

2.2 METAL PIPE HANGERS AND SUPPORTS 

A. Carbon-Steel Pipe Hangers and Supports: 
1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 
2. Galvanized Metallic Coatings: Pregalvanized, hot-dip galvanized, or electro-

galvanized. 
3. Nonmetallic Coatings: Plastic coated or epoxy powder coated. 
4. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion 

to support bearing surface of piping. 
5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel. 

B. Stainless-Steel Pipe Hangers and Supports: 
1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 
2. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion 

to support bearing surface of piping. 
3. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel. 

C. Copper Pipe and Tube Hangers: 
1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-

fabricated components. 
2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated 

steel. 

2.3 TRAPEZE PIPE HANGERS 

A. Description: MSS SP-58, Type 59, shop- or field-fabricated pipe-support assembly, 
made from structural-carbon-steel shapes, with MSS SP-58 carbon-steel hanger rods, 
nuts, saddles, and U-bolts. 
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2.4 THERMAL HANGER-SHIELD INSERTS 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide Pipe 
Shields Inc or comparable product by one of the following: 
1. Carpenter & Paterson, Inc   
2. Clement Support Services   
3. ERICO International Corporation 
4. Insulation Components, Inc. 
5. National Pipe Hanger Corporation 
6. Pipe Shields Inc.   
7. Piping Technology & Products, Inc 
8. Rilco Manufacturing Co., Inc 

B. Insulation-Insert Material for Cold Piping: ASTM C 552, Type II cellular glass with 100-
psig or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum 
compressive strength and vapor barrier. 

C. Insulation-Insert Material for Hot Piping: Water-repellent-treated, ASTM C 533, Type I 
calcium silicate with 100-psig minimum compressive strength. 

D. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of 
pipe. 

E. For Clevis or Band Hangers: Insert shall cover entire circumference of pipe.  Shield 
shall cover lower 180 degrees of pipe. 

F. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below 
ambient air temperature. 

2.5 FASTENER SYSTEMS 

A. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement 
concrete, with pull-out, tension, and shear capacities appropriate for supported loads 
and building materials where used. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Hilti, Inc.   
b. ITW Ramset/Red Head; Illinois Tool Works, Inc. 
c. MKT Fastening, LLC   
d. Simpson Strong-Tie Co., Inc. 

B. Mechanical-Expansion Anchors: Insert-wedge-type anchors, for use in hardened 
portland cement concrete, with pull-out, tension, and shear capacities appropriate for 
supported loads and building materials where used. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. B-line, an Eaton business   
b. Hilti, Inc.   
c. ITW Ramset/Red Head; Illinois Tool Works, Inc. 
d. MKT Fastening, LLC   
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2. Indoor Applications: Zinc-coated or stainless steel. 
3. Outdoor Applications: Stainless steel. 

C. Per IBC and ACI 318 Appendix D, all concrete anchors within the scope of ACI 318 
require approved anchors for crack concrete.  Attachment devices shall have certified 
load test data from an independent test laboratory and shall be capable of carrying a 
minimum of five times the design load. The concrete anchors for the following 
supported items need to meet the crack concrete requirements: 
1. Any suspended pipe, larger than 2", regardless of material. 
2. All components with an Ip 1.5. 
3. All components required to function after a seismic event. 
4. Anywhere required by ASCE 7. 

2.6 PIPE STANDS 

A. General Requirements for Pipe Stands: Shop- or field-fabricated assemblies made of 
manufactured corrosion-resistant components to support roof-mounted piping. 

B. Compact Pipe Stand: 
1. Description: Single base unit with integral-rod roller, pipe clamps, or V-shaped 

cradle to support pipe, for roof installation without membrane penetration. 
2. Base: Single, vulcanized rubber, molded polypropylene, or polycarbonate. 
3. Hardware: Galvanized steel or polycarbonate. 
4. Accessories: Protection pads. 

C. Low-Profile, Single-Base, Single-Pipe Stand: 
1. Description: Single base with vertical and horizontal members, and pipe support, 

for roof installation without membrane protection. 
2. Base: Single, vulcanized rubber, molded polypropylene, or polycarbonate. 
3. Vertical Members: Two galvanized-steel, continuous-thread, 1/2-inch rods. 
4. Horizontal Member: Adjustable horizontal, galvanized-steel pipe support 

channels. 
5. Pipe Supports: Roller or strut clamps. 
6. Hardware: Galvanized steel. 
7. Accessories: Protection pads. 
8. Height: 12 inches above roof, unless otherwise noted. 

D. High-Profile, Single-Base, Single-Pipe Stand: 

1. Description: Single base, vertical and horizontal members, and pipe support, for 
roof installation without membrane penetration. 

2. Base: Single vulcanized rubber or molded polypropylene. 
3. Vertical Members: Two galvanized-steel, continuous-thread, 1/2-inch rods. 
4. Horizontal Member: One adjustable-height, galvanized-steel, pipe-support slotted 

channel or plate. 
5. Pipe Supports: Roller, clevis hanger or swivel hanger. 
6. Hardware: Galvanized steel. 
7. Accessories: Protection pads, 1/2-inch, continuous-thread, galvanized-steel rod. 
8. Height: 36 inches above roof, unless otherwise noted. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT 220529 - 5 

E. High-Profile, Multiple-Pipe Stand: 
1. Description: Assembly of bases, vertical and horizontal members, and pipe 

supports, for roof installation without membrane penetration. 
2. Bases: Two or more; vulcanized rubber or molded polypropylene. 
3. Vertical Members: Two or more, galvanized-steel channels. 
4. Horizontal Members: One or more, adjustable-height, galvanized-steel pipe 

support. 
5. Pipe Supports: Roller, strut clamps, clevis hanger or swivel hanger. 
6. Hardware: Galvanized steel. 
7. Accessories: Protection pads, 1/2-inch, continuous-thread rod. 
8. Height: 36 inches above roof, unless otherwise noted. 

F. Curb-Mounted-Type Pipe Stands: Shop- or field-fabricated pipe supports made from 
structural-steel shapes, continuous-thread rods, and rollers, for mounting on 
permanent stationary roof curb. 

2.7 PIPE-POSITIONING SYSTEMS 

A. Description: IAPMO PS 42 positioning system composed of metal brackets, clips, and 
straps for positioning piping in pipe spaces; for plumbing fixtures in commercial 
applications. 

2.8 EQUIPMENT SUPPORTS 

A. Description: Welded, shop- or field-fabricated equipment support made from structural-
carbon-steel shapes. 

2.9 MATERIALS 

A. Aluminum: ASTM B 221. 

B. Carbon Steel: ASTM A 1011/A 1011M. 

C. Structural Steel: ASTM A 36/A 36M carbon-steel plates, shapes, and bars; black and 
galvanized. 

D. Stainless Steel: ASTM A 240/A 240M. 

E. Grout: ASTM C 1107/C 1107M, factory-mixed and -packaged, dry, hydraulic-cement, 
nonshrink and nonmetallic grout; suitable for interior and exterior applications. 
1. Properties: Nonstaining, noncorrosive, and nongaseous. 
2. Design Mix: 5000-psi, 28-day compressive strength. 
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PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with requirements in Section 078413 "Penetration Firestopping" for 
firestopping materials and installation, for penetrations through fire-rated walls, ceilings, 
and assemblies. 

B. Strength of Support Assemblies: Where not indicated, select sizes of components, so 
strength will be adequate to carry present and future static loads within specified 
loading limits. Minimum static design load used for strength determination shall be 
weight of supported operating components with a design safety factor of not less than 
five. 

3.2 HANGER AND SUPPORT INSTALLATION 

A. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, 
clamps, and attachments as required to properly support piping from building structure. 

B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-58. Arrange for grouping 
of parallel runs of horizontal piping, and support together on field-fabricated trapeze 
pipe hangers. 
1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe 

size, or install intermediate supports for smaller-diameter pipes as specified for 
individual pipe hangers. 

2. Field fabricate from ASTM A 36/A 36M carbon-steel shapes selected for loads 
being supported. Weld steel according to AWS D1.1/D1.1M. 

3. The use of cable ties, zip ties and/or tie wraps for attaching piping to metal 
trapeze pip-hanger is prohibited.  Provide appropriate strut clamps, brackets 
and/or similar attachments to properly secure piping to trapeze pipe-hangers. 

C. Thermal Hanger-Shield Installation: Install in pipe hanger for insulated piping. 

D. Fastener System Installation: 
1. Install powder-actuated fasteners for use in lightweight concrete or concrete 

slabs less than 4 inches thick in concrete, after concrete is placed and 
completely cured. Use operators that are licensed by powder-actuated tool 
manufacturer. Install fasteners according to powder-actuated tool manufacturer's 
operating manual. 

2. Install mechanical-expansion anchors in concrete, after concrete is placed and 
completely cured. Install fasteners according to manufacturer's written 
instructions. 

E. Pipe Stand Installation: 
1. Pipe Stand Types, except Curb-Mounted Type: Assemble components and 

mount on smooth roof surface. Do not penetrate roof membrane. 
2. Curb-Mounted-Type Pipe Stands: Assemble components or fabricate pipe stand 

and mount on permanent, stationary roof curb. See Section 077200 "Roof 
Accessories" for curbs. 
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F. Pipe-Positioning-System Installation: Install support devices to make rigid supply and 
waste piping connections to each plumbing fixture. 

G. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, 
nuts, washers, and other accessories. 

H. Equipment Support Installation: Fabricate from welded-structural-steel shapes. 

I. Install hangers and supports to allow controlled thermal and seismic movement of 
piping systems, to permit freedom of movement between pipe anchors, and to facilitate 
action of expansion joints, expansion loops, expansion bends, and similar units. 

J. Install lateral bracing with pipe hangers and supports to prevent swaying. 

K. Install building attachments within concrete slabs or attach to structural steel. Install 
additional attachments at concentrated loads, including valves, flanges, and strainers, 
NPS 2-1/2 and larger and at changes in direction of piping. Install concrete inserts 
before concrete is placed; fasten inserts to forms, and install reinforcing bars through 
openings at top of inserts. 

L. Load Distribution: Install hangers and supports, so that piping live and dead loads and 
stresses from movement will not be transmitted to connected equipment. 

M. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not 
exceed maximum pipe deflections allowed by ASME B31.9 for building services piping. 

N. Insulated Piping: 
1. Attach clamps and spacers to piping. 

a. Piping Operating Above Ambient Air Temperature: Clamp may project 
through insulation. 

b. Piping Operating Below Ambient Air Temperature: Use thermal hanger-
shield insert with clamp sized to match OD of insert. 

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building 
services piping. 

2. Install MSS SP-58, Type 39 protection saddles if insulation without vapor barrier 
is indicated. Fill interior voids with insulation that matches adjoining insulation. 

3. Install MSS SP-58, Type 40 protective shields on cold piping with vapor barrier. 
Shields shall span an arc of 180 degrees. 

4. Shield Dimensions for Pipe: Not less than the following: 
a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick. 
b. NPS 4: 12 inches long and 0.06 inch thick. 
c. NPS 5 and NPS 6: 18 inches long and 0.06 inch thick. 
d. NPS 8 to NPS 14: 24 inches long and 0.075 inch thick. 
e. NPS 16 to NPS 24: 24 inches long and 0.105 inch thick. 

5. Pipes NPS 2-1/2 and Larger: Include thermal hanger shield inserts of length at 
least as long as protective shield. Insert thickness shall be the same thickness as 
piping insulation.  Fill interior voids with insulation that matches adjoining 
insulation and seal as appropriate. 

O. In no case shall wire or perforated strap be used for pipe or conduit support. 
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3.3 EQUIPMENT SUPPORTS 

A. Fabricate structural-steel stands to suspend equipment from structure overhead or to 
support equipment above floor. 

B. Grouting: Place grout under supports for equipment, and make bearing surface 
smooth. 

C. Provide lateral bracing, to prevent swaying, for equipment supports. 

3.4 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and 
equipment supports. 

B. Fit exposed connections together to form hairline joints. Field weld connections that 
cannot be shop welded because of shipping size limitations. 

C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc 
welding; appearance and quality of welds; and methods used in correcting welding 
work; and with the following: 
1. Use materials and methods that minimize distortion and develop strength and 

corrosion resistance of base metals. 
2. Obtain fusion without undercut or overlap. 
3. Remove welding flux immediately. 
4. Finish welds at exposed connections, so no roughness shows after finishing and 

so contours of welded surfaces match adjacent contours. 

3.5 ADJUSTING 

A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to 
achieve indicated slope of pipe. 

B. Trim excess length of continuous-thread hanger and support rods to maximum 1-inch. 

3.6 PAINTING 

A. Touchup: Clean field welds and abraded, shop-painted areas. Paint exposed areas 
immediately after erecting hangers and supports. Use same materials as those used 
for shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted 
surfaces. 
1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils. 

B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas, and apply 
galvanizing-repair paint to comply with ASTM A 780/A 780M. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT 220529 - 9 

3.7 HANGER AND SUPPORT SCHEDULE 

A. Specific hanger and support requirements are in Sections specifying piping systems 
and equipment. 

B. Comply with MSS SP-58 for pipe-hanger selections and applications that are not 
specified in piping system Sections. 

C. Use carbon-steel pipe hangers and supports and metal trapeze pipe hangers and 
attachments for general service applications with field-applied finish. 

D. Use hangers and supports with electro-galvanized coatings for piping and equipment 
that will not have field-applied finish. 

E. Use hot dip galvanized pipe hangers and stainless-steel attachments for exterior 
applications. Zinc plated hangers and attachments are not acceptable for exterior use. 

F. Use stainless-steel pipe hangers and stainless-steel attachments for corrosive 
environment applications.  Zinc plated hangers and attachments are not acceptable for 
corrosive use. 

G. Use nonmetallic coatings on attachments for electrolytic protection where attachments 
are in direct contact with copper tubing. 

H. Use copper-plated pipe hangers and copper attachments for copper piping and tubing. 

I. Use padded hangers for piping that is subject to scratching. 

J. Use thermal-hanger shield inserts for insulated piping and tubing. 

K. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as 
specified in piping system Sections, install the following types: 
1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated 

or insulated, stationary pipes NPS 1/2 to NPS 30. 
2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F 

pipes NPS 4 to NPS 24, requiring up to 4 inches of insulation. 
3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension 

of pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of 
insulation. 

4. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2 
to NPS 24 if little or no insulation is required. 

5. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4, to allow 
off-center closure for hanger installation before pipe erection. 

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of 
noninsulated, stationary pipes NPS 3/4 to NPS 8. 

7. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8. 

8. Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8. 

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10): For suspension of 
noninsulated, stationary pipes NPS 1/2 to NPS 8. 
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10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For 
suspension of noninsulated, stationary pipes NPS 3/8 to NPS 8. 

11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension 
of noninsulated, stationary pipes NPS 3/8 to NPS 3. 

12. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30. 
13. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or 

contraction. 
14. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36, 

with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel 
plate. 

15. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36, 
with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel 
plate, and with U-bolt to retain pipe. 

16. Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for 
pipes NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base 
stanchion support and cast-iron floor flange. 

17. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30, 
from two rods if longitudinal movement caused by expansion and contraction 
occurs. 

18. Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2 to 
NPS 24, from single rod if horizontal movement caused by expansion and 
contraction occurs. 

19. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 if 
longitudinal movement caused by expansion and contraction occurs but vertical 
adjustment is unnecessary. 

20. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24 
if small horizontal movement caused by expansion and contraction occurs and 
vertical adjustment is unnecessary. 

21. Adjustable Pipe Roll and Base Units (MSS Type 46): For support of pipes NPS 2 
to NPS 30 if vertical and lateral adjustment during installation, in addition to 
expansion and contraction, is required. 

L. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 
1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers 

NPS 3/4 to NPS 24. 
2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers 

NPS 3/4 to NPS 24 if longer ends are required for riser clamps. 

M. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 
1. Steel Turnbuckles (MSS Type 13): For adjustment of up to 6 inches for heavy 

loads. 
2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations. 
3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11 split pipe rings. 
4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various 

types of building attachments. 
5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping 

installations. 
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N. Building Attachments: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 

1. Steel or Malleable-Concrete Inserts (MSS Type 18): For upper attachment to 
suspend pipe hangers from concrete ceiling. 

2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-
joist construction, to attach to top flange of structural shape. 

3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of 
beams, channels, or angles. 

4. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of 
beams. 

5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if 
loads are considerable and rod sizes are large. 

6. C-Clamps (MSS Type 23): For structural shapes. 
7. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required 

tangent to flange edge. 
8. Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams. 
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of 

steel I-beams for heavy loads. 
10. Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of 

steel I-beams for heavy loads, with link extensions. 
11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to 

structural steel. 
12. Welded-Steel Brackets: For support of pipes from below or for suspending from 

above by using clip and rod. Use one of the following for indicated loads: 
a. Light (MSS Type 31): 750 lb. 
b. Medium (MSS Type 32): 1500 lb. 
c. Heavy (MSS Type 33): 3000 lb. 

13. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams. 
14. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is 

required. 
15. Horizontal Travelers (MSS Type 58): For supporting piping systems subject to 

linear horizontal movement where headroom is limited. 

O. Saddles and Shields: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 
1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with 

insulation that matches adjoining insulation. 
2. Protection Shields (MSS Type 40): Of length recommended in writing by 

manufacturer to prevent crushing insulation. 
3. Thermal Hanger-Shield Inserts: For supporting insulated pipe. 

P. Spring Hangers and Supports: Unless otherwise indicated and except as specified in 
piping system Sections, install the following types: 
1. Restraint-Control Devices (MSS Type 47): Where indicated to control piping 

movement. 
2. Spring Cushions (MSS Type 48): For light loads if vertical movement does not 

exceed 1-1/4 inches. 
3. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41 roll hanger 

with springs. 
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4. Spring Sway Braces (MSS Type 50): To retard sway, shock, vibration, or thermal 
expansion in piping systems. 

5. Variable-Spring Hangers (MSS Type 51): Preset to indicated load, and limit 
variability factor to 25 percent to allow expansion and contraction of piping 
system from hanger. 

6. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load, and 
limit variability factor to 25 percent to allow expansion and contraction of piping 
system from base support. 

7. Variable-Spring Trapeze Hangers (MSS Type 53): Preset to indicated load, and 
limit variability factor to 25 percent to allow expansion and contraction of piping 
system from trapeze support. 

8. Constant Supports: For critical piping stress and if necessary to avoid transfer of 
stress from one support to another support, critical terminal, or connected 
equipment. Include auxiliary stops for erection, hydrostatic test, and load-
adjustment capability. These supports include the following types: 
a. Horizontal (MSS Type 54): Mounted horizontally. 
b. Vertical (MSS Type 55): Mounted vertically. 
c. Trapeze (MSS Type 56): Two vertical-type supports and one trapeze 

member. 

Q. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are 
not specified in piping system Sections. 

R. Use powder-actuated fasteners or mechanical-expansion anchors instead of building 
attachments where required in concrete construction. 

S. Use pipe-positioning systems in pipe spaces behind plumbing fixtures to support 
supply and waste piping for plumbing fixtures. 

END OF SECTION 220529 
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SECTION 220548 - VIBRATION AND SEISMIC CONTROLS FOR PLUMBING PIPING AND 
EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. The International Building Code and ASCE/SEI 7 Standard apply to all work associated 
with the seismic installation of all new mechanical piping and equipment.  Refer to 
Structural drawings and ASCE/SEI 7 for seismic and wind loads and additional 
information. 

1.2 SUMMARY 

A. Section Includes: 
1. Elastomeric hangers. 
2. Spring hangers. 
3. Snubbers. 
4. Restraints - rigid type. 
5. Restraints - cable type. 
6. Restraint accessories. 
7. Post-installed concrete anchors. 
8. Concrete inserts. 

B. Related Requirements: 

1. Section 230548 "Vibration and Seismic Controls for HVAC" for devices for HVAC 
equipment and systems. 

1.3 DEFINITIONS 

A. ASCE/SEI:  American Society of Civil Engineers/Structural Engineering Institute. 

B. IBC: International Building Code. 

C. ICC-ES: ICC-Evaluation Service. 

D. OSHPD: Office of Statewide Health Planning & Development (for the State of 
California). 
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1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Include rated load, rated deflection, and overload capacity for each vibration 

isolation device. 
2. Include load rating for each wind-force-restraint fitting and assembly. 
3. Illustrate and indicate style, material, strength, fastening provision, and finish for 

each type and size of vibration isolation device and seismic- and wind-force-
restraint component. 

4. Annotate types and sizes of seismic restraints and accessories, complete with 
listing markings or report numbers and load rating in tension and compression as 
evaluated by an evaluation service member of ICC-ES, OSHPD or an agency 
acceptable to authorities having jurisdiction. 

5. Annotate to indicate application of each product submitted and compliance with 
requirements. 

6. Interlocking Snubbers: Include ratings for horizontal, vertical, and combined 
loads. 

B. Shop Drawings: 
1. Detail fabrication and assembly of equipment bases. 
2. Vibration Isolation Base Details: Detail fabrication including anchorages and 

attachments to structure and to supported equipment. Include adjustable motor 
bases, rails, and frames for equipment mounting. 

C. Delegated-Design Submittal: 
1. For each seismic-restraint and wind-load protection device, including seismic-

restrained mounting, pipe-riser resilient support, snubber, seismic restraint, 
seismic-restraint accessory, concrete anchor and insert, and restrained isolation 
roof-curb rail that is required by this Section or is indicated on Drawings, submit 
the following: 
a. Seismic and Wind-Load Restraint, and Vibration Isolation Base Selection: 

Select vibration isolators, seismic and wind-load restraints, and vibration 
isolation bases complying with performance requirements, design criteria, 
and analysis data. 

b. Riser Supports: Include riser diagrams and calculations showing 
anticipated expansion and contraction at each support point, initial and final 
loads on building structure, spring deflection changes, and seismic loads. 
Include certification by professional engineer that riser system was 
examined for excessive stress and that none exists. 

c. Concrete Anchors and Inserts: Include calculations showing anticipated 
seismic and wind loads. Include certification that device is approved by an 
NRTL for seismic reinforcement use. 

d. Seismic Design Calculations: Submit all input data and loading calculations 
prepared under "Seismic Design Calculations" Paragraph in "Performance 
Requirements" Article. 

e. Wind-Load Design Calculations: Submit all static and dynamic loading 
calculations prepared under "Wind-Load Design Calculations" Paragraph in 
"Performance Requirements" Article. 

f. Qualified Professional Engineer: All designated-design submittals for 
seismic- and wind-restraint calculations are to be signed and sealed by 
qualified professional engineer responsible for their preparation. 
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2. Seismic- and Wind-Restraint Detail Drawing: 
a. Design Analysis: To support selection and arrangement of seismic and 

wind restraints. Include calculations of combined tensile and shear loads. 
b. Details: Indicate fabrication and arrangement. Detail attachments of 

restraints to restrained items and to the structure. Show attachment 
locations, methods, and spacings. Identify components, list their strengths, 
and indicate directions and values of forces transmitted to the structure 
during seismic events. Indicate association with vibration isolation devices. 

c. Coordinate seismic-restraint and vibration isolation details with wind-
restraint details required for equipment mounted outdoors. Comply also 
with requirements in other Sections for equipment mounted outdoors. 

3. All delegated-design submittals for seismic- and wind-restraint detail Drawings 
are to be signed and sealed by qualified professional engineer responsible for 
their preparation. 

4. Product Listing, Preapproval, and Evaluation Documentation: By an evaluation 
service member of ICC-ES, OSHPD or an agency acceptable to authorities 
having jurisdiction, showing maximum ratings of restraint items and basis for 
approval (tests or calculations). 

5. Design Calculations for Vibration Isolation Devices: Calculate static and dynamic 
loading due to equipment weight and operating forces required to select proper 
vibration isolators, and to design vibration isolation bases. 

6. Riser Supports: Include riser diagrams and calculations showing anticipated 
expansion and contraction at each support point, initial and final loads on building 
structure, and spring deflection changes. Include certification that riser system 
was examined for excessive stress and that none exists. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Show coordination of vibration isolation device installation and 
seismic bracing for piping and equipment with other systems and equipment in the 
vicinity, including other supports and restraints, if any. 

B. Qualification Data: For professional engineer and testing agency. 

C. Welding certificates. 

D. Air-Spring Isolator Performance Certification: Include natural frequency, load, and 
damping test data performed by an independent agency. 

E. Field quality-control reports. 

F. Seismic Qualification Data: Provide special certification for designated seismic systems 
as indicated in ASCE/SEI 7 Paragraph 13.2.2, "Special Certification Requirements for 
Designated Seismic Systems" for all Designated Seismic Systems identified as such 
on Drawings or in the Specifications. 
1. Provide equipment manufacturer's written certification for each designated active 

mechanical seismic device and system, stating that it will remain operable 
following the design earthquake. Certification must be based on requirements of 
ASCE/SEI 7 and AHRI 1270, including shake table testing per ICC-ES AC156 or 
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a similar nationally recognized testing standard procedure acceptable to 
authorities having jurisdiction or experience data as permitted by ASCE/SEI 7. 

2. Provide equipment manufacturer's written certification that components with 
hazardous contents maintain containment following the design earthquake by 
methods required in ASCE/SEI 7. 

3. Submit evidence demonstrating compliance with these requirements for approval 
to authorities having jurisdiction after review and acceptance by a licensed 
professional engineer. 

G. Wind-Force Performance Certification: Provide special certification for components 
subject to high wind exposure and impact damage and designated on Drawings or in 
the Specifications to require wind-force performance certification. 
1. Provide equipment manufacturer's written certification for each designated 

device, stating that it will remain in place and operable following the design wind 
event and comply with all requirements of authorities having jurisdiction. 

2. Provide manufacturer's written certification for each designated louver, damper, 
or similar device, stating that it will remain in place and protect opening from 
penetration of windborne debris and comply with all requirements of authorities 
having jurisdiction. 

3. Certification must be based on ICC-ES or similar nationally recognized testing 
standard procedures acceptable to authorities having jurisdiction. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For air-spring isolators and restrained-air-spring 
isolators to include in operation and maintenance manuals. 

B. Manufacturer’s Inspection Report:  Contractor shall submit factory-authorized service 
representative’s final report indicating all restraints and isolation devices as being 
properly installed or requiring correction.   

1.7 QUALITY ASSURANCE 

A. Testing Agency Qualifications: An independent agency, with the experience and 
capability to conduct testing indicated, be an NRTL as defined by OSHA in 
29 CFR 1910.7, and be acceptable to authorities having jurisdiction. 

B. Welding Qualifications: Qualify procedures and personnel in accordance with 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

C. Seismic- and Wind-Load-Restraint Device Load Ratings: Devices to be tested and 
rated in accordance with applicable code requirements and authorities having 
jurisdiction. Devices to be listed by a nationally recognized third party that requires 
periodic follow-up inspections and has a listing directory available to the public. Provide 
third-party listing by one or more of the following: an evaluation service member of 
ICC-ES or an agency acceptable to authorities having jurisdiction. 
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1.8 COORDINATION 

A. Coordinate with vibration isolation restraint manufacturer and the structural 
contractor/engineer of record to locate and size structural supports underneath 
vibration isolated restrained equipment (e.g. roof curbs and other similar equipment). 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in 
Section 014000 "Quality Requirements," to design seismic and wind- load control 
system. 
1. Seismic and Wind-Load Performance: Equipment shall withstand the effects of 

earthquake motions and high wind events determined in accordance with 
ASCE/SEI 7. 

B. Seismic Design Calculations: 
1. Perform calculations to obtain force information necessary to properly select 

seismic-restraint devices, fasteners, and anchorage. Perform calculations using 
methods acceptable to applicable code authorities and as presented in 
ASCE/SEI 7. Where "ASCE/SEI 7" is used throughout this Section, it is to be 
understood that the edition referred to is the currently adopted edition. 
a. Data indicated below to be determined by Delegated-Design Contractor 

must be obtained by Contractor and must be included in individual 
component submittal packages. 

b. Coordinate seismic design calculations with wind-load calculations for 
equipment mounted outdoors. Comply with requirements in other Sections 
in addition to those in this Section for equipment mounted outdoors. 

C. Wind-Load Design Calculations: 
1. Perform calculations to obtain force information necessary to properly select 

wind-load-restraint devices, fasteners, and anchorage. Perform calculations 
using methods acceptable to applicable code authorities and as presented in 
ASCE/SEI 7. Where "ASCE/SEI 7" is used throughout this Section, it is to be 
understood that the edition referred to is the currently adopted edition. 
a. Data indicated below that are specific to individual pieces of equipment 

must be obtained by Contractor and must be included in individual 
component submittal packages. 

b. Coordinate design wind-load calculations with seismic load calculations for 
equipment requiring both seismic and wind-load reinforcement. Comply 
with requirements in other Sections in addition to those in this Section for 
equipment mounted outdoors. 

D. Fire/Smoke Resistance: Seismic- and wind-load-restraint devices that are not 
constructed of ferrous metals must have a maximum flame-spread index of 25 and 
maximum smoke-developed index of 50 when tested by an NRTL in accordance with 
ASTM E84 or UL 723, and be so labeled. 
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E. Component Supports: 
1. Load ratings, features, and applications of all reinforcement components must be 

based on testing standards of a nationally recognized testing agency. 
2. All component support attachments must comply with force and displacement 

resistance requirements of ASCE/SEI 7. 

2.2 GENERAL 

A. Select vibration isolating units for the lowest operating speed of equipment, so 
designed that natural frequency of equipment and base mass is not less than 1.5 times 
the lowest operating frequency of the moving equipment, but not a multiple or harmonic 
of the base frequency.  Furnish vibration isolation producing a uniform loading and 
deflection even when equipment weight is not evenly distributed, vibration isolation 
shall be stable during starting and stopping of equipment without excessive traverse 
and eccentric movement of equipment. 

B. The installed vibration isolation system for each floor or ceiling mounted item of 
equipment shall have a maximum lateral motion under equipment start up and shut 
down conditions of 1/4 inch.  Motions in excess shall be restrained by approved spring 
type mounting. 

C. The type of isolation, base, and minimum static deflection shall be as required for each 
specific equipment application, but not less than that specified herein when supported 
on a solid concrete structural slab having a thickness of not less than four (4) inches.   
1. Should vibration isolators installed for the equipment prove inadequate to prevent 

transmission of equipment vibrations to the building structure or limit equipment 
vibration originated noise in the building spaces to acceptable levels, the 
isolators shall be replaced with units having the largest deflection that can be 
practicably installed. 

D. All springs installed out-of-doors shall be cadmium-plated, zinc electroplated or 
powder-coated after fabrication.  Hardware and other metal parts shall be cadmium-
plated or galvanized.  Galvanizing shall meet ASTM Salt Spray Test Standards and 
Federal Test Standard No. 14. 

E. All isolators installed out-of-doors shall have base plates with bolt holes for fastening 
the isolators to the support members. 

2.3 RESILIENT PIPE GUIDES 

A. Description: Telescopic arrangement of two steel tubes or post and sleeve 
arrangement separated by a minimum 1/2-inch- thick neoprene. 
1. Factory-Set Height Guide with Shear Pin: Shear pin shall be removable and 

reinsertable to allow for selection of pipe movement. Guides shall be capable of 
motion to meet location requirements. 
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2.4 ELASTOMERIC HANGERS 

A. Elastomeric Mount in a Steel Frame with Upper and Lower Steel Hanger Rods: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. California Dynamics Corporation 
b. Isolation Technology, Inc   
c. Kinetics Noise Control, Inc. 
d. Mason Industries, Inc.   
e. The VMC Group 
f. Vibration Eliminator Co., Inc. 
g. Vibration Isolation Co., Inc. 
h. Vibration Mountings & Controls/Korfund. 
i. Vibro-Acoustics, Inc. 

2. Frame: Steel, fabricated with a connection for an upper threaded hanger rod and 
an opening on the underside to allow for a maximum of 30 degrees of angular 
lower hanger-rod misalignment without binding or reducing isolation efficiency. 

3. Dampening Element: Molded, oil-resistant rubber, neoprene, or other elastomeric 
material with a projecting bushing for the underside opening preventing steel to 
steel contact. 

2.5 SPRING HANGERS 

A. Combination Coil-Spring and Elastomeric-Insert Hanger with Spring and Insert in 
Compression: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. California Dynamics Corporation 
b. Isolation Technology, Inc   
c. Kinetics Noise Control, Inc. 
d. Mason Industries, Inc.   
e. The VMC Group 
f. Vibration Eliminator Co., Inc. 
g. Vibration Isolation Co., Inc. 
h. Vibration Mountings & Controls/Korfund. 
i. Vibro-Acoustics, Inc. 

2. Frame: Steel, fabricated for connection to threaded hanger rods and to allow for 
a maximum of 30 degrees of angular hanger-rod misalignment without binding or 
reducing isolation efficiency. 

3. Outside Spring Diameter: Not less than 80 percent of the compressed height of 
the spring at rated load. 

4. Minimum Additional Travel: 50 percent of the required deflection at rated load. 
5. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 
6. Overload Capacity: Support 200 percent of rated load, fully compressed, without 

deformation or failure. 
7. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-

reinforced cup to support spring and bushing projecting through bottom of frame. 
8. Adjustable Vertical Stop: Steel washer with neoprene washer "up-stop" on lower 

threaded rod (where required). 
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9. Self-centering hanger-rod cap to ensure concentricity between hanger rod and 
support spring coil. 

2.6 SNUBBERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Kinetics Noise Control, Inc 
2. Mason Industries, Inc.   
3. Novia; A Division of C&P   
4. Vibration Mountings & Controls, Inc 

B. Description: Factory fabricated using welded structural-steel shapes and plates, anchor 
bolts, and replaceable resilient isolation washers and bushings. 
1. Post-Installed Concrete Anchor Bolts: Secure to concrete surface with post-

installed concrete anchors. Anchors to be seismically prequalified in accordance 
with ACI 355.2 testing and designated in accordance with ACI 318.  

2. Preset Concrete Inserts: Seismically prequalified in accordance with ICC-
ES AC446 testing.  

3. Anchors in Masonry: Design in accordance with TMS 402. 
4. Resilient Isolation Washers and Bushings: Oil- and water-resistant neoprene. 
5. Resilient Cushion: Maximum 1/4-inch air gap, and minimum 1/4 inch thick. 

2.7 RESTRAINTS - RIGID TYPE 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. B-line, an Eaton business   
2. California Dynamics Corporation 
3. Hilti, Inc.   
4. Mason Industries, Inc.   
5. Unistrut; Part of Atkore International 

B. Description: Shop- or field-fabricated bracing assembly made of AISI S110-07-S1 
slotted steel channels, ANSI/ASTM A53/A53M steel pipe as per NFPA 13, or other 
rigid steel brace member. Includes accessories for attachment to braced component at 
one end and to building structure at the other end and other matching components and 
with corrosion-resistant coating; rated in tension, compression, and torsion forces. 

2.8 RESTRAINTS - CABLE TYPE 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Gripple Inc.   
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc.   
4. Novia; A Division of C&P   
5. Vibration & Seismic Technologies, LLC 
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6. Vibration Mountings & Controls, Inc. 

B. Seismic-Restraint Cables: ASTM A603 galvanized-steel or ASTM A492 stainless steel 
cables. End connections made of steel assemblies with thimbles, brackets, swivel, and 
bolts designed for seismic-restraining cable service; with fittings attached by means of 
poured socket, swaged socket or mechanical (Flemish eye) loop. 

C. Restraint cable assembly with cable fittings must comply with ASCE/SEI 19. All cable 
fittings and complete cable assembly must maintain the minimum cable breaking force. 
U-shaped cable clips and wedge-type end fittings do not comply and are unacceptable. 

2.9 RESTRAINT ACCESSORIES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. B-line, an Eaton business   
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc.   
4. Novia; A Division of C&P   
5. TOLCO   
6. Vibration & Seismic Technologies, LLC 

B. Hanger-Rod Stiffener: Steel tube or steel slotted-support-system sleeve with internally 
bolted connections or reinforcing steel angle clamped to hanger rod. 

C. Hinged and Swivel Brace Attachments: Multifunctional steel connectors for attaching 
hangers to rigid channel bracings and restraint cables. 

D. Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed for 
rigid equipment mountings, and matched to type and size of anchor bolts and studs. 

E. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene 
elements and steel sleeves designed for rigid equipment mountings, and matched to 
type and size of attachment devices used. 

F. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant 
neoprene, with a flat washer face. 

2.10 POST-INSTALLED CONCRETE ANCHORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. B-line, an Eaton business   
2. Hilti, Inc.   
3. Mason Industries, Inc. 
4. Simpson Strong-Tie Co., Inc. 
5. Unistrut; Atkore International. 

B. Mechanical Anchor Bolts:  
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1. Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for interior 
applications and stainless steel for exterior applications. Select anchor bolts with 
strength for anchor and as tested according to ASTM E488/E488M. 

C. Adhesive Anchor Bolts:  
1. Drilled-in and capsule anchor system containing PVC or urethane methacrylate-

based resin and accelerator, or injected polymer or hybrid mortar adhesive. 
Provide anchor bolts and hardware with zinc-coated steel for interior applications 
and stainless steel for exterior applications. Select anchor bolts with strength 
required for anchor and as tested according to ASTM E488/E488M. 

D. Provide post-installed concrete anchors that have been prequalified for use in wind-
load applications. Post-installed concrete anchors must comply with all requirements of 
ASCE/SEI 7, Ch. 13. 
1. Prequalify post-installed anchors in concrete in accordance with ACI 355.2 or 

other approved qualification testing procedures.  
2. Prequalify post-installed anchors in masonry in accordance with approved 

qualification procedures. 

2.11 CONCRETE INSERTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. B-line, an Eaton business   
2. Hilti, Inc.   
3. Mason Industries, Inc. 
4. Simpson Strong-Tie Co., Inc. 
5. Unistrut; Atkore International. 

B. Provide preset concrete inserts that are seismically prequalified in accordance with 
ICC-ES AC466 testing. 

C. Comply with ANSI/MSS SP-58. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and equipment to receive vibration isolation and seismic-control 
devices for compliance with requirements for installation tolerances and other 
conditions affecting performance of the Work. 

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual 
locations before installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 APPLICATIONS 

A. Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved for 
application by an evaluation service member of ICC-ES, OSHPD or an agency 
acceptable to authorities having jurisdiction. 

B. Hanger-Rod Stiffeners: Install hanger-rod stiffeners where required to prevent buckling 
of hanger rods due to seismic forces. 

C. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select 
sizes of components so strength is adequate to carry present and future static and 
seismic loads within specified loading limits. 

3.3 INSTALLATION OF VIBRATION-CONTROL, WIND-LOAD CONTROL, AND SEISMIC-
RESTRAINT DEVICES 

A. Provide vibration-control devices for systems and equipment where indicated in 
Equipment Schedules or Vibration-Control Devices Schedules, where indicated on 
Drawings, or where Specifications indicate they are to be installed on specific 
equipment and systems. 

B. Provide seismic-restraint and wind-load control devices for systems and equipment 
where indicated in Equipment Schedules or Seismic-Restraint Devices Schedules, 
where indicated on Drawings, where Specifications indicate they are to be installed on 
specific equipment and systems, and where required by applicable codes. 

C. Coordinate location of embedded connection hardware with supported equipment 
attachment and mounting points and with requirements for concrete reinforcement and 
formwork specified in Section 033000 "Cast-in-Place Concrete." 

D. Installation of vibration isolators, wind-load restraints, must not cause any change of 
position of equipment, piping, or ductwork resulting in stresses or misalignment. 

E. Comply with requirements in Section 077200 "Roof Accessories" for installation of roof 
curbs, equipment supports, and roof penetrations. 

F. Equipment Restraints: 
1. Install seismic snubbers on equipment mounted on vibration isolators. Locate 

snubbers as close as possible to vibration isolators and bolt to equipment base 
and supporting structure. 

2. Install resilient bolt isolation washers on equipment anchor bolts where clearance 
between anchor and adjacent surface exceeds 0.125 inch. 

3. Install seismic-restraint, and wind-load-restraint devices using methods approved 
by an evaluation service member of ICC-ES, OSHPD or an agency acceptable to 
authorities having jurisdiction that provides required submittals for component. 

G. Piping Restraints: 
1. Comply with requirements in MSS SP-127. 
2. Space lateral supports a maximum of 40 feet o.c., and longitudinal supports a 

maximum of 80 feet o.c. 
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3. Brace a change of direction longer than 12 feet. 

H. Install seismic- and wind-load-restraint cables so they do not bend across edges of 
adjacent equipment or building structure. 

I. Equipment Bases: 
1. Fill concrete inertia bases, after installing base frame, with 3000-psi concrete; 

trowel to a smooth finish. 
a. Cast-in-place concrete materials and placement requirements are specified 

in Division 3. 
2. Concrete Bases:  Anchor equipment to concrete base according to supported 

equipment manufacturer's written instructions for seismic codes at Project site. 
a. Install dowel rods to connect concrete base to concrete floor.  Unless 

otherwise indicated, install dowel rods on 18-inch centers around the full 
perimeter of the base. 

b. Install epoxy-coated anchor bolts for supported equipment that extend 
through concrete base and anchor into structural concrete floor. 

c. Place and secure anchorage devices.  Use Setting Drawings, templates, 
diagrams, instructions, and directions furnished with items to be 
embedded. 

d. Install anchor bolts to elevations required for proper attachment to 
supported equipment. 

e. Install anchor bolts according to anchor-bolt manufacturer's written 
instructions. 

f. Cast-in-place concrete materials and placement requirements are specified 
in Division 3. 

J. Install seismic-restraint devices using methods approved by an evaluation service 
member of ICC-ES, OSHPD or an agency acceptable to authorities having jurisdiction 
that provides required submittals for component. 

K. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to 
provide resilient media between anchor bolt and mounting hole in concrete base. 

L. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to 
provide resilient media where equipment or equipment-mounting channels are 
attached to wall. 

M. Attachment to Structure: If specific attachment is not indicated, anchor bracing to 
structure at flanges of beams, at upper truss chords of bar joists, or at concrete 
members. 

N. Mechanical Anchor Bolts: 

1. Identify position of reinforcing steel and other embedded items prior to drilling 
holes for anchors. Do not damage existing reinforcing or embedded items during 
coring or drilling. Notify structural engineer if reinforcing steel or other embedded 
items are encountered during drilling. Locate and avoid prestressed tendons, 
electrical and telecommunications conduit, and gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has 
achieved full design strength. 
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3. Wedge-Type Anchor Bolts: Protect threads from damage during anchor 
installation. Heavy-duty sleeve anchors shall be installed with sleeve fully 
engaged in the structural element to which anchor is to be fastened. 

4. Adhesive-Type Anchor Bolts: Clean holes to remove loose material and drilling 
dust prior to installation of adhesive. Place adhesive in holes proceeding from the 
bottom of the hole and progressing toward the surface in such a manner as to 
avoid introduction of air pockets in the adhesive. 

5. Set anchors to manufacturer's recommended torque, using a torque wrench. 
6. Install zinc-coated steel anchors for interior and stainless steel anchors for 

exterior applications. 

3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 

A. Provide flexible connections in piping systems where they cross structural seismic 
joints, expansion joints and other point where differential movement may occur. 
Provide adequate flexibility to accommodate differential movement as determined in 
accordance with ASCE/SEI 7. Comply with requirements in other sections for piping 
flexible connections. 

3.5 ADJUSTING 

A. Adjust isolators after system is at operating weight. 

B. Adjust limit stops on restrained-spring isolators to mount equipment at normal 
operating height. After equipment installation is complete, adjust limit stops so they are 
out of contact during normal operation. 

3.6 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to 
test and inspect components, assemblies, and equipment installations, including 
connections. 

B. Tests and Inspections: 
1. Perform tests and inspections with the assistance of a factory-authorized service 

representative. 
2. Provide evidence of recent calibration of test equipment by a testing agency 

acceptable to authorities having jurisdiction. 
3. Schedule test with Owner, through Architect, before connecting anchorage 

device to restrained component (unless postconnection testing has been 
approved), and with at least seven days' advance notice. 

4. Obtain Architect's approval before transmitting test loads to structure. Provide 
temporary load-spreading members. 

5. Test no fewer than four of each type and size of installed anchors and fasteners 
selected by Architect. 

6. Test to 90 percent of rated proof load of device. 
7. Measure isolator restraint clearance. 
8. Measure isolator deflection. 
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9. Verify snubber minimum clearances. 

C. Remove and replace malfunctioning units and retest as specified above. 

D. Units will be considered defective if they do not pass tests and inspections. 

E. Prepare testing agency test and inspection reports. 

F. Manufacturer’s Inspection: 
1. A representative of the isolation materials manufacturer shall inspect the 

completed system and report in writing any installation errors, improperly 
selected isolation or restraint devices, or other faults that could affect the 
performance of the system.  

2. Contractor shall submit manufacturer's representative’s final report indicating all 
isolation as being properly installed or requiring correction.  If corrections are 
required, include steps to be taken to properly complete the isolation work. 

3.7 VIBRATION ISOLATION AND SEISMIC-RESTRAINT SCHEDULE 

A. Suspended Inline Pumps: 
1. Isolation Type:  Spring Hanger 
2. Deflection:  0.25” 

B. First Four (4) Pipe Hangers near Isolated Equipment: 
1. Isolation Type:  Spring Hanger 
2. Deflection:   

a. Piping 3-inches and smaller:  0.75” 
b. Piping 4-inches to 6-inches:  1.5” 
c. Piping Larger than 6-inches:  2.5” 

END OF SECTION 220548 
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SECTION 220553 - IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Equipment labels. 
2. Pipe labels. 
3. Valve tags. 
4. Underground Warning Labels.  
5. Warning tags. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

B. Equipment Label Schedule: Include a listing of all equipment to be labeled with the 
proposed content for each label. 

C. Pipe Label Schedule: Include a listing of all piping to be labeled with the proposed 
content for each label. 

D. Valve numbering scheme. 

E. Valve Schedules: For each piping system to include in maintenance manuals.  Include 
Service Abbreviation, Number Sequence, Valve Location and Valve Function. 

1.4 QUALITY ASSURANCE 

A. All materials, installation and workmanship shall comply with the applicable 
requirements and standards addressed within the following references: 
1. ANSI / ASME  A13.1: “Scheme for the Identification of Piping Systems” 
2. ANSI Z535.1: “Safety Color Code” 
3. NFPA-99C; CGA C-9-2002 "Standard Industry Color Coding Recommendations 

for Medical Gases." 
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PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Labels for Equipment: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Brady Corporation   
b. Brimar Industries, Inc.   
c. Carlton Industries, LP   
d. Craftmark Pipe Markers   
e. Kolbi Pipe Marker Co.   
f. LEM Products Inc.   
g. Seton Identification Products 

2. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical 
engraving, 1/16 inch thick, and having predrilled holes for attachment hardware. 

3. Letter and Background Color: As indicated for specific application under Part 3. 
4. Maximum Temperature: Able to withstand temperatures up to 160 deg F. 
5. Minimum Label Size: Length and width vary for required label content, but not 

less than 4 by 2-1/2 inch. 
6. Minimum Letter Size: 3/4 inch. 
7. Fasteners: Stainless-steel rivets or self-tapping screws, or double face adhesive. 
8. Adhesive: Contact-type permanent adhesive, compatible with label and with 

substrate. 

B. Label Content: Include equipment's Drawing designation or unique equipment number 
as indicated on the mechanical drawings and schedules. 

2.2 PIPE LABELS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Brady Corporation   
2. Brimar Industries, Inc.   
3. Carlton Industries, LP   
4. Craftmark Pipe Markers   
5. Kolbi Pipe Marker Co.   
6. LEM Products Inc.   
7. Seton Identification Products 

B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with 
lettering indicating service, and showing flow direction. 

C. Pretensioned Pipe Labels: Precoiled, semirigid plastic 
1. For Pipes With an Overall Pipe Diameter of 8” or less:  Formed to cover full 

circumference of pipe and to attach to pipe without fasteners or adhesive. 
2. For Pipes With an Overall Pipe Diameter Larger Than 8”:  Formed to partially 

cover circumference of pipe and to attach to pipe with no less than two nylon 
strap-on fasteners. 
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D. Self-Adhesive Pipe Labels:  
1. For Pipes With an Overall Pipe Diameter of 3/4” or less:  Printed plastic with 

contact-type, permanent-adhesive backing. 

E. Pipe Label Contents: Include identification of piping service using same designations or 
abbreviations as used on Drawings; also include pipe size and an arrow indicating flow 
direction. 
1. Flow-Direction Arrows: Integral with piping-system service lettering to 

accommodate both directions or as separate unit on each pipe label to indicate 
flow direction. 

2. Lettering Size: Size letters according to ASME A13.1 for piping. 

2.3 VALVE TAGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Brady Corporation   
2. Brimar Industries, Inc.   
3. Carlton Industries, LP   
4. Craftmark Pipe Markers   
5. Kolbi Pipe Marker Co.   
6. LEM Products Inc.   
7. Seton Identification Products 

B. Valve Tags: Stamped or engraved with 1/4-inch letters for piping system abbreviation 
and 1/2-inch numbers. 
1. Tag Material: Brass, 1-1/2 diameter, 0.032-inch minimum thickness, and having 

predrilled or stamped holes for attachment hardware.  If necessary, to 
accommodate longer abbreviations or number sequences increase tag size to 2” 
in diameter. 

2. Fasteners: Brass wire-link chain or beaded chain. 

C. Valve Markers:  Engraved phenolic plastic nameplates with 3/4-inch white surface and 
1/4-inch tall black lettering. 
1. Fasteners: Epoxy.  

D. Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate 
valve number, piping system, system abbreviation (as shown on valve tag), location of 
valve (room or space), normal-operating position (open, closed, or modulating), and 
variations for identification. Mark valves for emergency shutoff and similar special uses. 

1. Valve-tag schedule shall be included in operation and maintenance data. 

2.4 WARNING TAGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Brady Corporation   
2. Brimar Industries, Inc.   



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 

IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT 220553 - 4 

3. Carlton Industries, LP   
4. Craftmark Pipe Markers   
5. Kolbi Pipe Marker Co.   
6. LEM Products Inc.   
7. Seton Identification Products 

B. Description: Preprinted or partially preprinted accident-prevention tags of plasticized 
card stock with matte finish suitable for writing. 
1. Size: 3 by 5-1/4 inches minimum. 
2. Fasteners: Brass grommet and wire. 
3. Nomenclature: Large-size primary caption such as "DANGER," "CAUTION," or 

"DO NOT OPERATE." 
4. Color: Safety yellow background with black lettering. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of 
identification devices, including dirt, oil, grease, release agents, and incompatible 
primers, paints, and encapsulants. 

3.2 GENERAL INSTALLATION REQUIREMENTS 

A. Coordinate installation of identifying devices with completion of covering and painting 
of surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 

3.3 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of plumbing equipment. 

B. Locate equipment labels where accessible and visible. 

C. For equipment located above the ceiling, in addition to a label on the equipment, 
equipment markers are to be permanently affixed to the ceiling grid framing as near to 
the item as possible using epoxy glue. Where hard ceilings are used, the label is to be 
affixed to the frame of the access panel for the unit. 

3.4 PIPE COLOR CODING 

A. Paint exposed and insulated piping in finished areas and mechanical rooms.   
1. Finished Areas:  Color shall be the same as the adjacent surface.  Color by 

Architect. 
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2. Mechanical Rooms:  Color shall be the same as the pipe label background color. 
3. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket 

material and finish coat paint. Add fungicidal agent to render fabric mildew proof. 
4. Finish Coat Material: Interior, flat, latex-emulsion size. 

B. Exterior non-insulated piping shall be painted with two coats of rust inhibitive paint.  
Colors shall be approved by the Owner after a sample is provided for each service.  Do 
not paint aluminum jackets.   

C. Do not paint exposed copper piping or galvanized piping. 

D. Do not paint aluminum or stainless-steel jackets. 

E. Painting of piping is specified in Division 09. 

3.5 PIPE LABEL INSTALLATION 

A. Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible 
ceilings in finished spaces; machine rooms; accessible maintenance spaces such as 
shafts, tunnels, crawl spaces and plenums; and exterior exposed locations as follows: 
1. Spaced at maximum intervals of 20 feet along each straight run. 
2. Near each valve and control device. 
3. Near each branch connection, excluding short takeoffs for fixtures and terminal 

units. Where flow pattern is not obvious, mark each pipe at branch. 
4. Near each change in direction. 
5. Above and below every floor penetration and on either side of every wall 

penetration. 
6. At least one pipe marker per pipe in every room. 
7. At access doors, manholes, and similar access points that permit view of 

concealed piping. 
8. Near major equipment items and other points of origination and termination. 
9. On piping above removable acoustical ceilings. Omit intermediately spaced 

labels. 

B. Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes, 
including pipes where flow is allowed in both directions. 

C. Vertical Piping:  Provide strip of adhesive on the inside of pretensioned pipe labels to 
further secure the marker in a permanent position. 

D. Pipe Label Color Schedule: 
1. Domestic Water Piping 

a. Background: Safety green. 
b. Letter Colors: White. 
c. Designation:  COLD WATER, HOT WATER, HOT WATER RECIRC. 

2. Sanitary Waste and Vent Piping: 
a. Background Color: Safety black. 
b. Letter Color: White. 
c. Designation:  SANITARY DRAIN, VENT. 

3. Storm and Overflow Drainage Piping: 
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a. Background Color: Safety black. 
b. Letter Color: White. 
c. Designation:  STORM DRAIN, OVERFLOW DRAIN. 

4. Natural Gas: 
a. Background Color: Safety Yellow. 
b. Letter Color:  Black. 
c. Designation:  NATURAL GAS. 

3.6 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check valves, 
valves within factory-fabricated equipment units, shutoff valves, faucets, convenience 
and lawn-watering hose connections, and similar roughing-in connections of end-use 
fixtures and units. List tagged valves in a valve schedule. 

B. Valve Tags for Shutoff Valves in Medical Gas and Vacuum Systems:  Tag shall contain 
the name or chemical symbol of the specific system, the room served, and a caution to 
not close or open the valve except in emergency. The operating pressure of the gas 
system shall be included on the tag if the system operates at pressures other than the 
standard gauge pressure of 50psi to 55 psi, 15 in to 30 in HgV (Vacuum) or 160-185 
psi (Nitrogen or Instrument Air). 

C. Ceiling valve markers shall be provided for valves above ceilings.  Attach valve marker 
to ceiling grid directly below the valve. 

3.7 WARNING-TAG INSTALLATION 

A. Write required message on, and attach warning tags to, equipment and other items 
where required. 

END OF SECTION 220553 
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SECTION 220593 - TESTING, ADJUSTING, AND BALANCING FOR PLUMBING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. TAB of plumbing equipment: 
2. Pipe-leakage test verification. 
3. Testing, adjusting, and balancing of existing plumbing systems and equipment. 

1.3 DEFINITIONS 

A. AABC: Associated Air Balance Council. 

B. NEBB: National Environmental Balancing Bureau. 

C. TAB: Testing, adjusting, and balancing. 

D. TABB: Testing, Adjusting, and Balancing Bureau. 

E. TAB Specialist: An independent entity meeting qualifications to perform TAB work. 

F. TDH: Total dynamic head. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: Submit documentation that the TAB specialist and this Project's 
TAB team members meet the qualifications specified in "Quality Assurance" Article. 

B. Contract Documents Examination Report: Submit the Contract Documents review 
report as specified in Part 3. 

C. System Readiness Checklists: Submit system readiness checklists as specified in 
"Preparation" Article. 

D. Examination Report: Submit a summary report of the examination review required in 
"Examination" Article.   

E. Certified TAB reports. 
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F. Sample report forms. 

G. Instrument calibration reports, to include the following: 
1. Instrument type and make. 
2. Serial number. 
3. Application. 
4. Dates of use. 
5. Dates of calibration. 

1.5 QUALITY ASSURANCE 

A. TAB Specialists Qualifications: Certified by AABC or NEBB. 
1. TAB Field Supervisor: Employee of the TAB specialist and certified by AABC or 

NEBB. 
2. TAB Technician: Employee of the TAB specialist and certified by AABC or NEBB 

as a TAB technician. 

B. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements 
in ASHRAE 111, Section 4, "Instrumentation." 

C. ASHRAE 188 Compliance: Comply with balancing and report requirements, 
Section 8.3 "Balancing." 

D. Code and Authorities Having Jurisdiction Compliance: TAB is required to comply with 
governing codes and requirements of authorities having jurisdiction. 

1.6 COORDINATION 

A. Coordinate the efforts of factory-authorized service representatives for systems and 
equipment, BAS provider, and other mechanics to operate plumbing systems and 
equipment to support and assist TAB activities. 

B. Coordinate efforts with the project Commissioning Agent.  Refer to commissioning 
specifications for additional information. 

C. Notice: Provide seven days' advance notice for each test. Include scheduled test dates 
and times. 

D. Perform TAB after leakage and pressure tests on air and water distribution systems 
have been satisfactorily completed. 

1.7 FIELD CONDITIONS 

A. Full Owner Occupancy: Owner will occupy the site and existing building during entire 
TAB period. Cooperate with Owner during TAB operations to minimize conflicts with 
Owner's operations. 
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B. Partial Owner Occupancy: Owner may occupy completed areas of building before 
Substantial Completion. Cooperate with Owner during TAB operations to minimize 
conflicts with Owner's operations. 

1.8 WARRANTY 

A. Performance Warranty:   
1. If AABC standards are used, provide a warranty on AABC's "National Standards 

for Testing and Balancing Heating, Ventilating, and Air Conditioning Systems" 
forms stating that AABC will assist in completing requirements of the Contract 
Documents if TAB firm fails to comply with the Contract Documents.   

2. If NEBB standards are used, provide a guarantee on NEBB forms stating that 
NEBB will assist in completing requirements of the Contract Documents if TAB 
firm fails to comply with the Contract Documents.   

B. Warranty includes the following provisions: 
1. The certified TAB firm has tested and balanced systems according to the 

Contract Documents. 
2. Systems are balanced to optimum performance capabilities within design and 

installation limits. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 TAB SPECIALISTS 

A. Subject to compliance with requirements, available TAB specialists that may be 
engaged include, but are not limited to, the following: 
1. Carolina Air & Water Balancing Company, Inc. 
2. Hall Technology, Inc. 
3. KLG Jones, LLC. 
4. Palmetto Air & Water Balance, Inc. 

3.2 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to 
discover conditions in systems designs that may preclude proper TAB of systems and 
equipment. 

B. Examine installed systems for balancing valves and fittings. Verify that locations of 
these balancing devices are applicable for intended purpose and are accessible. 

C. Examine approved submittals for plumbing systems and equipment. 

D. Examine design data, including plumbing system descriptions. 
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E. Examine equipment performance data. 
1. Relate performance data to Project conditions and requirements. 

F. Examine system and equipment installations. 

G. Examine operating safety interlocks and controls on plumbing equipment. 

H. Report deficiencies discovered before and during performance of TAB procedures. 
Observe and record system reactions to changes in conditions. Record default set 
points if different from indicated values. 

3.3 PREPARATION 

A. Prepare a TAB plan that includes the following: 
1. Strategies and step-by-step procedures for balancing the systems. 
2. Instrumentation to be used. 
3. Sample forms with specific identification for all equipment. 

B. Perform system-readiness checks of plumbing systems and equipment to verify system 
readiness for TAB work. Include, at a minimum, the following: 
1. Domestic Water System: 

a. Verify leakage and pressure tests on water distribution systems have been 
satisfactorily completed in accordance with applicable code and authority 
having jurisdiction. 

b. Water heaters are installed and functioning. 
c. Piping is complete and all points of outlet are installed. 
d. Water treatment is complete. 
e. Systems are flushed, filled, and air purged. 
f. Strainers are clean. 
g. Shutoff and balance valves are 100 percent open. 
h. Suitable access to balancing devices and equipment is provided. 

3.4 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system in accordance with the 
procedures contained in ASHRAE 111 and in this Section. 

B. Cut insulation, pipes, and equipment casings for installation of test probes to the 
minimum extent necessary for TAB procedures. 
1. Where holes for probes are required in piping or equipment, install pressure and 

temperature test plugs to seal systems. 
2. Install and join new insulation that matches removed materials. Restore 

insulation, coverings, vapor barrier, and finish in accordance with Section 220700 
“Plumbing Insulation." 

C. Mark equipment and balancing devices, including valve position indicators and similar 
controls and devices, with paint or other suitable, permanent identification material to 
show final settings. 
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D. Take and report testing and balancing measurements in inch-pound (IP) units. 

3.5 GENERAL PROCEDURES FOR PLUMBING EQUIPMENT 

A. Test, adjust, and balance plumbing equipment indicated on Drawings, including, but 
not limited to, the following: 

3.6 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING 
SYSTEMS 

A. Perform a preconstruction inspection of existing equipment that is to remain and be 
reused. 
1. Measure and record flows, temperatures, and pressures of each piece of 

equipment. Compare the values to design or nameplate information, where 
information is available. 

2. Measure motor voltage and amperage. Compare the values to motor nameplate 
information. 

3. Check the condition of filters. 
4. Check bearings and other lubricated parts for proper lubrication. 
5. Report on the operating condition of the equipment and the results of the 

measurements taken. Report deficiencies. 

B. TAB After Construction: Before performing testing and balancing of renovated existing 
systems, inspect existing equipment that is to remain and be reused to verify that 
existing equipment has been cleaned and refurbished in accordance with renovation 
scope indicated by Contract Documents. Verify the following: 
1. New filters are installed. 
2. Bearings and other parts are properly lubricated. 
3. Deficiencies noted in the preconstruction report are corrected. 

C. Perform testing and balancing of existing systems to the extent that existing systems 
are affected by the renovation work. 
1. Compare the indicated system flows of the renovated work to the measured 

flows and determine the new pump speed. 
2. Verify that the indicated system flows of the renovated work result in velocities 

and pump speeds that are within the acceptable limits defined by equipment 
manufacturer. 

3. If calculations increase or decrease the system flow rates by more than 5 
percent, make equipment adjustments to achieve the calculated rates. If increase 
or decrease is 5 percent or less, equipment adjustments are not required. 

3.7 TOLERANCES 

A. Set plumbing system's flow rates within the following tolerances: 
1. Domestic Hot-Water Rate: Plus 10 percent. 
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3.8 FINAL REPORT 

A. General: Prepare a certified written report; tabulate and divide the report into separate 
sections for tested systems and balanced systems. 
1. Include a certification sheet at the front of the report's binder, signed and sealed 

by the certified testing and balancing engineer. 
2. Include a list of instruments used for procedures, along with proof of calibration. 
3. Certify validity and accuracy of field data. 

B. Final Report Contents: In addition to certified field-report data, include the following: 
1. Manufacturers' test data. 
2. Field test reports prepared by system and equipment installers. 
3. Other information relative to equipment performance; do not include Shop 

Drawings and Product Data. 

C. General Report Data: In addition to form titles and entries, include the following data: 
1. Title page. 
2. Name and address of the TAB specialist. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of TAB supervisor who certifies the report. 
10. Table of Contents with the total number of pages defined for each section of the 

report. Number each page in the report. 
11. Summary of contents, including the following: 

a. Indicated versus final performance. 
b. Notable characteristics of systems. 
c. Description of system operation sequence if it varies from the Contract 

Documents. 
12. Nomenclature sheets for each item of equipment. 
13. Notes to explain why certain final data in the body of reports vary from indicated 

values. 

D. System Diagrams: Include schematic layouts of distribution systems. Present each 
system with single-line diagram and include the following: 
1. Flow rates. 
2. Pipe and valve sizes and locations. 
3. Balancing stations. 
4. Position of balancing devices. 

E. Instrument Calibration Reports: 
1. Report Data: 

a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 
e. Dates of calibration. 
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3.9 VERIFICATION OF TAB REPORT 

A. The TAB specialist's test and balance engineer shall conduct the inspection in the 
presence of the Architect, Owner’s representative, or Commissioning authority. 

B. Architect, Owner’s representative, or Commissioning authority shall randomly select 
measurements, documented in the final report, to be rechecked. Rechecking shall be 
limited to either 10 percent of the total measurements recorded or the extent of 
measurements that can be accomplished in a normal 8-hour business day. 

C. If rechecks yield measurements that differ from the measurements documented in the 
final report by more than the tolerances allowed, the measurements shall be noted as 
"FAILED." 

D. If the number of "FAILED" measurements is greater than 10 percent of the total 
measurements checked during the final inspection, the testing and balancing shall be 
considered incomplete and shall be rejected. 

E. If TAB work fails, proceed as follows: 
1. TAB specialists shall recheck all measurements and make adjustments. Revise 

the final report and balancing device settings to include all changes; resubmit the 
final report and request a second final inspection. 

2. If the second final inspection also fails, Owner may contract the services of 
another TAB specialist to complete TAB work according to the Contract 
Documents and deduct the cost of the services from the original TAB specialist's 
final payment. 

F. Prepare test and inspection reports. 

END OF SECTION 220593 
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SECTION 220700 - PLUMBING INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes insulation for the following plumbing services: 
1. Plumbing equipment. 
2. Plumbing piping. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. Include thermal conductivity, water-
vapor permeance thickness, and jackets (both factory- and field-applied, if any). 

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other 
work. 
1. Detail application of protective shields, saddles, and inserts at hangers for each 

type of insulation and hanger. 
2. Detail attachment and covering of heat tracing inside insulation. 
3. Detail insulation application at pipe expansion joints for each type of insulation. 
4. Detail insulation application at elbows, fittings, flanges, valves, and specialties for 

each type of insulation. 
5. Detail removable insulation at piping specialties, equipment connections, and 

access panels. 
6. Detail removable insulation at equipment connections and access panels.  
7. Detail application of field-applied jackets. 
8. Detail application at linkages of control devices. 
9. Detail field application for each equipment type. 

C. Samples: 
1. Manufacturer's Color Charts: For products where color is specified, show the full 

range of colors available for each type of finish material. 

1.4 QUALITY ASSURANCE 

A. Surface-Burning Characteristics: For insulation and related materials, as determined by 
testing identical products according to ASTM E 84 by a testing agency acceptable to 
authorities having jurisdiction. Factory label insulation and jacket materials and 
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adhesive, mastic, tapes, and cement material containers, with appropriate markings of 
applicable testing agency. 
1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-

developed index of 50 or less. 
2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-

developed index of 150 or less. 

B. Mockups: Before installing insulation, build mockups for each type of insulation and 
finish listed below to demonstrate quality of insulation application and finishes. Build 
mockups in the location indicated or, if not indicated, as directed by Architect. Use 
materials indicated for the completed Work. 
1. Piping Mockups: 

a. One 10-foot section of NPS 2 straight pipe. 
b. One each of a 90-degree threaded, welded, and flanged elbow. 
c. One each of a threaded, welded, and flanged tee fitting. 
d. One NPS 2 or smaller valve, and one NPS 2-1/2 or larger valve. 
e. Four support hangers including hanger shield and insert. 
f. One threaded strainer and one flanged strainer with removable portion of 

insulation. 
g. One threaded reducer and one welded reducer. 
h. One pressure temperature tap. 
i. One mechanical coupling. 

2. Equipment Mockups: One tank or vessel. 
3. For each mockup, fabricate cutaway sections to allow observation of application 

details for insulation materials, adhesives, mastics, attachments, and jackets. 
4. Notify Architect seven days in advance of dates and times when mockups will be 

constructed. 
5. Obtain Architect's approval of mockups before starting insulation application. 
6. Approval of mockups does not constitute approval of deviations from the 

Contract Documents contained in mockups unless Architect specifically approves 
such deviations in writing. 

7. Maintain mockups during construction in an undisturbed condition as a standard 
for judging the completed Work. 

8. Demolish and remove mockups when directed. 

C. Comply with the following applicable codes and standards and other requirements 
specified for miscellaneous components: 
1. ICC - International Energy Conservation Code (ICC-IECC) 
2. ANSI/ASHRAE/IES Standard 90.1-2016 -- Energy Standard for Buildings Except 

Low-Rise Residential Buildings  
3. Supply and Drain Protective Shielding Guards: ICC A117.1. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging: Insulation material containers shall be marked by manufacturer with 
appropriate ASTM standard designation, type and grade, and maximum use 
temperature. 
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1.6 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields. 

B. Coordinate clearance requirements with piping Installer for piping insulation 
application. Before preparing piping Shop Drawings, establish and maintain clearance 
requirements for installation of insulation and field-applied jackets and finishes and for 
space required for maintenance. 

C. Coordinate installation and testing of heat tracing. 

1.7 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, 
after installing and testing heat tracing. Insulation application may begin on segments 
that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in PART 3 - EXECUTION articles for where insulating 
materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable chloride 
content of less than 50 ppm when tested according to ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the 
manufacturing process. 

F. Cellular Glass: Inorganic, incombustible, foamed or cellulated glass with annealed, 
rigid, hermetically sealed cells. Factory-applied jacket requirements are specified in 
"Factory-Applied Jackets" Article. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Pittsburgh Corning Corporation 

2. Block Insulation: ASTM C 552, Type I. 
3. Special-Shaped Insulation: ASTM C 552, Type III. 
4. Preformed Pipe Insulation with Factory-Applied ASJ or ASJ-SSL: Comply with 

ASTM C 552, Type II, Class 2. 
5. Factory fabricate shapes according to ASTM C 450 and ASTM C 585. 
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G. Flexible Elastomeric Insulation: Closed-cell, sponge- or expanded-rubber materials. 
Comply with ASTM C 534, Type I for tubular materials. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Aeroflex USA, Inc.   
b. Armacell LLC   
c. K-Flex USA 

H. Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting 
resin. Comply with ASTM C 553, Type II and ASTM C 1290, Type I. Factory-applied 
jacket requirements are specified in "Factory-Applied Jackets" Article. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. CertainTeed Corporation   
b. Johns Manville; a Berkshire Hathaway company 
c. Knauf Insulation   
d. Manson Insulation Inc.   
e. Owens Corning 

I. Mineral-Fiber, Preformed Pipe Insulation: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Johns Manville; a Berkshire Hathaway company 
b. Knauf Insulation   
c. Manson Insulation Inc.   
d. Owens Corning 

2. Type I, 850 Deg F Materials: Mineral or glass fibers bonded with a thermosetting 
resin. Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ or 
ASJ-SSL. Factory-applied jacket requirements are specified in "Factory-Applied 
Jackets" Article. 

J. Mineral-Fiber, Pipe and Tank Insulation: Mineral or glass fibers bonded with a 
thermosetting resin. Semirigid board material with factory-applied ASJ complying with 
ASTM C 1393, Type II or Type IIIA Category 2, or with properties similar to ASTM C 
612, Type IB. Nominal density is 2.5 lb/cu. ft. or more. Thermal conductivity (k-value) at 
100 deg F is 0.29 Btu x in./h x sq. ft. x deg F or less. Factory-applied jacket 
requirements are specified in "Factory-Applied Jackets" Article. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. CertainTeed Corporation   
b. Johns Manville; a Berkshire Hathaway company 
c. Knauf Insulation   
d. Manson Insulation Inc.   
e. Owens Corning 

2.2 INSULATING CEMENTS 

A. Mineral-Fiber Insulating Cement: Comply with ASTM C 195. 
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B. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with 
ASTM C 449. 

2.3 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for 
bonding insulation to itself and to surfaces to be insulated, unless otherwise indicated. 

B. For indoor applications, use adhesives that have a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

C. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Aeroflex USA, Inc.   
2. Armacell LLC   
3. Childers Brand; H. B. Fuller Construction Products 
4. Dow Corning Corporation 
5. Eagle Bridges - Marathon Industries 
6. Foster Brand; H. B. Fuller Construction Products. 
7. Johns Manville; a Berkshire Hathaway company 
8. K-Flex USA 
9. P.I.C. Plastics, Inc.   
10. Mon-Eco Industries, Inc.  
11. Speedline Corporation 
12. Vimasco Corporation. 

D. Calcium Silicate Adhesive: Fibrous, sodium-silicate-based adhesive with a service 
temperature range of 50 to 800 deg F. 

E. Cellular-Glass Adhesive: Two-component, thermosetting urethane adhesive containing 
no flammable solvents, with a service temperature range of minus 100 to plus 200 
deg F. 

F. Flexible Elastomeric Adhesive: Comply with MIL-A-24179A, Type II, Class I. 

G. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A. 

H. ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, 
Grade A for bonding insulation jacket lap seams and joints. 

I. PVC Jacket Adhesive: Compatible with PVC jacket. 

2.4 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply 
with MIL-PRF-19565C, Type II. 

B. For indoor applications, use mastics that have a VOC content of 420 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
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C. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Childers Brand; H. B. Fuller Construction Products 
2. Eagle Bridges - Marathon Industries 
3. Foster Brand; H. B. Fuller Construction Products. 
4. Knauf Insulation   
5. Mon-Eco Industries, Inc. 
6. Vimasco Corporation 

D. Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services. 
1. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil 

dry film thickness. 
2. Service Temperature Range: Minus 20 to plus 180 deg F. 
3. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight. 
4. Color: White. 

E. Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient 
services. 
1. Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film 

thickness. 
2. Service Temperature Range: Minus 20 to plus 180 deg F. 
3. Solids Content: 60 percent by volume and 66 percent by weight. 
4. Color: White. 

2.5 LAGGING ADHESIVES 

A. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Childers Brand; H. B. Fuller Construction Products 
2. Foster Brand; H. B. Fuller Construction Products. 
3. Vimasco Corporation 

C. Description: Comply with MIL-A-3316C, Class I, Grade A, and shall be compatible with 
insulation materials, jackets, and substrates. 
1. Fire-resistant, water-based lagging adhesive and coating for use indoors to 

adhere fire-resistant lagging cloths over pipe insulation. 
2. Service Temperature Range: 0 to plus 180 deg F. 
3. Color: White. 

2.6 SEALANTS 

A. Use sealants that have a VOC content of 420 g/L or less when calculated according to 
40 CFR 59, Subpart D (EPA Method 24) 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
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1. Childers Brand; H. B. Fuller Construction Products 
2. Eagle Bridges - Marathon Industries 
3. Foster Brand; H. B. Fuller Construction Products. 
4. Knauf Insulation   
5. Mon-Eco Industries, Inc. 
6. Pittsburgh Corning Corporation 
7. Vimasco Corporation 

C. Joint Sealants for Cellular-Glass Products: 
1. Materials shall be compatible with insulation materials, jackets, and substrates. 
2. Permanently flexible, elastomeric sealant. 
3. Service Temperature Range: Minus 100 to plus 300 deg F. 
4. Color: White or gray. 

D. FSK and Metal Jacket Flashing Sealants: 
1. Materials shall be compatible with insulation materials, jackets, and substrates. 
2. Fire- and water-resistant, flexible, elastomeric sealant. 
3. Service Temperature Range: Minus 40 to plus 250 deg F. 
4. Color: Aluminum. 

E. ASJ Flashing Sealants and PVC Jacket Flashing Sealants: 
1. Materials shall be compatible with insulation materials, jackets, and substrates. 
2. Fire- and water-resistant, flexible, elastomeric sealant. 
3. Service Temperature Range: Minus 40 to plus 250 deg F. 
4. Color: White. 

2.7 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications. 
When factory-applied jackets are indicated, comply with the following: 

1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 
complying with ASTM C 1136, Type I. 

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive 
covered by a removable protective strip; complying with ASTM C 1136, Type I. 

3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 
complying with ASTM C 1136, Type II. 

2.8 FIELD-APPLIED CLOTHS 

A. Woven Glass-Fiber Fabric: Comply with MIL-C-20079H, Type I, plain weave, and 
presized a minimum of 8 oz./sq. yd.. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Alpha Associates, Inc 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

PLUMBING INSULATION 220700 - 8 

2.9 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise 
indicated. 

B. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 
Class 16354-C; 30 mils thick; roll stock ready for shop or field cutting and forming. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Johns Manville; a Berkshire Hathaway company 
b. P.I.C. Plastics, Inc.   
c. Proto Corporation   
d. Speedline Corporation 

2. Adhesive: As recommended by jacket material manufacturer. 
3. Color: White 
4. Factory-fabricated fitting covers to match jacket if available; otherwise, field 

fabricate. 
a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, 

flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical 
joints, and P-trap and supply covers for lavatories. 

C. Metal Jacket: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. ITW Insulation Systems; Illinois Tool Works, Inc. 
b. RPR Products, Inc. 

2. Aluminum Jacket: Comply with ASTM B 209, ASTM C 1729, Alloy 3003, 3005, 
3105, or 5005, Temper H-14. 
a. Factory cut and rolled to size. 
b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Indoor Applications: 1-mil- thick, heat-bonded 

polyethylene and kraft paper. 
d. Moisture Barrier for Outdoor Applications: 3-mil- thick, heat-bonded 

polyethylene and kraft paper. 
e. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius 

elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are 

not available. 

3. Stainless-Steel Jacket: ASTM A 167 or ASTM A 240/A 240M. 
a. Factory cut and rolled to size. 
b. Material, finish, and thickness are indicated in field-applied jacket 

schedules. 
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c. Moisture Barrier for Indoor Applications: 1-mil- thick, heat-bonded 
polyethylene and kraft paper. 

d. Moisture Barrier for Outdoor Applications: 3-mil- thick, heat-bonded 
polyethylene and kraft paper. 

e. Factory-Fabricated Fitting Covers: 
1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius 

elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are 

not available. 

D. Underground Direct-Buried Jacket: 125-mil- thick vapor barrier and waterproofing 
membrane consisting of a rubberized bituminous resin reinforced with a woven-glass 
fiber or polyester scrim and laminated aluminum foil. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Pittsburgh Corning Corporation 
b. Polyguard Products, Inc 

E. Self-Adhesive Outdoor Jacket: 60-mil- thick, laminated vapor barrier and waterproofing 
membrane for installation over insulation located aboveground outdoors; consisting of 
a rubberized bituminous resin on a cross-laminated polyethylene film covered with 
white aluminum-foil facing. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Polyguard Products, Inc. 

2. Warranty:  Minimum 10-year warranty that water will not leak directly through 
membrane as a result of deterioration of the membrane caused by ordinary wear 
and tear. 

2.10 TAPES 

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive, complying with ASTM C 1136. 
1. Width: 3 inches. 
2. Thickness: 11.5 mils. 
3. Adhesion: 90 ounces force/inch in width. 
4. Elongation: 2 percent. 
5. Tensile Strength: 40 lbf/inch in width. 
6. ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape. 

B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive; complying with ASTM C 1136. 
1. Width: 3 inches. 
2. Thickness: 6.5 mils. 
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3. Adhesion: 90 ounces force/inch in width. 
4. Elongation: 2 percent. 
5. Tensile Strength: 40 lbf/inch in width. 
6. FSK Tape Disks and Squares: Precut disks or squares of FSK tape. 

C. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic 
adhesive; suitable for indoor and outdoor applications. 
1. Width: 2 inches. 
2. Thickness: 6 mils. 
3. Adhesion: 64 ounces force/inch in width. 
4. Elongation: 500 percent. 
5. Tensile Strength: 18 lbf/inch in width. 

D. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive. 
1. Width: 2 inches. 
2. Thickness: 3.7 mils. 
3. Adhesion: 100 ounces force/inch in width. 
4. Elongation: 5 percent. 
5. Tensile Strength: 34 lbf/inch in width. 

2.11 SECUREMENTS 

A. Bands: 
1. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 

0.015 inch thick, 1/2 inch wide with wing seal. 
2. Aluminum: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 

inch thick, 1/2 inch wide with wing seal. 

B. Insulation Pins and Hangers: 
1. Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully annealed 

for capacitor-discharge welding, 0.106-inch diameter shank, length to suit depth 
of insulation indicated. 

2. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, 
fully annealed for capacitor-discharge welding, 0.106-inch diameter shank, length 
to suit depth of insulation indicated with integral 1-1/2-inch galvanized carbon-
steel washer. 

3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate 
welded to projecting spindle that is capable of holding insulation, of thickness 
indicated, securely in position indicated when self-locking washer is in place. 
a. Baseplate: Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 2 

inches square. 
b. Spindle: Aluminum, 0.106-inch- diameter shank, length to suit depth of 

insulation indicated. 
c. Adhesive: Recommended by hanger manufacturer. Product with 

demonstrated capability to bond insulation hanger securely to substrates 
indicated without damaging insulation, hangers, and substrates. 

4. Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate 
fastened to projecting spindle that is capable of holding insulation, of thickness 
indicated, securely in position indicated when self-locking washer is in place. 
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a. Baseplate: Perforated, nylon sheet, 0.030 inch thick by 1-1/2 inches in 
diameter. 

b. Spindle: Nylon, 0.106-inch- diameter shank, length to suit depth of 
insulation indicated, up to 2-1/2 inches. 

c. Adhesive: Recommended by hanger manufacturer. Product with 
demonstrated capability to bond insulation hanger securely to substrates 
indicated without damaging insulation, hangers, and substrates. 

5. Self-Sticking-Base Insulation Hangers: Baseplate welded to projecting spindle 
that is capable of holding insulation, of thickness indicated, securely in position 
indicated when self-locking washer is in place. 
a. Baseplate: Galvanized carbon-steel sheet, 0.030 inch thick by 2 inches 

square. 
b. Spindle: Aluminum, 0.106-inch- diameter shank, length to suit depth of 

insulation indicated. 
c. Adhesive-backed base with a peel-off protective cover. 

6. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- 
thick, aluminum sheet, with beveled edge sized as required to hold insulation 
securely in place but not less than 1-1/2 inches in diameter. 
a. Protect ends with capped self-locking washers incorporating a spring steel 

insert to ensure permanent retention of cap in exposed locations. 
7. Nonmetal Insulation-Retaining Washers: Self-locking washers formed from 

0.016-inch- thick nylon sheet, with beveled edge sized as required to hold 
insulation securely in place but not less than 1-1/2 inches in diameter. 

C. Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or 
Monel. 

D. Wire: 0.062-inch soft-annealed, stainless steel. 

2.12 CORNER ANGLES 

A. PVC Corner Angles: 30 mils thick, minimum 1 by 1 inch, PVC according to 
ASTM D 1784, Class 16354-C. White or color-coded to match adjacent surface. 

B. Aluminum Corner Angles: 0.040 inch thick, minimum 1 by 1 inch, aluminum according 
to ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14. 

C. Stainless-Steel Corner Angles: 0.024 inch thick, minimum 1 by 1 inch, stainless steel 
according to ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316. 

2.13 PROTECTIVE SHIELDING GUARDS 

A. Protective Shielding Pipe Covers: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Buckaroos, Inc.   
b. Engineered Brass Company   
c. Insul-Tect Products Co.   
d. McGuire Manufacturing   
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e. Oatey 
f. Plumberex Specialty Products, Inc. 
g. Truebro   
h. Zurn Industries, LLC 

2. Description: Manufactured plastic wraps for covering plumbing fixture hot- and 
cold-water supplies and trap and drain piping. Comply with Americans with 
Disabilities Act (ADA) requirements. 

B. Protective Shielding Piping Enclosures: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Truebro   
b. Zurn Industries, LLC 

2. Description: Manufactured plastic enclosure for covering plumbing fixture hot- 
and cold-water supplies and trap and drain piping. Comply with ADA 
requirements. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation 
tolerances and other conditions affecting performance of insulation application. 

1. Verify that systems and equipment to be insulated have been tested and are free 
of defects. 

2. Verify that surfaces to be insulated are clean and dry. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials 
that will adversely affect insulation application. 
1. For exterior, above-grade piping:  Before insulating, apply a corrosion coating to 

insulated surfaces as follows: 
a. Stainless Steel: Coat 300 series stainless steel with an epoxy primer 5 mils 

thick and an epoxy finish 5 mils thick if operating in a temperature range 
between 140 and 300 deg F. Consult coating manufacturer for appropriate 
coating materials and application methods for operating temperature range. 

b. Carbon Steel: Coat carbon steel operating at a service temperature 
between 32 and 300 deg F with an epoxy coating. Consult coating 
manufacturer for appropriate coating materials and application methods for 
operating temperature range. 

B. Coordinate insulation installation with the trade installing heat tracing. Comply with 
requirements for heat tracing that apply to insulation. 
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C. Mix insulating cements with clean potable water; if insulating cements are to be in 
contact with stainless-steel surfaces, use demineralized water. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even 
surfaces; free of voids throughout the length of equipment and piping including fittings, 
valves, and specialties. 

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses 
required for each item of pipe system as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service. 
Install accessories that do not corrode, soften, or otherwise attack insulation or jacket 
in either wet or dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and 
specialties. 

G. Keep insulation materials dry during application and finishing. 

H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints 
with adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at 
hangers, supports, anchors, and other projections with vapor-barrier mastic. 

1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on 

anchor legs from point of attachment to supported item to point of attachment to 
structure. Taper and seal ends at attachment to structure with vapor-barrier 
mastic. 

3. Install insert materials and install insulation to tightly join the insert. Seal 
insulation to insulation inserts with adhesive or sealing compound recommended 
by insulation material manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation. Install 
shields over jacket, arranged to protect jacket from tear or puncture by hanger, 
support, and shield. 

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate 
and wet and dry film thicknesses. 

L. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth. 
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2. Cover circumferential joints with 3-inch- wide strips, of same material as 
insulation jacket. Secure strips with adhesive and outward clinching staples along 
both edges of strip, spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with 
longitudinal seams at bottom of pipe. Clean and dry surface to receive self-
sealing lap. Staple laps with outward clinching staples along edge at 2 inches 
o.c. 
a. For below-ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape, according to insulation material manufacturer's 
written instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and 
joints and at ends adjacent to pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its 
nominal thickness. 

N. Finish installation with systems at operating conditions. Repair joint separations and 
cracking due to thermal movement. 

O. Repair damaged insulation facings by applying same facing material over damaged 
areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and 
seal patches similar to butt joints. 

P. For above-ambient services, do not install insulation to the following: 
1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
6. Cleanouts. 

3.4 PENETRATIONS 

A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof 
penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof 

surface and seal with joint sealant. For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends. Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below 
top of roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

B. Insulation Installation at Underground Exterior Wall Penetrations: Terminate insulation 
flush with sleeve seal. Seal terminations with flashing sealant. 

C. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation 
continuously through wall penetrations. 
1. Seal penetrations with flashing sealant. 
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2. For applications requiring only indoor insulation, terminate insulation inside wall 
surface and seal with joint sealant. For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends. Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing 
at least 2 inches. 

4. Seal jacket to wall flashing with flashing sealant. 

D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire 
Rated): Install insulation continuously through walls and partitions. 

E. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation 
continuously through penetrations of fire-rated walls and partitions. 
1. Comply with requirements in Section 078413 "Penetration Firestopping" for 

firestopping and fire-resistive joint sealers. 

F. Insulation Installation at Floor Penetrations: 
1. Pipe: Install insulation continuously through floor penetrations. 
2. Seal penetrations through fire-rated assemblies. Comply with requirements in 

Section 078413 "Penetration Firestopping." 

3.5 INSTALLATION OF PIPE INSULATION 

A. Requirements in this article generally apply to all insulation materials except where 
more specific requirements are specified in various pipe insulation material installation 
articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 

1. Install insulation over fittings, valves, strainers, flanges, unions, and other 
specialties with continuous thermal and vapor-retarder integrity unless otherwise 
indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made 
from same material and density as adjacent pipe insulation. Each piece shall be 
butted tightly against adjoining piece and bonded with adhesive. Fill joints, 
seams, voids, and irregular surfaces with insulating cement finished to a smooth, 
hard, and uniform contour that is uniform with adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of 
same material and thickness as used for adjacent pipe. Cut sectional pipe 
insulation to fit. Butt each section closely to the next and hold in place with tie 
wire. Bond pieces with adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe. Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker. For valves, insulate up to 
and including the bonnets, valve stuffing-box studs, bolts, and nuts. Fill joints, 
seams, and irregular surfaces with insulating cement. 

5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe. Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
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insulation, or one pipe diameter, whichever is thicker. Fill joints, seams, and 
irregular surfaces with insulating cement. Insulate strainers so strainer basket 
flange or plug can be easily removed and replaced without damaging the 
insulation and jacket. Provide a removable reusable insulation cover. For below-
ambient services, provide a design that maintains vapor barrier. 

6. Insulate flanges and unions using a section of oversized preformed pipe 
insulation. Overlap adjoining pipe insulation by not less than two times the 
thickness of pipe insulation, or one pipe diameter, whichever is thicker. 

7. Cover segmented insulated surfaces with a layer of finishing cement and coat 
with a mastic. Install vapor-barrier mastic for below-ambient services and a 
breather mastic for above-ambient services. Reinforce the mastic with fabric-
reinforcing mesh. Trowel the mastic to a smooth and well-shaped contour. 

8. For services not specified to receive a field-applied jacket except for flexible 
elastomeric, install fitted PVC cover over elbows, tees, strainers, valves, flanges, 
and unions. Terminate ends with PVC end caps. Tape PVC covers to adjoining 
insulation facing using PVC tape. 

9. Stencil or label the outside insulation jacket of each union with the word "union." 
Match size and color of pipe labels. 

C. Insulate instrument connections for thermometers, pressure gages, pressure 
temperature taps, test connections, flow meters, sensors, switches, and transmitters on 
insulated pipes. Shape insulation at these connections by tapering it to and around the 
connection with insulating cement and finish with finishing cement, mastic, and flashing 
sealant. 

D. Install removable insulation covers at locations indicated or required for maintenance. 
Installation shall conform to the following: 

1. Make removable flange and union insulation from sectional pipe insulation of 
same thickness as that on adjoining pipe. Install same insulation jacket as 
adjoining pipe insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend 
insulation from flanges or union long at least two times the insulation thickness 
over adjacent pipe insulation on each side of flange or union. Secure flange 
cover in place with stainless-steel or aluminum bands. Select band material 
compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges, 
except divide the two-part section on the vertical center line of valve body. 

4. When covers are made from block insulation, make two halves, each consisting 
of mitered blocks wired to stainless-steel fabric. Secure this wire frame, with its 
attached insulation, to flanges with tie wire. Extend insulation at least 2 inches 
over adjacent pipe insulation on each side of valve. Fill space between flange or 
union cover and pipe insulation with insulating cement. Finish cover assembly 
with insulating cement applied in two coats. After first coat is dry, apply and 
trowel second coat to a smooth finish. 

3.6 INSTALLATION OF CELLULAR-GLASS INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 
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1. Secure each layer of insulation to pipe with wire or bands and tighten bands 
without deforming insulation materials. 

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 
protrusions with vapor-barrier mastic and joint sealant. 

3. For insulation with factory-applied jackets on above-ambient services, secure 
laps with outward clinched staples at 6 inches o.c. 

4. For insulation with factory-applied jackets on below-ambient services, do not 
staple longitudinal tabs. Instead, secure tabs with additional adhesive as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 
1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of cellular-
glass block insulation of same thickness as pipe insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap 
seams at least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install preformed sections of same material as straight segments of pipe 

insulation when available. Secure according to manufacturer's written 
instructions. 

2. When preformed sections of insulation are not available, install mitered sections 
of cellular-glass insulation. Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed sections of cellular-glass insulation to valve body. 
2. Arrange insulation to permit access to packing and to allow valve operation 

without disturbing insulation. 
3. Install insulation to flanges as specified for flange insulation application. 

3.7 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to 
eliminate openings in insulation that allow passage of air to surface being insulated. 

B. Insulation Installation on Pipe Flanges: 
1. Install pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of sheet 
insulation of same thickness as pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's recommended 
adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 
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C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's recommended 

adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed valve covers manufactured of same material as pipe insulation 

when available. 
2. When preformed valve covers are not available, install cut sections of pipe and 

sheet insulation to valve body. Arrange insulation to permit access to packing 
and to allow valve operation without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow passage of 
air to surface being insulated. 

E. Provide latex-based, UV resistant protective coating for outdoor applications. 

3.8 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 
1. Secure each layer of preformed pipe insulation to pipe with wire or bands and 

tighten bands without deforming insulation materials. 
2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 

protrusions with vapor-barrier mastic and joint sealant. 
3. For insulation with factory-applied jackets on above-ambient surfaces, secure 

laps with outward clinched staples at 6 inches o.c. 
4. For insulation with factory-applied jackets on below-ambient surfaces, do not 

staple longitudinal tabs. Instead, secure tabs with additional adhesive as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 
1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with mineral-fiber blanket 
insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap 
seams at least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install preformed sections of same material as straight segments of pipe 

insulation when available. 
2. When preformed insulation elbows and fittings are not available, install mitered 

sections of pipe insulation, to a thickness equal to adjoining pipe insulation. 
Secure insulation materials with wire or bands. 
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D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed sections of same material as straight segments of pipe 

insulation when available. 
2. When preformed sections are not available, install mitered sections of pipe 

insulation to valve body. 
3. Arrange insulation to permit access to packing and to allow valve operation 

without disturbing insulation. 
4. Install insulation to flanges as specified for flange insulation application. 

3.9 FIELD-APPLIED JACKET INSTALLATION 

A. Where glass-cloth jackets are indicated, install directly over bare insulation or 
insulation with factory-applied jackets. 
1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints. 
2. Embed glass cloth between two 0.062-inch- thick coats of lagging adhesive. 
3. Completely encapsulate insulation with coating, leaving no exposed insulation. 

B. Where FSK jackets are indicated, install as follows: 
1. Draw jacket material smooth and tight. 
2. Install lap or joint strips with same material as jacket. 
3. Secure jacket to insulation with manufacturer's recommended adhesive. 
4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch- wide joint 

strips at end joints. 
5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed 

insulation with vapor-barrier mastic. 

C. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and 
end joints. Seal with manufacturer's recommended adhesive. 
1. Apply two continuous beads of adhesive to seams and joints, one bead under lap 

and the finish bead along seam and joint edge. 

D. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and 
end joints. Overlap longitudinal seams arranged to shed water. Seal end joints with 
weatherproof sealant recommended by insulation manufacturer. Secure jacket with 
stainless-steel bands 12 inches o.c. and at end joints. 

3.10 FIELD QUALITY CONTROL 

A. If workmanship is of questionable quality, the contractor shall perform tests and 
inspections as directed by the Architect. 

B. Tests and Inspections: 

1. Inspect field insulated equipment, pipe, fittings, strainers, and valves, randomly 
selected by Architect, by removing field-applied jacket and insulation in layers in 
reverse order of their installation.  

C. All insulation applications will be considered defective Work if sample inspection 
reveals noncompliance with requirements. 
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3.11 INSULATION SCHEDULE, GENERAL 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are 
identified for each piping system and pipe size range. If more than one material is listed 
for a piping system, selection from materials listed is Contractor's option. 

B. Items Not Insulated: Unless otherwise indicated, do not install insulation on the 
following: 

1. Drainage piping located in crawl spaces. 
2. Underground piping. 
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury. 

3.12 INDOOR PIPING INSULATION SCHEDULE 

A. Domestic Cold Water: 
1. NPS 1 and Smaller: Insulation shall be one of the following: 

a. Flexible Elastomeric: 1/2 inch thick. 
b. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1/2 inch. 

2. NPS 1-1/4 and Larger: Insulation shall be the following: 
a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick. 

B. Domestic Hot Water: 
1. NPS 1 and Smaller: Insulation shall be one of the following: 

a. Flexible Elastomeric: 1/2 inch thick. 
b. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1/2 inch. 

2. NPS 1-1/4 and Larger: Insulation shall be the following: 
a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick. 

C. Exposed Sanitary Drains, Domestic Water, Domestic Hot Water, and Stops for 
Plumbing Fixtures for People with Disabilities (ADA): 
1. All Pipe Sizes: Insulation/protection shall be the following: 

a. Protective Shielding Pipe Covers or Protective Shielding Piping 
Enclosures. 

D. For piping smaller than 1 1/2 inches and located in partitions within conditioned 
spaces, reduction of the scheduled thickness by 1 inch shall be permitted, but not to a 
thickness less than 1 inch. 

3.13 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE 

A. Domestic Cold Water: 
1. All Pipe Sizes: Insulation shall be the following: 

a. Flexible Elastomeric: 2 inches thick. 

B. Domestic Hot Water: 
1. All Pipe Sizes: Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 2 inches thick. 
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3.14 OUTDOOR, UNDERGROUND PIPING INSULATION SCHEDULE 

A. Sanitary Waste Piping, All Sizes, Where Heat Tracing Is Installed: Cellular glass, 2 
inches thick. 

3.15 INDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material. For insulation with factory-applied jacket, install 
the field-applied jacket over the factory-applied jacket. 

B. Piping, Concealed: 

1. None. 

C. Piping, Exposed: 

1. PVC, Color-Coded by System: 30 mils thick. 

D. Equipment, Concealed: 

1. None. 

E. Equipment, Exposed: 
1. None. 

3.16 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material. For insulation with factory-applied jacket, install 
the field-applied jacket over the factory-applied jacket. 

B. Piping, Concealed: 

1. None. 

C. Piping, Exposed: 
1. Aluminum, Stucco Embossed with Z-Shaped Locking Seam per the requirements 

of ASTM C1729.  Minimum jacket thickness shall be based on the outer 
insulation diameter: 
a. 8-inches and smaller: 0.024 inches thick. 
b. 10-inches to 36-inches:  0.032 inches thick. 
c. 38-inches and larger:  0.040 inches thick. 

2. Stainless Steel, Type 304 or Type 316, Stucco Embossed with Z-Shaped 
Locking Seam: 0.024 inch thick. 

3. Self-Adhesive Outdoor Jacket: 60-mil- thick. 

END OF SECTION 220700 
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SECTION 221116 - DOMESTIC WATER PIPING  

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Domestic water piping. 

B. Contractor shall perform all work within the building and to a point five (5) feet from the 
building wall, unless otherwise noted. 
1. Contractor shall coordinate with site water services provided under another 

Division.   
2. The contractor shall make the final connection of the building water service to the 

site water service. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Pipes, tubes, fittings, and specialties for each type of piping. 
2. Joining materials. 
3. Encasement for piping. 
4. Transition fittings. 
5. Dielectric fittings. 

1.4 INFORMATIONAL SUBMITTALS 

A. System purging and disinfecting activities report. 

1.5 FIELD CONDITIONS 

A. Interruption of Existing Water Service: Do not interrupt water service to facilities 
occupied by Owner or others unless permitted under the following conditions and then 
only after arranging to provide temporary water service according to requirements 
indicated: 
1. Notify Owner no fewer than ten days in advance of proposed interruption of water 

service. 
2. Do not interrupt water service without Owner's written permission. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Minimum Working Pressure for Domestic Water Piping: 125 psig unless otherwise 
indicated. 

2.2 PIPING MATERIALS 

A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, 
fitting materials, and joining methods for specific services, service locations, and pipe 
sizes. 

B. Potable-water piping and components shall comply with NSF 14 and NSF 61 Annex G. 
Plastic piping components shall be marked with "NSF-pw." 

C. Comply with NSF 372 for low lead. 

D. All pipe and fittings shall be from a United States domestic manufacturer. 

2.3 COPPER TUBE AND FITTINGS 

A. Hard Copper Tube: ASTM B 88, Type L and ASTM B 88, Type M water tube, drawn 
temper. 

B. Soft Copper Tube: ASTM B 88, Type K and ASTM B 88, Type L water tube, annealed 
temper. 

C. Cast-Copper, Solder-Joint Fittings: ASME B16.18, pressure fittings. 

D. Wrought-Copper, Solder-Joint Fittings: ASME B16.22, wrought-copper pressure 
fittings. 

E. Bronze Flanges: ASME B16.24, Class 150, with solder-joint ends. 

F. Copper Unions: 
1. MSS SP-123. 
2. Cast-copper-alloy, hexagonal-stock body. 
3. Ball-and-socket, metal-to-metal seating surfaces. 
4. Solder-joint. 

G. Copper Press Joint Fittings: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Apollo Valves; Conbraco Industries, Inc. 
b. Elkhart Products Corporation 
c. Mueller Industries, Inc.   
d. NIBCO INC.   
e. Viega LLC 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

DOMESTIC WATER PIPING 221116 - 3 

2. Description: 
a. Cast- or wrought-copper press-connect fitting complying with material 

requirements of ASME B16.18 or ASME B16.22 and performance criteria 
of ASME B16.51 and IAPMO PS 117. 

b. Sealing elements for press fittings shall be factory installed EPDM. 
c. Press end fittings shall have technology to allow identification of an 

unpressed fitting. 
d. All fittings in contact with drinking water shall be listed by a third party 

agency to NSF/ANSI 61 and 372. 

2.4 DUCTILE-IRON PIPE AND FITTINGS 

A. Mechanical-Joint, Ductile-Iron Pipe: 
1. AWWA C151/A21.51, with mechanical-joint bell and plain spigot end unless 

grooved or flanged ends are indicated. 
2. Glands, Gaskets, and Bolts: AWWA C111/A21.11, ductile- or gray-iron glands, 

rubber gaskets, and steel bolts. 

B. Standard-Pattern, Mechanical-Joint Fittings: 
1. AWWA C110/A21.10, ductile or gray iron. 
2. Glands, Gaskets, and Bolts: AWWA C111/A21.11, ductile- or gray-iron glands, 

rubber gaskets, and steel bolts. 

C. Plain-End, Ductile-Iron Pipe: AWWA C151/A21.51. 

D. Appurtenances for Grooved-End, Ductile-Iron Pipe: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Shurjoint Piping Products USA Inc 
b. Smith-Cooper International 
c. Star Pipe Products   
d. Victaulic Company 

2. Fittings for Grooved-End, Ductile-Iron Pipe: ASTM A 47/A 47M, malleable-iron 
castings or ASTM A 536, ductile-iron castings with dimensions that match pipe. 

3. Mechanical Couplings for Grooved-End, Ductile-Iron-Piping: 
a. AWWA C606 for ductile-iron-pipe dimensions. 
b. Ferrous housing sections. 
c. EPDM-rubber gaskets suitable for hot and cold water. 
d. Bolts and nuts. 
e. Minimum Pressure Rating: 250 psig. 

2.5 PIPING JOINING MATERIALS 

A. Pipe-Flange Gasket Materials: 
1. AWWA C110/A21.10, rubber, flat face, 1/8 inch thick or ASME B16.21, 

nonmetallic and asbestos free unless otherwise indicated. 
2. Full-face or ring type unless otherwise indicated. 
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B. Metal, Pipe-Flange Bolts and Nuts: ASME B18.2.1, carbon steel unless otherwise 
indicated. 

C. Solder Filler Metals: ASTM B 32, lead-free alloys. 

D. Flux: ASTM B 813, water flushable. 

E. Brazing Filler Metals: AWS A5.8M/A5.8, BCuP Series, copper-phosphorus alloys for 
general-duty brazing unless otherwise indicated. 

2.6 ENCASEMENT FOR UNDERGROUND METAL PIPING 

A. Standard: ASTM A 674 or AWWA C105/A 21.5. 

B. Material: Linear low-density polyethylene film of 0.008-inch minimum thickness. 

C. Form: Tube. 

D. Color: Black or natural. 

2.7 TRANSITION FITTINGS 

A. General Requirements: 
1. Same size as pipes to be joined. 
2. Pressure rating at least equal to pipes to be joined. 
3. End connections compatible with pipes to be joined. 
4. Description: 

a. CPVC one-piece fitting with manufacturer's equivalent dimensions. 
b. One end with threaded brass insert and one solvent-cement-socket end. 

2.8 DIELECTRIC FITTINGS 

A. General Requirements: Assembly of copper alloy and ferrous materials with separating 
nonconductive insulating material. Include end connections compatible with pipes to be 
joined. 

B. Dielectric unions shall not be used.  In lieu of dielectric union, use an approved brass 
fitting. 

C. Dielectric Flanges: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. WATTS   
b. Wilkins   
c. Zurn Industries, LLC 

2. Standard: ASSE 1079. 
3. Factory-fabricated, bolted, companion-flange assembly. 
4. Pressure Rating: 150 psig minimum at 180 deg F. 
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5. End Connections: Solder-joint copper alloy and threaded ferrous; threaded 
solder-joint copper alloy and threaded ferrous. 

D. Dielectric-Flange Insulating Kits: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Advance Products & Systems, Inc 
b. Calpico, Inc   
c. Central Plastics Company   
d. Pipeline Seal and Insulator, Inc 

2. Description: 
a. Nonconducting materials for field assembly of companion flanges. 
b. Pressure Rating: 150 psig. 
c. Gasket: Neoprene or phenolic. 
d. Bolt Sleeves: Phenolic or polyethylene. 
e. Washers: Phenolic with steel backing washers. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Comply with requirements in Section 312000 "Earth Moving" for excavating, trenching, 
and backfilling. 

3.2 STORAGE AND PROTECTION 

A. Delivery: Deliver materials in manufacturer's original, unopened, undamaged 
containers with identification labels intact. 

B. Storage and protection: Store materials protected from exposure to harmful 
environmental conditions and at temperature and humidity conditions recommended by 
the manufacturer. 

C. Store piping on a flat surface to prevent unwanted deformation. 

3.3 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for installation 
tolerances and other conditions affecting performance of the Work. 

B. Examine roughing-in for piping to verify actual locations of piping connections before 
equipment and fixture installation. 

C. Examine walls, floors and roofs for suitable conditions where piping will be installed. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.4 INSTALLATION OF PIPING 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
domestic water piping. Indicated locations and arrangements are used to size pipe and 
calculate friction loss, expansion, and other design considerations. Install piping as 
indicated unless deviations to layout are approved on coordination drawings. 

B. Install copper tubing under building slab according to CDA's "Copper Tube Handbook." 

C. Install ductile-iron piping under building slab with restrained joints according to 
AWWA C600 and AWWA M41. 

D. Install underground pipe in PE encasement according to ASTM A 674 or 
AWWA C105/A21.5. 

E. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with 
valve inside the building at each domestic water-service entrance.  

F. Install shutoff valve immediately upstream of each dielectric fitting. 

G. Install domestic water piping level with 0.25 percent slope downward toward drain and 
plumb. 

H. Install seismic restraints on piping.  

I. Install piping concealed from view and protected from physical contact by building 
occupants unless otherwise indicated and except in equipment rooms and service 
areas. 

J. Install piping indicated to be exposed and piping in equipment rooms and service areas 
at right angles or parallel to building walls. Diagonal runs are prohibited unless 
specifically indicated otherwise. 

K. Install piping above accessible ceilings to allow sufficient space for ceiling panel 
removal, and coordinate with other services occupying that space. 

L. Install piping to permit valve servicing. 

M. Install nipples, unions, special fittings, and valves with pressure ratings the same as or 
higher than the system pressure rating used in applications below unless otherwise 
indicated. 

N. Install piping free of sags and bends. 

O. Install fittings for changes in direction and branch connections. 

P. Install unions in copper tubing at final connection to each piece of equipment, machine, 
and specialty. 

Q. Install pressure gages on suction and discharge piping for each plumbing pump and 
packaged booster pump.  
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R. Install thermostats in hot-water circulation piping.  

S. Install thermometers on inlet and outlet piping from each water heater.  

T. Install sleeves for piping penetrations of interior walls, ceilings, and floors. 
1. Comply with requirements for sleeves specified in Section 220517 "Sleeves and 

Sleeve Seals for Plumbing Piping." 

U. Install sleeve seals for piping penetrations of exterior concrete walls and slabs. 
1. Comply with requirements for sleeve seals specified in Section 220517 "Sleeves 

and Sleeve Seals for Plumbing Piping." 

V. Install escutcheons for exposed piping penetrations of finished walls, ceilings, and 
floors. 
1. Comply with requirements for escutcheons specified in Section 220518 

"Escutcheons for Plumbing Piping." 

3.5 JOINT CONSTRUCTION 

A. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe. 

B. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and 
fittings before assembly. 

C. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. 
Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs 
and restore full ID. Join pipe fittings and valves as follows: 
1. Apply appropriate tape or thread compound to external pipe threads. 
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded 

or damaged. 

D. Soldered Joints for Copper Tubing: Apply ASTM B 813, water-flushable flux to end of 
tube. Join copper tube and fittings according to ASTM B 828 or CDA's "Copper Tube 
Handbook." 

E. Press Fit Joints for Copper Tubing: Press connections shall be made in accordance 
with the manufacturer’s installation instructions. Clean end of tube.  The tubing shall be 
fully inserted into the fitting and the tubing marked at the shoulder of the fitting.  The 
fitting alignment shall be checked against the mark on the tubing to assure the tubing is 
fully engaged (inserted) in the fitting. The joints shall be pressed using the tool(s) 
approved by the manufacturer. 

F. Joint Construction for Grooved-End, Ductile-Iron Piping: Make joints according to 
AWWA C606. Cut round-bottom grooves in ends of pipe at gasket-seat dimension 
required for specified (flexible or rigid) joint. Lubricate and install gasket over ends of 
pipes or pipe and fitting. Install coupling housing sections over gasket with keys seated 
in piping grooves. Install and tighten housing bolts. 

G. Joint Construction for Grooved-End Steel Piping: Make joints according to 
AWWA C606. Lubricate and install gasket over ends of pipes or pipe and fitting. Install 
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coupling housing sections over gasket with keys seated in piping grooves. Install and 
tighten housing bolts. 

H. Flanged Joints: Select appropriate asbestos-free, nonmetallic gasket material in size, 
type, and thickness suitable for domestic water service. Join flanges with gasket and 
bolts according to ASME B31.9. 

I. Joints for Dissimilar-Material Piping: Make joints using adapters compatible with 
materials of both piping systems. 

3.6 INSTALLATION OF TRANSITION FITTINGS 

A. Install transition couplings at joints of dissimilar piping. 

B. Transition Fittings in Underground Domestic Water Piping: 
1. Fittings for NPS 1-1/2 and Smaller: Fitting-type coupling. 
2. Fittings for NPS 2 and Larger: Sleeve-type coupling. 

C. Transition Fittings in Aboveground Domestic Water Piping NPS 2 and Smaller: Plastic-
to-metal transition fittings. 

3.7 INSTALLATION OF DIELECTRIC FITTINGS 

A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing. 

B. Dielectric Fittings for NPS 2 and Smaller: Use approved brass fitting. 

C. Dielectric Fittings for NPS 2-1/2 to NPS 4: Use dielectric flanges. 

D. Dielectric Fittings for NPS 5 and Larger: Use dielectric flange kits. 

3.8 INSTALLATION OF VALVES 

A. General valve installation requirements are specified in Section 220523, “Valves for 
Plumbing Piping.” 

3.9 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements for seismic-restraint devices specified in Section 220548 
"Vibration and Seismic Controls for Plumbing Piping and Equipment." 

B. Comply with requirements for hangers, supports, and anchor devices in 
Section 220529 "Hangers and Supports for Plumbing Piping and Equipment." 

C. Install hangers for piping and tubing, with maximum horizontal spacing and minimum 
rod diameters, to comply with MSS SP-58, locally enforced codes, and authorities 
having jurisdiction requirements, whichever are most stringent. 
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D. Install vinyl-coated hangers for PVC piping, with maximum horizontal spacing and 
minimum rod diameters, to comply with manufacturer's written instructions, locally 
enforced codes, and authorities having jurisdiction requirements, whichever are most 
stringent. 

E. Install vinyl-coated hangers for PEX tubing, with maximum horizontal spacing and 
minimum rod diameters, to comply with manufacturer's written instructions, locally 
enforced codes, and authorities having jurisdiction requirements, whichever are most 
stringent. 

F. Support horizontal piping within 12 inches of each fitting. 

G. Support vertical runs of piping and tubing to comply with MSS SP-58, locally enforced 
codes, and authorities having jurisdiction requirements, whichever are most stringent. 

H. Support vertical runs of PVC piping to comply with manufacturer's written instructions, 
locally enforced codes, and authorities having jurisdiction requirements, whichever are 
most stringent. 

3.10 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 

B. When installing piping adjacent to equipment and machines, allow space for service 
and maintenance. 

C. Connect domestic water piping to exterior water-service piping. Use transition fitting to 
join dissimilar piping materials. 

D. Connect domestic water piping to water-service piping with shutoff valve; extend and 
connect to the following: 
1. Domestic Water Booster Pumps: Cold-water suction and discharge piping. 
2. Water Heaters: Cold-water inlet and hot-water outlet piping in sizes indicated, but 

not smaller than sizes of water heater connections. 
3. Plumbing Fixtures: Cold- and hot-water-supply piping in sizes indicated, but not 

smaller than that required by plumbing code. 
4. Equipment: Cold- and hot-water-supply piping as indicated, but not smaller than 

equipment connections. Provide shutoff valve and union for each connection. 
Use flanges instead of unions for NPS 2-1/2 and larger. 

3.11 IDENTIFICATION 

A. Identify system components. Comply with requirements for identification materials and 
installation in Section 220553 "Identification for Plumbing Piping and Equipment." 

B. Label pressure piping with system operating pressure. 
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3.12 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections in the presence of the Commissioning 
Agent, Owner, Architect or his representative: 
1. Piping Inspections: 

a. Do not enclose, cover, or put piping into operation until it has been 
inspected and approved by authorities having jurisdiction. 

b. During installation, notify authorities having jurisdiction at least two days 
before inspection must be made. Perform tests specified below in presence 
of authorities having jurisdiction: 
1) Roughing-in Inspection: Arrange for inspection of piping before 

concealing or closing in after roughing in and before setting fixtures. 
2) Final Inspection: Arrange for authorities having jurisdiction to observe 

tests specified in "Piping Tests" Subparagraph below and to ensure 
compliance with requirements. 

c. Reinspection: If authorities having jurisdiction find that piping will not pass 
tests or inspections, make required corrections and arrange for 
reinspection. 

d. Reports: Prepare inspection reports and have them signed by authorities 
having jurisdiction. 

2. Piping Tests: 
a. Fill water piping. Check components to determine that they are not air 

bound and that piping is full of water. 
b. Test for leaks and defects in new piping and parts of existing piping that 

have been altered, extended, or repaired. If testing is performed in 
segments, submit a separate report for each test, complete with diagram of 
portion of piping tested. 

c. Leave new, altered, extended, or replaced domestic water piping 
uncovered and unconcealed until it has been tested and approved. Expose 
work that was covered or concealed before it was tested. 

d. Cap and subject piping to static water pressure of 50 psig above operating 
pressure, without exceeding pressure rating of piping system materials. 
Isolate test source and allow it to stand for four hours. Leaks and loss in 
test pressure constitute defects that must be repaired. 

e. Repair leaks and defects with new materials, and retest piping or portion 
thereof until satisfactory results are obtained. 

f. Prepare reports for tests and for corrective action required. 

B. Water piping will be considered defective if it does not pass tests and inspections. 

C. Prepare test and inspection reports. 

D. Provide minimum 48 hours notice prior to testing to allow the Architect, Engineer, 
Commissioning Agent, Owner or his representative the opportunity to attend.   

E. Tests shall be conducted and written report of testing submitted before any insulation is 
installed.  Insulation installed prior to tests shall be removed. 
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3.13 ADJUSTING 

A. Perform the following adjustments before operation: 
1. Close drain valves, hydrants, and hose bibbs. 
2. Open shutoff valves to fully open position. 
3. Open throttling valves to proper setting. 
4. Adjust balancing valves in hot-water-circulation return piping to provide adequate 

flow. 
a. Adjust calibrated balancing valves to flows indicated. 

5. Remove plugs used during testing of piping and for temporary sealing of piping 
during installation. 

6. Remove and clean strainer screens. Close drain valves and replace drain plugs. 
7. Remove filter cartridges from housings and verify that cartridges are as specified 

for application where used and are clean and ready for use. 
8. Check plumbing specialties and verify proper settings, adjustments, and 

operation. 

3.14 CLEANING 

A. Clean and disinfect potable domestic water piping as follows: 
1. Purge new piping and parts of existing piping that have been altered, extended, 

or repaired before using. 
2. Use purging and disinfecting procedures prescribed by authorities having 

jurisdiction; if methods are not prescribed, use procedures described in either 
AWWA C651 or AWWA C652 or follow procedures described below: 
a. Flush piping system with clean, potable water until dirty water does not 

appear at outlets. 
b. Fill and isolate system according to either of the following: 

1) Fill system or part thereof with water/chlorine solution with at least 50 
ppm of chlorine. Isolate with valves and allow to stand for 24 hours. 

2) Fill system or part thereof with water/chlorine solution with at least 
200 ppm of chlorine. Isolate and allow to stand for three hours. 

c. Flush system with clean, potable water until no chlorine is in water coming 
from system after the standing time. 

d. Repeat procedures if biological examination shows contamination. 
e. Submit water samples in sterile bottles to authorities having jurisdiction. 

B. Prepare and submit reports of purging and disinfecting activities. Include copies of 
water-sample approvals from authorities having jurisdiction. 

C. Clean interior of domestic water piping system. Remove dirt and debris as work 
progresses. 

3.15 PIPING SCHEDULE 

A. Transition and special fittings with pressure ratings at least equal to piping rating may 
be used in applications below unless otherwise indicated. 
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B. Flanges and unions may be used for aboveground piping joints unless otherwise 
indicated. 

C. Under-building-slab, trap-seal primer piping shall be one the following: 
1. Soft copper tube, ASTM B 88, Type K; wrought-copper, solder-joint fittings; and 

brazed joints. 

D. Aboveground domestic water piping, NPS 2 and smaller, shall be one of the following: 
1. Hard copper tube, ASTM B 88, Type L; wrought-copper, solder-joint fittings; and 

soldered joints. 
2. Hard copper tube, ASTM B 88, Type L; copper press fittings; and press joints. 

E. Aboveground domestic water piping, NPS 2-1/2 and larger, shall be the following: 
1. Hard copper tube, ASTM B 88, Type L; wrought-copper, solder-joint fittings; and 

soldered joints. 

F. Aboveground, trap-seal primer piping shall be one of the following: 
1. Hard copper tube, ASTM B 88, Type L; wrought-copper, solder-joint fittings; and 

soldered joints. 
2. Hard copper tube, ASTM B 88, Type L; copper press fittings; and press joints. 

3.16 VALVE SCHEDULE 

A. Drawings indicate valve types to be used. Where specific valve types are not indicated, 
the following requirements apply: 
1. Shutoff Duty:  

a. Use full-port ball valves for piping NPS 2 and smaller.  
b. Use ball or butterfly valves with flanged ends for piping NPS 2-1/2 and 

larger. 
2. Throttling Duty: Use ball or globe valves for piping NPS 2 and smaller. Use 

butterfly or ball valves with flanged ends for piping NPS 2-1/2 and larger. 
3. Hot-Water Circulation Piping, Balancing Duty: Memory-stop balancing valves. 
4. Drain Duty: Hose-end drain valves. 

B. Use check valves to maintain correct direction of domestic water flow to and from 
equipment. 

C. Iron grooved-end valves may be used with grooved-end piping. 

END OF SECTION 221116 
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SECTION 221119 - DOMESTIC WATER PIPING SPECIALTIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Vacuum breakers. 
2. Water pressure-reducing valves. 
3. Balancing valves. 
4. Temperature-actuated, water mixing valves. 
5. Strainers. 
6. Hose bibbs. 
7. Drain valves. 
8. Shock absorbers/Water-hammer arresters. 
9. Trap-seal primer valves. 
10. Flexible connectors. 
11. Water meters. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For domestic water piping specialties. 
1. Include diagrams for power, signal, and control wiring. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For domestic water piping specialties to include in 
emergency, operation, and maintenance manuals. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR PIPING SPECIALTIES 

A. Potable-water piping and components shall comply with NSF 61 Annex G. 
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2.2 PERFORMANCE REQUIREMENTS 

A. Minimum Working Pressure for Domestic Water Piping Specialties: 125 psig unless 
otherwise indicated. 

2.3 VACUUM BREAKERS 

A. Hose-Connection Vacuum Breakers: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Apollo Valves; Conbraco Industries, Inc. 
b. MIFAB, Inc   
c. WATTS   
d. Zurn Industries, LLC 

2. Standard: ASSE 1011. 
3. Body: Bronze, nonremovable, with manual drain. 
4. Outlet Connection: Garden-hose threaded complying with ASME B1.20.7. 
5. Finish: Rough bronze. 

B. Anti-Siphon Pressure Vacuum Breakers: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Ames Fire & Waterworks; A WATTS Brand 
b. Apollo Valves; Conbraco Industries, Inc. 
c. WATTS   
d. Zurn Industries, LLC 

2. Standard: ASSE 1020. 
3. Operation: Continuous-pressure applications. 
4. Pressure Loss: 5 psig maximum, through middle third of flow range. 
5. Accessories: 

a. Valves: Ball type, on inlet and outlet. 

2.4 WATER PRESSURE-REDUCING VALVES 

A. Water Regulators: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Apollo Valves; Conbraco Industries, Inc. 
b. WATTS   
c. Zurn Industries, LLC 

2. Standard: ASSE 1003. 
3. Pressure Rating: Initial working pressure of 150 psig. 
4. Size: Same as connected piping.  Refer to drawings. 
5. Body: Bronze for NPS 2 and smaller; cast iron with interior lining that complies 

with AWWA C550 or that is FDA approved for NPS 2-1/2 and NPS 3. 
6. Valves for Booster Heater Water Supply: Include integral bypass. 
7. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and 

NPS 3. 
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2.5 BALANCING VALVES 

A. Copper Alloy Calibrated Balancing Valves, ½” – 2”: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Armstrong International, Inc 
b. Flo Fab Inc   
c. ITT Corporation   
d. NIBCO INC.   
e. TACO Comfort Solutions, Inc. 
f. WATTS 

2. Type: Ball or Y-pattern globe valve with position indicator, two checked readout 
ports with drip caps and memory-setting indicator. 

3. Body: Brass or bronze. 
4. Size: As required for scheduled flow, but not larger than NPS 2. 
5. Accessories: Meter hoses, fittings, valves, differential pressure meter, and 

carrying case. 

B. Cast-Iron Calibrated Balancing Valves, 2-1/2” and larger: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Armstrong International, Inc 
b. Flo Fab Inc   
c. ITT Corporation   
d. NIBCO INC.   
e. WATTS 

2. Type: Adjustable with Y-pattern equal percentage globe valve, two readout ports, 
and memory-setting indicator. 

3. Size: As required for scheduled flow, but not smaller than NPS 2-1/2. 

C. Accessories: Meter hoses, fittings, valves, differential pressure meter, and carrying 
case. 

2.6 TEMPERATURE-ACTUATED, WATER MIXING VALVES 

A. Water-Temperature Limiting Devices: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following  
a. Apollo Valves; Conbraco Industries, Inc. 
b. Armstrong International, Inc 
c. Leonard Valve Company   
d. POWERS; A WATTS Brand 
e. TACO Comfort Solutions, Inc. 
f. WATTS   
g. Zurn Industries, LLC 

2. Standard: ASSE 1017. 
3. Pressure Rating: 125 psig. 
4. Type: Thermostatically controlled, water mixing valve. 
5. Material: Lead free bronze body with corrosion-resistant interior components. 
6. Connections: Threaded union inlets and outlet. 
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7. Accessories: Check stops on hot- and cold-water supplies, and adjustable, 
temperature-control handle. 

8. Tempered-Water Setting: Indicated on drawings. 
9. Valve Finish: Rough bronze. 

B. Point-of-Use, Thermostatic, Water Tempering Valves: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Leonard LF-170, 270 or 370 Series or comparable product by one of the 
following: 
a. Apollo Valves; Conbraco Industries, Inc. 
b. Bradley Corporation  
c. Lawler Manufacturing Company, Inc 
d. Leonard Valve Company   
e. POWERS; A WATTS Brand 
f. WATTS   
g. Zurn Industries, LLC 

2. Standard: ASSE 1070, thermostatically controlled, water tempering valve. 
3. Pressure Rating: 125 psig minimum unless otherwise indicated. 
4. Material: Lead-free, bronze body with corrosion-resistant interior components. 
5. Temperature Control: Adjustable, locking (tamper resistant). 
6. Inlets and Outlet: Threaded or compression fittings, integral check valves on 

inlets. 
7. Finish: Rough or chrome-plated bronze. 
8. Pressure-Temperature: 

a. Minimum Flow:  0.25 GPM 
b. Maximum Pressure: 125 PSIG. 
c. Maximum Hot Water temperature: 200°F. 
d. Approach Temperature 5°F above set point. 
e. Temperature Adjustment Range:  90°F -140°F 
f. Tempered-Water Setting: 105 deg F. 

9. Accessories: 
a. Cold water by-pass port (single fixture only).  Not required for single handle 

or sensor faucet installations. 
b. Mounting bracket. 
c. Ball valves. 
d. For concealed wall mounted valves, provide recessed cabinet, white 

enamel, 18-gauge body and door, with left-hand hinge, plexiglas window in 
door and inlet/outlet knock-out holes for mounting flexibility. 

2.7 STRAINERS FOR DOMESTIC WATER PIPING 

A. Y-Pattern Strainers: 
1. Pressure Rating: 125 psig minimum unless otherwise indicated. 
2. Body: Bronze for NPS 2 and smaller; cast iron with interior lining that complies 

with AWWA C550 or that is FDA approved, epoxy coated for NPS 2-1/2 and 
larger. 

3. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and 
larger. 

4. Screen: Stainless steel with round perforations unless otherwise indicated. 
5. Perforation Size: 
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a. Strainers NPS 2 and Smaller: 0.033 inch. 
b. Strainers NPS 2-1/2 to NPS 4: 0.062 inch. 
c. Strainers NPS 5 and Larger: 0.125 inch. 

6. Drain: Factory-installed, hose-end drain valve. 

2.8 HOSE BIBBS 

A. Hose Bibbs (HB-1): 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide Jay 

R. Smith 5670-H or comparable product by one of the following: 
a. Jay R. Smith Mfg. Co   
b. Josam Company   
c. MIFAB, Inc   
d. WATTS   
e. Zurn Industries, LLC 

2. Standard: ASME A112.18.1 for sediment faucets. 
3. Type:  Exposed, bent nose hose valve with flange and vacuum breaker, not 

subject to freezing. 
4. Body Material: Bronze. 
5. Seat: Bronze, replaceable. 
6. Supply Connections: NPS 1/2 or NPS 3/4 threaded or solder-joint inlet. 
7. Outlet Connection: Garden-hose thread complying with ASME B1.20.7. 
8. Pressure Rating: 125 psig. 
9. Vacuum Breaker: Integral, nonremovable, drainable, hose-connection vacuum 

breaker complying with ASSE 1011. 
10. Finish  

a. Equipment Rooms: Rough bronze, or chrome or nickel plated. 
b. Service Areas: Rough bronze. 
c. Finished Rooms: Chrome or nickel plated. 

11. Operation  
a. Equipment Rooms: Wheel handle or operating key. 
b. Service Areas: Wheel handle. 
c. Finished Rooms: Operating key. 

12. Include operating key with each operating-key hose bibb. 
13. Include integral wall flange with each chrome- or nickel-plated hose bibb. 

2.9 DRAIN VALVES 

A. Ball-Valve-Type, Hose-End Drain Valves: 
1. Standard: MSS SP-110 for standard-port, two-piece ball valves. 
2. Pressure Rating: 400-psig minimum CWP. 
3. Size: NPS 3/4. 
4. Body: Copper alloy. 
5. Ball: Chrome-plated brass. 
6. Seats and Seals: Replaceable. 
7. Handle: Vinyl-covered steel. 
8. Inlet: Threaded or solder joint. 
9. Outlet: Threaded, short nipple with garden-hose thread complying with 

ASME B1.20.7 and cap with brass chain. 
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2.10 SHOCK ABSORBERS/WATER-HAMMER ARRESTERS 

A. Shock Absorbers/Water-Hammer Arresters: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. AMTROL, Inc.   
b. Jay R. Smith Mfg. Co   
c. Josam Company   
d. MIFAB, Inc   
e. Oatey 
f. Precision Plumbing Products 
g. Sioux Chief Manufacturing Company, Inc. 
h. WATTS   
i. Zurn Industries, LLC 

2. Standard: ASSE 1010 or PDI-WH 201. 
3. Type: Copper tube with piston. 
4. Size: ASSE 1010, Sizes AA and A through F, or PDI-WH 201, Sizes B through F.   

a. Shock absorbers shall be the same size as the line on which they are 
installed, up to 1” pipe size.  Pipe lines larger than 1” shall have 1-inch 
shock absorbers installed.   

2.11 TRAP-SEAL PRIMER DEVICE 

A. Flush Valve, Trap-Seal Primer Device: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

Precision Plumbing Products Model FVP or comparable product by one of the 
following: 
a. Jay R. Smith Mfg. Co   
b. MIFAB, Inc   
c. Precision Plumbing Products 
d. Sioux Chief Manufacturing Company, Inc. 
e. WATTS   
f. Zurn Industries, LLC 

2. Type:  Vacuum breaker trap primer 
3. Body: 1-1/2” x 12” 17 GA with compression fitting. 
4. Inlet and Outlet Connections: NPS 1/2 threaded, union, or solder joint. 
5. Gravity Drain Outlet Connection: NPS 1/2 threaded or solder joint. 
6. Finish: Chrome plated. 
7. Accessories:  Vacuum breaker, chrome plated wall flange, compression fittings. 

2.12 FLEXIBLE CONNECTORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Flex-Hose Co., Inc   
2. Flexicraft Industries   
3. Hyspan Precision Products, Inc 
4. Metraflex Company (The)   
5. Proco Products, Inc   
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6. Unaflex 

B. Bronze-Hose Flexible Connectors: Corrugated-bronze tubing with bronze wire-braid 
covering and ends brazed to inner tubing. 
1. Working-Pressure Rating: Minimum 250 psig. 
2. End Connections NPS 2 and Smaller: Threaded copper pipe or plain-end copper 

tube. 
3. End Connections NPS 2-1/2 and Larger: Flanged copper alloy. 

C. Stainless-Steel-Hose Flexible Connectors: Corrugated-stainless-steel tubing with 
stainless-steel wire-braid covering and ends welded to inner tubing. 
1. Working-Pressure Rating: Minimum 250 psig. 
2. End Connections NPS 2 and Smaller: Threaded steel-pipe nipple. 
3. End Connections NPS 2-1/2 and Larger: Flanged steel nipple. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install unions or flanges at all connections to each piece of equipment and on both 
sides of valves and other in-line devices that require removal for maintenance. 

B. Install backflow preventers in each water supply to mechanical equipment and systems 
and to other equipment and water systems that may be sources of contamination. 
Comply with authorities having jurisdiction. 

1. Locate backflow preventers in same room as connected equipment or system. 
2. Install drain for backflow preventers with atmospheric-vent drain connection with 

air-gap fitting, fixed air-gap fitting, or equivalent positive pipe separation of at 
least two pipe diameters in drain piping and pipe-to-floor drain. Locate air-gap 
device attached to or under backflow preventer. Simple air breaks are 
unacceptable for this application. 

3. Provide 4” high by 4” wide concrete containment curb with drain below incoming 
water service reduced-pressure-principle backflow preventers.  Interior of 
containment curb shall be 6” larger than the footprint of the backflow preventer. 

C. Install water regulators with inlet and outlet shutoff valves and bypass with memory-
stop balancing valve. Install pressure gages on inlet and outlet. 

D. Install balancing valves in locations where they can easily be adjusted. 

E. Install temperature-actuated, water mixing valves with check stops or shutoff valves on 
inlets and with shutoff valve on outlet. 

1. Install cabinet-type units recessed in or surface mounted on wall as specified. 

F. Install Y-pattern strainers for water on supply side of each water pressure-reducing 
valve and pump. 
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G. Install ground hydrants with 1 cu. yd. of crushed gravel around drain hole. Set ground 
hydrants with box flush with grade. 

H. Set freeze-resistant yard hydrants with riser pipe in concrete or pavement. Do not 
encase canister in concrete. 

I. Install water-hammer arresters in water piping at the end of all branch lines and as 
indicated on the drawings according to PDI-WH 201.  Pipe extensions shall not be 
used in place of shock absorbers. 

J. Install supply-type, trap-seal primer valves with outlet piping pitched down toward drain 
trap a minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting. 
Adjust valve for proper flow. 

K. Install drainage-type, trap-seal primer valves as lavatory trap with outlet piping pitched 
down toward drain trap a minimum of 1 percent, and connect to floor-drain body, trap, 
or inlet fitting. 

L. Install trap-seal primer systems with outlet piping pitched down toward drain trap a 
minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting. Adjust 
system for proper flow.  Coordinate 120-v power source with Division 26. 

M. Install meters with inlet and outlet shutoff valves.  Install bypass around meter with 
shutoff valve. 

3.2 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 
1. Test each reduced-pressure-principle backflow preventer and double-check, 

backflow-prevention assembly according to authorities having jurisdiction and the 
device's reference standard. 

B. Domestic water piping specialties will be considered defective if they do not pass tests 
and inspections. 

C. Prepare test and inspection reports. 

3.3 ADJUSTING 

A. Set field-adjustable pressure set points of water pressure-reducing valves. 

B. Set field-adjustable flow set points of balancing valves. 

C. Set field-adjustable temperature set points of temperature-actuated, water mixing 
valves. 

END OF SECTION 221119 
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SECTION 221316 - SANITARY WASTE AND VENT PIPING AND SPECIALTIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Hub-and-spigot, cast-iron soil pipe and fittings. 
2. Hubless, cast-iron soil pipe and fittings. 
3. Specialty pipe fittings. 
4. Encasement for underground metal piping. 
5. Floor drains. 
6. Trap-seal insert device. 
7. Cleanouts. 
8. Air-admittance valves. 
9. Miscellaneous sanitary drainage piping specialties. 
10. Interceptors 

B. Contractor shall perform all work within the building and to a point five (5) feet from the 
building wall, unless otherwise noted. 
1. Contractor shall coordinate with site sanitary drainage services provided under 

another Division.   
2. The contractor shall make the final connection of the building sanitary drainage to 

the site sanitary drainage. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.4 INFORMATIONAL SUBMITTALS 

A. Seismic Qualification Certificates: For waste and vent piping, accessories, and 
components, from manufacturer. 
1. Basis for Certification: Indicate whether withstand certification is based on actual 

test of assembled components or on calculation. 
2. Detailed description of piping anchorage devices on which the certification is 

based and their installation requirements. 
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1.5 QUALITY ASSURANCE 

A. Piping, drains and specialty materials shall bear label, stamp, or other markings of 
specified testing agency. 

B. Comply with NSF 14 for plastic sanitary piping specialty components. 

1.6 FIELD CONDITIONS 

A. Interruption of Existing Sanitary Waste Service: Do not interrupt service to facilities 
occupied by Owner or others unless permitted under the following conditions and then 
only after arranging to provide temporary service according to requirements indicated: 
1. Notify Owner no fewer than ten days in advance of proposed interruption of 

sanitary waste service. 
2. Do not proceed with interruption of sanitary waste service without Owner's written 

permission. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Components and installation shall be capable of withstanding the following minimum 
working pressure unless otherwise indicated: 
1. Soil, Waste, and Vent Piping:  10-foot head of water. 
2. Waste, Force-Main Piping:  50 psig. 

B. Seismic Performance: Soil, waste, and vent piping and support and installation shall 
withstand the effects of earthquake motions determined according to ASCE/SEI 7. 

2.2 PIPING MATERIALS 

A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, 
fitting materials, and joining methods for specific services, service locations, and pipe 
sizes. 

B. All pipe and fittings shall be from a United States domestic manufacturer. 

2.3 HUB-AND-SPIGOT, CAST-IRON SOIL PIPE AND FITTINGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. AB & I Foundry 
2. Charlotte Pipe and Foundry Company 
3. Tyler Pipe 

B. Pipe and Fittings: 
1. Marked with CISPI collective trademark and NSF certification mark. 
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2. Class: ASTM A 74, Service class. 

C. Gaskets: ASTM C 564, rubber. 

2.4 HUBLESS, CAST-IRON SOIL PIPE AND FITTINGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. AB & I Foundry 
2. Charlotte Pipe and Foundry Company 
3. Tyler Pipe 

B. Pipe and Fittings: 
1. Marked with CISPI collective trademark and NSF certification mark. 
2. Standard: ASTM A 888 or CISPI 301. 

C. Heavy-Duty, Hubless-Piping Couplings: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. ANACO-Husky   
b. Charlotte Pipe and Foundry Company 
c. Ideal-Tridon   
d. Tyler Pipe 

2. Standard: ASTM C 1540.  
3. Description: Corrugated stainless-steel shield with stainless-steel bands and 

tightening devices; and ASTM C 564, rubber sleeve with integral, center pipe 
stop. 

2.5 SPECIALTY PIPE FITTINGS 

A. Transition Couplings: 

1. General Requirements: Fitting or device for joining piping with small differences 
in ODs or of different materials. Include end connections same size as and 
compatible with pipes to be joined. 

2. Fitting-Type Transition Couplings: Manufactured piping coupling or specified-
piping-system fitting. 

3. Shielded, Nonpressure Transition Couplings: 
a. Manufacturers:  Subject to compliance with requirements, provide products 

by one of the following: 
1) Fernco Inc   
2) Mission Rubber Company, LLC; a division of MCP Industries 
3) Plastic Oddities 

b. Standard: ASTM C 1460. 
c. Description: Elastomeric or rubber sleeve with full-length, corrosion-

resistant outer shield and corrosion-resistant-metal tension band and 
tightening mechanism on each end. 

d. End Connections: Same size as and compatible with pipes to be joined. 
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B. Dielectric Fittings 
1. General Requirements: Assembly of copper alloy and ferrous materials with 

separating nonconductive insulating material. Include end connections 
compatible with pipes to be joined. 

2. Dielectric unions shall not be used.  In lieu of dielectric union, use an approved 
brass fitting. 

3. Dielectric Flanges: 
a. Manufacturers:  Subject to compliance with requirements, provide products 

by one of the following: 
1) WATTS   
2) Wilkins   
3) Zurn Industries, LLC 

b. Standard: ASSE 1079. 
c. Factory-fabricated, bolted, companion-flange assembly. 
d. Pressure Rating: 150 psig minimum at 180 deg F. 
e. End Connections: Solder-joint copper alloy and threaded ferrous; threaded 

solder-joint copper alloy and threaded ferrous. 

2.6 ENCASEMENT FOR UNDERGROUND METAL PIPING 

A. Standard: ASTM A 674 or AWWA C105/A 21.5. 

B. Material: Linear low-density polyethylene film of 0.008-inch minimum thickness. 

C. Form: Tube. 

D. Color: Black or natural. 

2.7 FLOOR DRAINS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 

a. Jay R. Smith Mfg. Co   
b. Josam Company   
c. MIFAB, Inc   
d. Sioux Chief Manufacturing...   
e. Wade; a subsidiary of McWane Inc. 
f. WATTS   
g. Zurn Industries, LLC. 

B. FD-1 (Finished Floor): 
1. Basis-of-Design Product:  Provide Josam 30000-S-ARE-50 or comparable 

product 
2. Pattern: Floor drain. 
3. Body Material: Cast iron. 
4. Drainage Flange: Required, double. 
5. Flashing Collar: Required, non-puncturing. 
6. Weepholes: Required. 
7. Outlet: Bottom. 
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8. Backwater Valve: Not required. 
9. Coating on Interior and Exposed Exterior Surfaces: Acid-resistant epoxy. 
10. Sediment Bucket: Not required. 
11. Strainer:  Adjustable 
12. Strainer Material and Finish: Satin nickel-bronze, copper alloy. 
13. Top Shape: Square. 
14. Dimensions of Top or Strainer: 6”x6”. 
15. Funnel: Not required. 
16. Features: 1/2” trap-seal primer valve drain connection. 

2.8 TRAP-SEAL INSERT DEVICE 

A. Trap-Seal Insert Device: 
1. Basis-of-Design Product:  Subject to compliance with requirements, provide 

ProSet Trap Guard or comparable product by one of the following: 
a. Jay R. Smith Mfg. Co  
b. Precision Plumbing Products 
c. ProVent Systems 
d. RectorSeal 

2. Standard: ASSE 1072. 
3. Material:  HDPE housing, soft EPDM sealing gasket. 

2.9 CLEANOUTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Jay R. Smith Mfg. Co. 
2. Josam Company; Josam Div. 
3. MIFAB, Inc. 
4. Tyler Pipe. 
5. Wade. 
6. WATTS. 
7. Zurn Industries, LLC. 

B. Exposed and Above-Ceiling Cleanouts: 
1. Basis-of-Design Product:  Provide Josam Series 58900 or comparable product. 
2. Size: Same as connected branch. 
3. Body Material: No-hub, cast-iron soil pipe test tee] as required to match 

connected piping. 
4. Closure: Bronze, countersunk plug. 
5. Closure Plug Size: Same as, or not more than, one size smaller than cleanout 

size. 

C. Finished Floor Cleanouts: 
1. Basis-of-Design Product:  Provide Josam Series 55000-1-SQ or comparable 

product. 
2. Size: Same as connected branch. 
3. Type: Adjustable cast-iron housing. 
4. Body or Ferrule: Cast iron. 
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5. Outlet Connection: No hub, hub with gasket or inside caulk (based on location). 
6. Closure: Internal cast-iron or plastic plug. 
7. Adjustable Housing Material: Cast iron with threads. 
8. Cover Material and Finish: Scoriated satin nickel-bronze, copper alloy. 
9. Frame and Cover Shape: Square. 
10. Top Loading Classification: Light Duty. 
11. Riser: ASTM A 74, Service class, cast-iron drainage pipe fitting and riser to 

cleanout. 

D. Unfinished Floor Cleanouts: 
1. Basis-of-Design Product:  Provide Josam Series 58460A-AE or comparable 

product. 
2. Size: Same as connected branch. 
3. Type: Adjustable cast-iron housing. 
4. Body: Cast iron. 
5. Outlet Connection: No hub, hub with gasket or inside caulk (based on location). 
6. Closure: Internal bronze countersunk plug. 
7. Cover Material and Finish: Satin nickel-bronze, copper alloy. 
8. Cover Shape: Round. 
9. Top Loading Classification: Light Duty. 
10. Riser: ASTM A 74, Service class, cast-iron drainage pipe fitting and riser to 

cleanout. 

E. Wall Cleanouts: 
1. Basis-of-Design Product:  Provide Josam Series 58910-Z or comparable product. 
2. Size: Same as connected drainage piping. 
3. Body: No-hub, cast-iron soil pipe as required to match connected piping. 
4. Closure Plug: 

a. Bronze. 
b. Countersunk head. 
c. Drilled and threaded for cover attachment screw. 
d. Size: Same as, or not more than, one size smaller than cleanout size. 

5. Wall Access For Concealed Riser:  
a. Round, flat, nickel-bronze, copper-alloy cover plate with screw. 

6. Wall Access for Concealed Riser:  
a. Square, stainless-steel wall-installation frame and cover. 

F. Test Tees: 
1. Standard: ASME A112.36.2M and ASTM A 74, ASTM A 888, or CISPI 301. 
2. Size: Same as connected drainage piping. 
3. Body Material: Hub-and-spigot, cast-iron soil-pipe T-branch or no-hub, cast-iron 

soil-pipe test tee as required to match connected piping. 
4. Closure Plug: Countersunk, brass. 
5. Closure Plug Size: Same as, or not more than, one size smaller than cleanout 

size. 

2.10 AIR-ADMITTANCE VALVES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
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1. Durgo, Inc. 
2. Oatey. 
3. ProSet Systems Inc. 
4. Studor, Inc. 

B. Fixture Air-Admittance Valves: 
1. Standard: ASSE 1051, Type A for single fixture or Type B for branch piping. 
2. Housing: Plastic. 
3. Operation: Mechanical sealing diaphragm. 
4. Size: Same as connected fixture or branch vent piping. 

2.11 MISCELLANEOUS SANITARY DRAINAGE PIPING SPECIALTIES 

A. Deep-Seal Traps: 
1. Description: Cast-iron or bronze casting, with inlet and outlet matching connected 

piping and cleanout trap-seal primer valve connection. 
2. Size: Same as connected waste piping. 

a. NPS 2: 4-inch- minimum water seal. 
b. NPS 2-1/2 and Larger: 5-inch- minimum water seal. 

PART 3 - EXECUTION 

3.1 EARTH MOVING 

A. Comply with requirements for excavating, trenching, and backfilling specified in 
Section 312000 "Earth Moving." 

B. Pipe and fittings shall be moved to the trench, carefully lowered and set to line and 
grade.  Pipe shall be laid on the shaped sub-grade.  No blocking will be permitted and 
the bleeding shall be such that it forms a continuous bearing with a minimum width of 
bearing equal to 0.6 the outside diameter of the pipe for the full length of the pipe, 
except for that portion at the bell hole.   

C. No pipe or fitting shall be installed until sufficient trench has been completely 
excavated to satisfy the Architect that no unforeseen obstructions of any kind are likely 
to be encountered.  Pipe shall be cut by the Contractor when required without any 
additional compensation.  Special care shall be exercised by the Contractor to prevent 
damage to any pipe.   

D. Before placing in the trench, each pipe or fitting shall be carefully cleaned of any 
foreign substance which may have collected therein and shall be kept clean at all times 
thereafter.  For this purpose, the open ends of all pipes and fittings in the trench shall 
be closed to the satisfaction of the Architect before leaving the work for the night and 
for all holidays or other items of interruption to the work. 
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3.2 PIPING INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
piping systems. 
1. Indicated locations and arrangements were used to size pipe and calculate 

friction loss, expansion, pump sizing, and other design considerations. 
2. Install piping as indicated unless deviations to layout are approved on 

coordination drawings. 

B. Install piping in concealed locations unless otherwise indicated and except in 
equipment rooms and service areas. 

C. Install piping indicated to be exposed and piping in equipment rooms and service areas 
at right angles or parallel to building walls. Diagonal runs are prohibited unless 
specifically indicated otherwise. 

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel 
removal. 

E. Install piping at indicated slopes. 

F. Install piping free of sags and bends. 

G. Install fittings for changes in direction and branch connections. 

H. Install piping to allow application of insulation. 

I. Install seismic restraints on piping. Comply with requirements for seismic-restraint 
devices specified in Section 220548 "Vibration and Seismic Controls for Plumbing 
Piping and Equipment." 

J. Make changes in direction for soil and waste drainage and vent piping using 
appropriate branches, bends, and long-sweep bends. 
1. Sanitary tees and short-sweep 1/4 bends may be used on vertical stacks if 

change in direction of flow is from horizontal to vertical. 
2. Use long-turn, double Y-branch and 1/8-bend fittings if two fixtures are installed 

back to back or side by side with common drain pipe. 
a. Straight tees, elbows, and crosses may be used on vent lines. 

3. Do not change direction of flow more than 90 degrees. 
4. Use proper size of standard increasers and reducers if pipes of different sizes 

are connected. 
a. Reducing size of waste piping in direction of flow is prohibited. 

K. Lay buried building waste piping beginning at low point of each system. 
1. Install true to grades and alignment indicated, with unbroken continuity of invert. 

Place hub ends of piping upstream. 
2. Install required gaskets according to manufacturer's written instructions for use of 

lubricants, cements, and other installation requirements. 
3. Maintain swab in piping and pull past each joint as completed. 
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L. Install soil and waste and vent piping at the following minimum slopes unless otherwise 
indicated: 
1. Building Sanitary Waste: 2 percent downward in direction of flow for piping 

NPS 3 and smaller; 1 percent downward in direction of flow for piping NPS 4 and 
larger. 

2. Horizontal Sanitary Waste Piping: 2 percent downward in direction of flow. 
3. Vent Piping: 1 percent down toward vertical fixture vent or toward vent stack. 

M. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings 
Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings." 
1. Install encasement on underground piping in corrosive soils according to 

ASTM A 674 or AWWA C105/A 21.5. 

N. Plumbing Specialties: 
1. Install cleanouts at grade and extend to where building sanitary drains connect to 

building sanitary sewers in sanitary waste gravity-flow piping. 
a. Install cleanout fitting with closure plug inside the building in sanitary 

drainage force-main piping. 
2. Install drains in sanitary waste gravity-flow piping. 

O. Do not enclose, cover, or put piping into operation until it is inspected and approved by 
authorities having jurisdiction. 

P. Install sleeves for piping penetrations of interior walls, ceilings, and floors. 
1. Comply with requirements for sleeves specified in Section 220517 "Sleeves and 

Sleeve Seals for Plumbing Piping." 

Q. Install escutcheons for exposed piping penetrations of finished walls, ceilings, and 
floors. 
1. Comply with requirements for escutcheons specified in Section 220518 

"Escutcheons for Plumbing Piping." 

3.3 JOINT CONSTRUCTION 

A. Hub-and-Spigot, Cast-Iron Soil Piping Gasketed Joints: Join according to CISPI's "Cast 
Iron Soil Pipe and Fittings Handbook" for compression joints. 

B. Hubless, Cast-Iron Soil Piping Coupled Joints: 
1. Join according to CISPI 310 and CISPI's "Cast Iron Soil Pipe and Fittings 

Handbook" for hubless-piping coupling joints. 

C. Joint Restraints and Sway Bracing: 
1. Provide joint restraints and sway bracing for sanitary drainage piping joints to 

comply with the following conditions: 
a. Provide axial restraint for pipe and fittings 8 inches and larger, upstream 

and downstream of all changes in direction, branches, and changes in 
diameter greater than two pipe sizes. 

b. Provide rigid sway bracing for pipe and fittings 8 inches and larger, 
upstream and downstream of all changes in direction 45 degrees and 
greater. 
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c. Provide rigid sway bracing for pipe and fittings 8 inches and larger, 
upstream and downstream of all changes in direction and branch openings. 

3.4 SPECIALTY INSTALLATION 

A. Transition Couplings: 
1. Install transition couplings at joints of piping with small differences in ODs. 
2. In Drainage Piping: Nonpressure transition couplings. 

B. Dielectric Fittings: 
1. Install dielectric fittings in piping at connections of dissimilar metal piping and 

tubing. 

C. Install floor drains at low points of surface areas to be drained. Set grates of drains 
flush with finished floor, unless otherwise indicated. 
1. Position floor drains for easy access and maintenance. 
2. Set floor drains slightly below elevation of surrounding finished floor to allow 

positive floor drainage. 
3. Install floor-drain flashing collar or flange, so no leakage occurs between drain 

and adjoining flooring. 
a. Maintain integrity of waterproof membranes where penetrated. 

4. Install individual deep-seal traps for floor drains connected to sanitary building 
drain, unless otherwise indicated. 

D. Install cleanouts in aboveground piping and building drain piping according to the 
following, unless otherwise indicated: 
1. Size same as drainage piping up to NPS 4. Use NPS 4 for larger drainage piping 

unless larger cleanout is indicated. 
2. Locate at each change in direction of piping greater than 45 degrees. 
3. Locate at minimum intervals of 50 feet for piping NPS 4 and smaller and 100 feet 

for larger piping. 
4. Locate at base of each vertical soil and waste stack. 

E. For floor cleanouts for piping below floors, install cleanout deck plates with top flush 
with finished floor. 

F. Install trap seal insert devices in accordance with manufacturer's instructions and 
approved product data submittals. 

G. For cleanouts located in concealed piping, install cleanout wall access covers, of types 
indicated, with frame and cover flush with finished wall. 

H. Install fixture air-admittance valves on fixture drain piping where indicated on Drawings. 

I. Install deep-seal traps on floor drains and other indirect waste outlets, unless otherwise 
noted. 

J. Install blocking reinforcement for wall-mounting-type specialties. 
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K. Install traps on plumbing specialty drain outlets. Omit traps on indirect wastes unless 
trap is indicated. 

3.5 HANGER AND SUPPORT INSTALLATION 

A. Comply with requirements for seismic-restraint devices specified in Section 220548 
"Vibration and Seismic Controls for Plumbing Piping and Equipment." 

B. Comply with requirements for hangers, supports, and anchor devices in Section 
220529 "Hangers and Supports for Plumbing Piping and Equipment.” 

C. Install hangers for metal piping, with maximum horizontal spacing and minimum rod 
diameters, to comply with MSS SP-58, locally enforced codes, and authorities having 
jurisdiction requirements, whichever are most stringent. 

D. Install hangers for plastic piping, with maximum horizontal spacing and minimum rod 
diameters, to comply with manufacturer's written instructions, locally enforced codes, 
and authorities having jurisdiction requirements, whichever are most stringent. 

E. Support horizontal piping and tubing within 12 inches of each fitting and coupling. 

F. Support vertical runs of metal piping to comply with MSS SP-58, locally enforced 
codes, and authorities having jurisdiction requirements, whichever are most stringent. 

G. Support vertical runs of plastic piping to comply with manufacturer's written 
instructions, locally enforced codes, and authorities having jurisdiction requirements, 
whichever are most stringent. 

3.6 CONNECTIONS 

A. Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Connect soil and waste piping to exterior sanitary sewerage piping. Use transition 
fitting to join dissimilar piping materials. 

C. Connect waste and vent piping to the following: 
1. Plumbing Fixtures: Connect waste piping in sizes indicated, but not smaller than 

required by plumbing code. 
2. Plumbing Fixtures and Equipment: Connect atmospheric vent piping in sizes 

indicated, but not smaller than required by authorities having jurisdiction. 
3. Plumbing Specialties: Connect waste and vent piping in sizes indicated, but not 

smaller than required by plumbing code. 
4. Install test tees (wall cleanouts) in conductors near floor and floor cleanouts with 

cover flush with floor. 

D. Where installing piping adjacent to equipment, allow space for service and 
maintenance of equipment. 
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3.7 IDENTIFICATION 

A. Identify exposed sanitary waste and vent piping. 

B. Comply with requirements for identification specified in Section 220553 "Identification 
for Plumbing Piping and Equipment." 

3.8 FIELD QUALITY CONTROL 

A. During installation, notify authorities having jurisdiction at least 48 hours before 
inspection must be made. Perform tests specified below in presence of authorities 
having jurisdiction. 
1. Roughing-in Inspection: Arrange for inspection of piping before concealing or 

closing-in after roughing-in and before setting fixtures. 
2. Final Inspection: Arrange for final inspection by authorities having jurisdiction to 

observe tests specified below and to ensure compliance with requirements. 

B. Test sanitary waste and vent piping according to procedures of authorities having 
jurisdiction or, in absence of published procedures, as follows: 
1. Test for leaks and defects in new piping and parts of existing piping that have 

been altered, extended, or repaired. 
a. If testing is performed in segments, submit separate report for each test, 

complete with diagram of portion of piping tested. 
2. Leave uncovered and unconcealed new, altered, extended, or replaced waste 

and vent piping until it has been tested and approved. 
a. Expose work that was covered or concealed before it was tested. 

3. Roughing-in Plumbing Test Procedure:  
a. Test waste and vent piping except outside leaders on completion of 

roughing-in. 
b. Close openings in piping system and fill with water to point of overflow, but 

not less than 10-foot head of water. 
c. From 15 minutes before inspection starts to completion of inspection, water 

level must not drop. 
d. Inspect joints for leaks. 

4. Finished Plumbing Test Procedure: After plumbing fixtures have been set and 
traps filled with water, test connections and prove they are gastight and 
watertight. 
a. Plug vent-stack openings on roof and building drains where they leave 

building. Introduce air into piping system equal to pressure of 1-inch wg. 
b. Use U-tube or manometer inserted in trap of water closet to measure this 

pressure. 
c. Air pressure must remain constant without introducing additional air 

throughout period of inspection. 
d. Inspect plumbing fixture connections for gas and water leaks. 

5. Repair leaks and defects with new materials and retest piping, or portion thereof, 
until satisfactory results are obtained. 

6. Prepare reports for tests and required corrective action. 

C. Reinspection: Piping will be considered defective if it does not pass tests and 
inspections.  Make required corrections and arrange for reinspection. 
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D. Reports: Prepare inspection reports and have them signed by authorities having 
jurisdiction. 

E. All new and existing sanitary drainage systems to the point of service connection or 
termination outside the building footprint for sanitary drainage shall be completely 
cleared with a plumber’s snake and flushed after a building is completed and prior to 
Substantial Completion. 

3.9 CLEANING AND PROTECTION 

A. Clean interior of piping. Remove dirt and debris as work progresses. 

B. Protect sanitary waste and vent piping during remainder of construction period to avoid 
clogging with dirt and debris and to prevent damage from traffic and construction work. 

C. Place plugs in ends of uncompleted piping at end of day and when work stops. 

D. Repair damage to adjacent materials caused by waste and vent piping installation. 

E. Protect drains during remainder of construction period to avoid clogging with dirt or 
debris and to prevent damage from traffic or construction work. 
1. If drains are not covered and it is suspected that dirt, debris or trash has entered 

the drainage system, the interior drainage system shall be professionally cleaned 
to the Architect’s satisfaction and at no expense to the Owner. 

3.10 PIPING SCHEDULE 

A. Flanges and unions may be used on aboveground pressure piping unless otherwise 
indicated. 

B. Aboveground, soil, waste and vent piping shall be the following: 
1. Hubless, cast-iron soil pipe and fittings; heavy-duty, hubless-piping couplings; 

and coupled joints. 
2. Dissimilar Pipe-Material Couplings: Shielded, nonpressure transition couplings. 

C. Underground, soil, waste, and vent piping shall be the following: 
1. Hub and spigot, cast-iron soil pipe and fittings, service class; gaskets; and 

gasketed joints. 
2. Dissimilar Pipe-Material Couplings: Shielded, nonpressure transition couplings. 

END OF SECTION 221316 
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SECTION 224200 - PLUMBING FIXTURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Plumbing fixtures. 
2. Supports. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Include rated capacities, operating characteristics, electrical characteristics, and 

furnished specialties and accessories. 

B. Shop Drawings: Include diagrams for power, signal, and control wiring. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For flushometer valves and electronic sensors to 
include in operation and maintenance manuals. 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. Provide all plumbing fixtures indicated on the contract drawings and as specified 
herein.   

B. The Contractor shall provide metal supports necessary to adequately and substantially 
hang and set all fixtures subject to the approval of the Architect.  No wood grounds, 
wood plugs, or expansion bolts shall be permitted for fixture support.  Provide floor 
mounted carriers where specified below and as required to hang fixtures. 

C. NSF Standard: Comply with NSF standards for materials that will be in contact with 
potable water. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

PLUMBING FIXTURES 224200 - 2 

D. Unless specified to be provided integral to the faucet, all handwashing fixtures 
(lavatories, hand sinks) shall be provided with factory calibrated mixing valve which 
conforms to ASSE 1070 not to exceed 110°. 

2.2 MANUFACTURERS 

A. Water Closet Manufacturers:  Subject to compliance with requirements, provide 
products by one of the following: 
1. American Standard America   
2. Kohler Co   
3. Sloan Valve Company   
4. TOTO USA, INC   
5. Zurn Industries, LLC 

B. Urinal Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 
1. American Standard America   
2. Kohler Co   
3. Sloan Valve Company   
4. TOTO USA, INC   
5. Zurn Industries, LLC 

C. Flushometer Valve Manufacturers:  Subject to compliance with requirements, provide 
products by one of the following: 
1. Sloan Valve Company   
2. TOTO USA, INC   
3. Zurn Industries, LLC 

D. Toilet Seat Manufacturers:  Subject to compliance with requirements, provide products 
by one of the following: 
1. American Standard America. 
2. Bemis Manufacturing Company. 
3. Church Seats. 
4. Kohler Co. 
5. Toto USA, Inc. 

E. Lavatory and Sink Manufacturers:  Subject to compliance with requirements, provide 
products by one of the following: 
1. American Standard America   
2. Kohler Co   
3. TOTO USA, INC 

F. Stainless Steel Sink Manufacturers:  Subject to compliance with requirements, provide 
products by one of the following: 
1. Eagle Group; Foodservice Equipment Division. 
2. Elkay Manufacturing Co. 
3. Griffin Products, Inc. 
4. Just Manufacturing 
5. Kohler Co   
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G. Faucet Manufacturers:  Subject to compliance with requirements, provide products by 
one of the following: 
1. American Standard America. 
2. Chicago Faucets. 
3. Eljer 
4. Kohler Co. 
5. Sloan Valve Company. 
6. T & S Brass and Bronze Works, Inc. 
7. WaterSaver 

H. Drain Accessory (P-Traps, Strainers, Angle Stops, Escutcheons and Supplies) 
Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Brasscraft 
2. Chicago 
3. Dearborn 
4. EBC 
5. McGuire 
6. Zurn 

2.3 WATER CLOSETS 

A. P-1 Water Closets: Wall mounted, back outlet, top spud. 
1. Fixture:   

a. Toto CT708EG, vitreous china, siphon jet, elongated, 1.28 gallons per 
flush, NPS 1-1/2 inlet, white with anti-microbial ceramic glaze. 

2. Flushometer Valve:   
a. Sloan G2 Optima Plus 8111-1.28 exposed, sensor activated, battery 

powered, diaphragm type, 1.28 gallons per flush, polished chrome finish, 
courtesy overide. 

3. Toilet Seat:   
a. Church No. 9500SSCT commercial heavy-duty, elongated rim, open front, 

less cover, white, stainless steel check-hinge with gasket.  Shall comply 
with American Nation Standard Z124.5. 

4. Support:  
a. Josam 12000-XSD Series extra special duty 1,000 lb floor mounted water 

closet carrier with cantilevered supports.  Include additional extension 
coupling, faceplate, and feet as required for installation in pipe space.  
Secure to floor with 1/2" bolts and anchors. 

5. Remarks: 
a. Contractor shall verify and coordinate rough-in locations. 
b. Installation shall meet the American with Disabilities Act guidelines and 

ANSI A117.1 Accessible and Usable Buildings and Facilities. 
c. Plumb trap primer connection from flush valve to floor drain. 

B. P-1a Water Closets: Floor mounted, bottom outlet, top spud. 

1. Fixture:   
a. Toto CT725CU, vitreous china, siphon jet, elongated, 1.28 gallons per 

flush, NPS 1-1/2 inlet, white with anti-microbial ceramic glaze. 
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2. Flushometer Valve:   
a. Sloan G2 Optima Plus 8111-1.28 exposed, sensor activated, battery 

powered, diaphragm type, 1.28 gallons per flush, polished chrome finish, 
courtesy overide. 

3. Toilet Seat:   
a. Church No. 9500SSCT commercial heavy-duty, elongated rim, open front, 

less cover, white, stainless steel check-hinge with gasket.  Shall comply 
with American Nation Standard Z124.5. 

4. Remarks: 
a. Contractor shall verify and coordinate rough-in locations. 
b. Installation shall meet the American with Disabilities Act guidelines and 

ANSI A117.1 Accessible and Usable Buildings and Facilities. 
c. Plumb trap primer connection from flush valve to floor drain. 

2.4 URINALS 

A. P-2 Urinals: Wall mounted, back outlet, top spud. 
1. Fixture:   

a. Toto UT105UG, vitreous china, washout flush, 0.125 gallons per flush, 
NPS 3/4 inlet, white with anti-microbial ceramic glaze. 

2. Flushometer Valve:   
a. Sloan ECOS 8186-0.125 exposed, sensor activated, battery powered, 

diaphragm type, 1.28 gallons per flush, polished chrome finish, courtesy 
overide. 

3. Strainer or Trapway:  
a. Manufacturer's standard strainer with integral trap. 

4. Support:  
a. Josam 17550 Series floor mounted urinal carrier.  Include additional 

extension coupling, faceplate, and feet as required for installation in pipe 
space. 

5. Remarks: 
a. Contractor shall verify and coordinate rough-in locations. Modern 

contoured design. 
b. Installation shall meet the American with Disabilities Act guidelines and 

ANSI A117.1 Accessible and Usable Buildings and Facilities. 

2.5 LAVATORIES 

A. P-3 Lavatories:  Oval, self-rimming, counter mounted. 
1. Fixture:   

a. American Standard 0475.047 Aqualyn, vitreous china, oval, 20 by 17 
inches, one hole faucet punching, front overflow, white. 

2. Faucet:   
a. Sloan Lino EAF-250-ITM, automatic-type, battery-powered, electronic-

sensor-operated, nonmixing, solid-brass valve, single hole, 0.5 gpm, rigid 
spout, laminar flow outlet, 6-volt lithium CR-P2 commercial battery (3-year 
life), polished chrome finish with an integral ASSE 1070 valve.  Time out 
setting for faucet shall be set for 12 seconds.   

3. Strainer:   
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a. McGuire 155-WC cast brass chrome plated offset wheelchair strainer with 
polished chrome cast brass elbow, 17 gauge 1-1/4 inch seamless brass 
offset tailpiece, heavy rubber basin washer and fiber friction washer. Offset 
lavatory strainer shall be in compliance with CSA or other recognized 
testing authority and bear both manufacturer and testing mark. 

4. Trap:   
a. McGuire 8902C cast brass chrome plated 1-1/4" x 1-1/2" P-trap with 

cleanout with 17 gauge tubular wall bend, cast brass slip nuts.  Trap shall 
be in compliance with CSA and bear both manufacturer and testing mark. 

5. Supplies and Stops:   
a. Chicago Faucets 1017-ABCP angle stop fitting with supply tube and loose 

key.  2-1/4" tee handle, tapered square broach, compression cartridge, 1/2 
NPT female thread inlet, 3/8 NPT female compression outlet. 

6. Remarks:   
a. Installation shall meet the American with Disabilities Act guidelines and 

ANSI A117.1 Accessible and Usable Buildings and Facilities. 
b. Contractor shall verify and coordinate rough-in locations. 

2.6 SINKS 

A. P-4 Kitchen Sink:  Stainless steel, self-rimming, undermount 
1. Fixture:   

a. Just Manufacturing US-ADA-1821-A undermount single-bowl sink, 
seamless 18 gauge, type 304, 18-8 stainless steel. Polished top and 
interior surfaces, highlighted bowl rim. Smooth, fully coated underside.  5 
1/2" deep, center drain punched for 3-½” drain opening. 

2. Faucet:   
a. Chicago Faucets No. 201-G8AE2805F317AB, concealed deck-mount 

faucet with 8" fixed centers, rigid/swing gooseneck spout, 8" center-to-
center, 0.5 GPM pressure compensating, non-aerating, laminar outlet, 4" 
vandal-proof wristblade handles, rebuildable compression cartridge. 

3. Strainer:   
a. McGuire 1151-WC cast brass chrome plated offset basket strainer with 

polished chrome cast brass elbow, 17 gauge 1-1/2 inch seamless brass 
offset tailpiece, heavy rubber basin washer and fiber friction washer. Offset 
basket strainer shall be in compliance with CSA or other recognized testing 
authority and bear both manufacturer and testing mark. 

4. Trap:   
a. McGuire 8912C cast brass chrome plated 1-1/2" x 1-1/2" P-trap with 

cleanout with 17 gauge tubular wall bend, cast brass slip nuts.  Trap shall 
be in compliance with CSA and bear both manufacturer and testing mark. 

5. Supplies and Stops:   
a. Chicago Faucets 1017-ABCP angle stop fitting with supply tube and loose 

key.  2-1/4" tee handle, tapered square broach, compression cartridge, 1/2 
NPT female thread inlet, 3/8 NPT female compression outlet. 

6. Remarks:   
a. Installation shall meet the American with Disabilities Act guidelines and 

ANSI A117.1 Accessible and Usable Buildings and Facilities. 
b. Contractor shall verify and coordinate rough-in locations. 
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B. P-5 Mop Sink:  Floor mounted, terrazzo. 
1. Fixture: 

a. Fiat Model TSBC1610 corner mop sink, one piece, 24”x24” precast, ground 
and polished terrazzo with stainless steel caps.  

2. Faucet: 
a. Chicago Faucets No. 897-CP, wall mounted sink faucet for hot and cold 

water with 7-5/8" - 8-3/8" adjustable centers.  Chrome plated, vacuum 
breaker spout with pail hook and wall brace.  2-3/8" metal, vandal-proof, 
lever handles with sixteen-point, tapered broach and secured blue and red 
index buttons. Rebuildable compression cartridge, opens and closes 90°, 
closes with water pressure, features square, tapered stem.  Adjustable 
supply arms shall include 1/2" NPT female union nut. 3/4" male hose 
thread outlet. Integral stop valves for servicing the faucet. 

3. Strainer: 
a. Fiat 1453-BB flat type stainless steel. 

4. Remarks: 
a. Fiat E-77-AA vinyl bumper guard, Fiat 889-CC mop hanger and stainless 

steel wall guards.   
b. Install terrazzo mop basin on 1/2" layer of mortar per manufacturer's 

instructions. 
c. Contractor shall verify and coordinate rough-in locations. 

2.7 WATER OUTLET BOXES 

A. P-6 Clothes Washer Outlet Box: Recessed. 
1. Fixture: 

a. IPS Guy Gray Model T200TPPVCHA water outlet box, 20 gauge box and 
20 gauge faceplate, white powder coat on cold rolled steel finish, 1/4 turn 
ball valve with 1/2” sweat connection and hammer arrester, 2” drain. 

2. Remark: 
a. Contractor shall verify and coordinate rough-in locations. 

2.8 GROUT 

A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, 
dry, hydraulic-cement grout. 

B. Characteristics: Nonshrink; recommended for interior and exterior applications. 

C. Design Mix: 5000-psi, 28-day compressive strength. 

D. Packaging: Premixed and factory packaged. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in of water supply and sanitary drainage and vent piping systems to 
verify actual locations of piping connections before fixture installation. 

B. Examine walls and floors for suitable conditions where fixtures will be installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 FIXTURE INSTALLATION 

A. Water-Closets: 
1. Water-Closet Installation: 

a. Install level and plumb according to roughing-in drawings. 
b. Install floor-mounted water closets on bowl-to-drain connecting fitting 

attachments to piping or building substrate. 
c. Install accessible, wall-mounted water closets at mounting height for 

handicapped/elderly, according to ICC/ANSI A117.1. 
2. Support Installation: 

a. Install supports, affixed to building substrate, for wall-hung water closets. 
b. Use carrier supports with waste-fitting assembly and seal. 
c. Install floor-mounted, back-outlet water closets attached to building floor 

substrate, onto waste-fitting seals; and attach to support. 
d. Install wall-mounted, back-outlet water-closet supports with waste-fitting 

assembly and waste-fitting seals; and affix to building substrate. 
3. Flushometer Valve Installation: 

a. Install flushometer-valve, water-supply fitting on each supply to each water 
closet. 

b. Attach supply piping to supports or substrate within pipe spaces behind 
fixtures. 

c. Install lever-handle flushometer valves for accessible water closets with 
handle mounted on open side of water closet. 

d. Install actuators in locations that are easy for people with disabilities to 
reach, with handle mounted on accessible side of fixture.   

e. Provide offset flush connection as required to coordinate with wall mounted 
grab bars to all ADA water closets with flush valves. 

4. Install toilet seats on water closets. 

B. Urinals: 
1. Urinal Installation: 

a. Install urinals level and plumb according to roughing-in drawings. 
b. Install wall-hung, back-outlet urinals onto waste fitting seals and attached 

to supports. 
c. Install wall-hung, bottom-outlet urinals with tubular waste piping attached to 

supports. 
d. Install accessible, wall-mounted urinals at mounting height for the 

handicapped/elderly, according to ICC/ANSI A117.1. 
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e. Install trap-seal liquid in waterless urinals. 
2. Support Installation: 

a. Install supports, affixed to building substrate, for wall-hung urinals. 
b. Use off-floor carriers with waste fitting and seal for back-outlet urinals. 
c. Use carriers without waste fitting for urinals with tubular waste piping. 
d. Use chair-type carrier supports with rectangular steel uprights for 

accessible urinals. 
3. Flushometer-Valve Installation: 

a. Install flushometer-valve water-supply fitting on each supply to each urinal. 
b. Attach supply piping to supports or substrate within pipe spaces behind 

fixtures. 
c. Install lever-handle flushometer valves for accessible urinals with handle 

mounted on accessible side of fixture. 

C. Lavatories: 
1. Install lavatories level and plumb according to roughing-in drawings. 
2. Install supports, affixed to building substrate, for wall-mounted lavatories. 
3. All faucet handles, where possible, shall have color coded "indexes" identifying 

the service used. 
4. Install accessible wall-mounted lavatories at handicapped/elderly mounting 

height for people with disabilities or the elderly, according to ICC/ANSI A117.1. 
5. Install protective shielding pipe covers and enclosures on exposed supplies and 

waste piping of accessible lavatories. Comply with requirements in 
Section 220700 "Plumbing Insulation." 

D. Sinks 
1. Install sinks level and plumb according to roughing-in drawings. 
2. Install supports, affixed to building substrate, for wall-hung sinks. 
3. Install accessible wall-mounted sinks at handicapped/elderly mounting height 

according to ICC/ANSI A117.1. 
4. Set floor-mounted sinks in leveling bed of cement grout. 
5. Install water-supply piping with stop on each supply to each sink faucet. 

a. Install stops in locations where they can be easily reached for operation. 
b. Install check valves on water-supply piping serving mop sink faucets. 

6. All faucet handles, where possible, shall have color coded "indexes" identifying 
the service used. 

7. Install protective shielding pipe covers and enclosures on exposed supplies and 
waste piping of accessible sinks. Comply with requirements in Section 220700 
"Plumbing Insulation." 

E. Water Outlet Boxes: 
1. Install outlet boxes recessed in wall or surface mounted on wall. Install 2-by-4-

inch fire-retardant-treated-wood blocking, wall reinforcement between studs. 

F. Wall Flange and Escutcheon Installation: 
1. Install wall flanges or escutcheons at piping wall penetrations in exposed, 

finished locations and within cabinets and millwork. 
2. Install deep-pattern escutcheons if required to conceal protruding fittings. 
3. Comply with escutcheon requirements specified in Section 220518 "Escutcheons 

for Plumbing Piping." 
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G. Joint Sealing: 
1. Seal joints between fixtures and walls and floors using sanitary-type, one-part, 

mildew-resistant silicone sealant. 
2. Match sealant color to fixture color. 
3. Comply with sealant requirements specified in Section 079200 "Joint Sealants." 

H. Confirm operation of all electronic-sensor mechanisms.  If hard-wired through 
transformers, test operation of electronic-sensor mechanisms prior to installing back-up 
batteries  

I. Install fresh batteries in battery-powered, electronic-sensor mechanisms. 

3.3 CONNECTIONS 

A. Connect fixtures with water supplies and soil, waste, and vent piping. Use size fittings 
required to match fixtures. 

B. Comply with water piping requirements specified in Section 221116 "Domestic Water 
Piping." 

C. Comply with soil and waste piping requirements specified in Section 221316 "Sanitary 
Waste and Vent Piping." 

D. Where installing piping adjacent to fixtures, allow space for service and maintenance. 

3.4 ADJUSTING 

A. Operate and adjust fixtures and controls. Replace damaged and malfunctioning 
fixtures, fittings, and controls. 

B. Adjust water pressure at flushometer valves to produce proper flow. 

C. Adjust detection range and flow duration for all electronic-sensor mechanisms. 

3.5 CLEANING AND PROTECTION 

A. Clean fixtures and fittings with manufacturers' recommended cleaning methods and 
materials. 

B. Install protective covering for installed fixtures and fittings. 

C. Do not allow use of fixtures for temporary facilities unless approved in writing by 
Owner. 

END OF SECTION 224200 
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SECTION 226813 - FACILITY NATURAL-GAS PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Pipes, tubes, and fittings. 
2. Piping specialties. 
3. Piping and tubing joining materials. 
4. Manual gas shutoff valves. 
5. Earthquake valves. 
6. Pressure regulators. 
7. Dielectric fittings. 

1.3 DEFINITIONS 

A. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, 
furred spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces 
above ceilings, unexcavated spaces, crawlspaces, and tunnels. 

B. Exposed, Interior Installations: Exposed to view indoors. Examples include finished 
occupied spaces and mechanical equipment rooms. 

C. Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor 
ambient temperatures and weather conditions. Examples include rooftop locations. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of the following: 
1. Piping specialties. 
2. Corrugated, stainless-steel tubing with associated components. 
3. Valves. Include pressure rating, capacity, settings, and electrical connection data 

of selected models. 
4. Pressure regulators. Indicate pressure ratings and capacities. 
5. Dielectric fittings. 

B. Shop Drawings: For facility natural-gas piping layout. Include plans, piping layout and 
elevations, sections, and details for fabrication of pipe anchors, hangers, supports for 
multiple pipes, alignment guides, expansion joints and loops, and attachments of the 
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same to building structure. Detail location of anchors, alignment guides, and expansion 
joints and loops. 
1. Shop Drawing Scale: 1/4 inch per foot. 

C. Delegated-Design Submittal: For natural-gas piping and equipment indicated to comply 
with performance requirements and design criteria, including analysis data signed and 
sealed by the qualified professional engineer responsible for their preparation. 
1. Detail fabrication and assembly of seismic restraints. 
2. Design Calculations: Calculate requirements for selecting seismic restraints. 

1.5 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For motorized gas valves, pressure regulators and 
service meters to include in emergency, operation, and maintenance manuals. 

1.7 QUALITY ASSURANCE 

A. Steel Support Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME 
Boiler and Pressure Vessel Code. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through 
shipping, storage, and handling to prevent pipe end damage and to prevent entrance of 
dirt, debris, and moisture. 

B. Store and handle pipes and tubes having factory-applied protective coatings to avoid 
damaging coating, and protect from direct sunlight. 

C. Protect stored PE pipes from direct sunlight. 

1.9 PROJECT CONDITIONS 

A. Perform site survey, research public utility records, and verify existing utility locations. 
Contact utility-locating service for area where Project is located. 
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B. Interruption of Existing Natural-Gas Service: Do not interrupt natural-gas service to 
facilities occupied by Owner or others unless permitted under the following conditions 
and then only after arranging to provide purging and startup of natural-gas supply 
according to requirements indicated: 
1. Notify Owner no fewer than ten days in advance of proposed interruption of 

natural-gas service. 
2. Do not proceed with interruption of natural-gas service without Owner's written 

permission. 

1.10 COORDINATION 

A. Coordinate sizes and locations of concrete bases with actual equipment provided. 

B. Coordinate requirements for access panels and doors for valves installed concealed 
behind finished surfaces. Comply with requirements in Section 083113 "Access Doors 
and Frames." 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Minimum Operating-Pressure Ratings: 
1. Piping and Valves: 100 psig minimum unless otherwise indicated. 
2. Service Regulators: 65 psig minimum unless otherwise indicated. 

B. Natural-Gas System Pressure within Buildings: As indicated on the drawings.  Not 
more than 5 psig. 

C. Delegated Design: Design restraints and anchors for natural-gas piping and 
equipment, including comprehensive engineering analysis by a qualified professional 
engineer, using performance requirements and design criteria indicated. 

2.2 PIPING MATERIALS 

A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, 
fitting materials, and joining methods for specific services, service locations, and pipe 
sizes. 

B. All pipe and fittings shall be from a United States domestic manufacturer. 

2.3 PIPES, TUBES, AND FITTINGS 

A. Steel Pipe: ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B. 
1. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150, standard pattern. 
2. Wrought-Steel Welding Fittings: ASTM A 234/A 234M for butt welding and socket 

welding. 
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3. Unions: ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground 
joint, and threaded ends. 

4. Forged-Steel Flanges and Flanged Fittings: ASME B16.5, minimum Class 150, 
including bolts, nuts, and gaskets of the following material group, end 
connections, and facings: 
a. Material Group: 1.1. 
b. End Connections: Threaded or butt welding to match pipe. 
c. Lapped Face: Not permitted underground. 
d. Gasket Materials: ASME B16.20, metallic, flat, asbestos free, aluminum o-

rings, and spiral-wound metal gaskets. 
e. Bolts and Nuts: ASME B18.2.1, carbon steel aboveground and stainless 

steel underground. 
5. Protective Coating for Underground Piping: Factory-applied, three-layer coating 

of epoxy, adhesive, and PE. 
a. Joint Cover Kits: Epoxy paint, adhesive, and heat-shrink PE sleeves. 

2.4 PIPING SPECIALTIES 

A. Appliance Flexible Connectors: 
1. Indoor, Fixed-Appliance Flexible Connectors: Comply with ANSI Z21.24. 
2. Indoor, Movable-Appliance Flexible Connectors: Comply with ANSI Z21.69. 
3. Outdoor, Appliance Flexible Connectors: Comply with ANSI Z21.75. 
4. Corrugated stainless-steel tubing with polymer coating. 
5. Operating-Pressure Rating: 0.5 psig. 
6. End Fittings: Zinc-coated steel. 
7. Threaded Ends: Comply with ASME B1.20.1. 
8. Maximum Length: 60 inches 

B. Y-Pattern Strainers: 
1. Body: ASTM A 126, Class B, cast iron with bolted cover and bottom drain 

connection. 
2. End Connections: Threaded ends for NPS 2 and smaller; flanged ends for 

NPS 2-1/2 and larger. 
3. Strainer Screen: 40-mesh startup strainer, and perforated stainless-steel basket 

with 50 percent free area. 
4. CWP Rating: 125 psig. 

C. Weatherproof Vent Cap: Cast- or malleable-iron increaser fitting with corrosion-
resistant wire screen, with free area at least equal to cross-sectional area of connecting 
pipe and threaded-end connection. 

2.5 JOINING MATERIALS 

A. Joint Compound and Tape: Suitable for natural gas. 

B. Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials 
appropriate for wall thickness and chemical analysis of steel pipe being welded. 
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2.6 MANUAL GAS SHUTOFF VALVES 

A. See "Aboveground Manual Gas Shutoff Valve Schedule" Articles for where each valve 
type is applied in various services. 

B. General Requirements for Metallic Valves, NPS 2 and Smaller: Comply with 
ASME B16.33. 
1. CWP Rating: 125 psig. 
2. Threaded Ends: Comply with ASME B1.20.1. 
3. Tamperproof Feature: Locking feature for valves indicated in "Aboveground 

Manual Gas Shutoff Valve Schedule" Articles. 
4. Listing: Listed and labeled by an NRTL acceptable to authorities having 

jurisdiction for valves 1 inch and smaller. 
5. Service Mark: Valves 1-1/4 inches to NPS 2 shall have initials "WOG" 

permanently marked on valve body. 

C. General Requirements for Metallic Valves, NPS 2-1/2 and Larger: Comply with 
ASME B16.38. 
1. CWP Rating: 125 psig. 
2. Flanged Ends: Comply with ASME B16.5 for steel flanges. 
3. Tamperproof Feature: Locking feature for valves indicated in "Aboveground 

Manual Gas Shutoff Valve Schedule" Articles. 
4. Service Mark: Initials "WOG" shall be permanently marked on valve body. 

D. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim: MSS SP-110. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. A.Y. McDonald Mfg. Co.   
b. Apollo Flow Controls; Conbraco Industries, Inc. 
c. BrassCraft Manufacturing Co.; a Masco company  
d. Lyall, R. W. & Company, Inc 
e. Perfection Corporation 

2. Body: Bronze, complying with ASTM B 584. 
3. Ball: Chrome-plated bronze. 
4. Stem: Bronze; blowout proof. 
5. Seats: Reinforced TFE; blowout proof. 
6. Packing: Threaded-body packnut design with adjustable-stem packing. 
7. Ends: Threaded, flared, or socket as indicated in "Underground Manual Gas 

Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" 
Articles. 

8. CWP Rating: 600 psig. 
9. Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL 

acceptable to authorities having jurisdiction. 
10. Service: Suitable for natural-gas service with "WOG" indicated on valve body. 

E. Bronze Plug Valves: MSS SP-78. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. A.Y. McDonald Mfg. Co.   
b. Lee Brass Company 

2. Body: Bronze, complying with ASTM B 584. 
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3. Plug: Bronze. 
4. Ends: Threaded, socket, or flanged as indicated in "Underground Manual Gas 

Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" 
Articles. 

5. Operator: Square head or lug type with tamperproof feature where indicated. 
6. Pressure Class: 125 psig. 
7. Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL 

acceptable to authorities having jurisdiction. 
8. Service: Suitable for natural-gas service with "WOG" indicated on valve body. 

F. Cast-Iron, Nonlubricated Plug Valves: MSS SP-78. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. American Production Valve  
b. A.Y. McDonald Mfg. Co. 
c. Durco 
d. Homestead 
e. Mueller Co. 

2. Body: Cast iron, complying with ASTM A 126, Class B. 
3. Plug: Bronze or nickel-plated cast iron. 
4. Seat: Coated with thermoplastic. 
5. Stem Seal: Compatible with natural gas. 
6. Ends: Threaded or flanged as indicated in "Underground Manual Gas Shutoff 

Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" 
Articles. 

7. Operator: Square head or lug type with tamperproof feature where indicated. 
8. Pressure Class: 125 psig. 
9. Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL 

acceptable to authorities having jurisdiction. 
10. Service: Suitable for natural-gas service with "WOG" indicated on valve body. 

G. Valve Boxes: 
1. Cast-iron, two-section box. 
2. Top section with cover with "GAS" lettering. 
3. Bottom section with base to fit over valve and barrel a minimum of 5 inches in 

diameter. 
4. Adjustable cast-iron extensions of length required for depth of bury. 
5. Include tee-handle, steel operating wrench with socket end fitting valve nut or flat 

head, and with stem of length required to operate valve. 

2.7 EARTHQUAKE VALVES 

A. Earthquake Valves, Maximum Operating Pressure of 5 psig: Comply with ASCE 25. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Vanguard Valves, Inc 

2. Listing: Listed and labeled by an NRTL acceptable to authorities having 
jurisdiction. 

3. Maximum Operating Pressure: 5 psig. 
4. Cast-aluminum body with nickel-plated chrome steel internal parts. 
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5. Nitrile-rubber valve washer. 
6. Sight windows for visual indication of valve position. 
7. Threaded end connections complying with ASME B1.20.1. 
8. Wall mounting bracket with bubble level indicator. 

2.8 PRESSURE REGULATORS 

A. General Requirements: 
1. Single stage and suitable for natural gas. 
2. Steel jacket and corrosion-resistant components. 
3. Elevation compensator. 
4. End Connections: Threaded for regulators NPS 2 and smaller; flanged for 

regulators NPS 2-1/2 and larger. 

B. Line Pressure Regulators: Comply with ANSI Z21.80. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Actaris   
b. American Meter Company   
c. Eclipse Innovative Thermal Technologies 
d. Fisher Control Valves & Instruments; a brand of Emerson Process 

Management 
e. Itron Gas   
f. Maxitrol Company 
g. Richards Industries 
h. Sensus 

2. Body and Diaphragm Case: Cast iron or die-cast aluminum. 
3. Springs: Zinc-plated steel; interchangeable. 
4. Diaphragm Plate: Zinc-plated steel. 
5. Seat Disc: Nitrile rubber resistant to gas impurities, abrasion, and deformation at 

the valve port. 
6. Orifice: Aluminum; interchangeable. 
7. Seal Plug: Ultraviolet-stabilized, mineral-filled nylon. 
8. Single-port, self-contained regulator with orifice no larger than required at 

maximum pressure inlet, and no pressure sensing piping external to the 
regulator. 

9. Pressure regulator shall maintain discharge pressure setting downstream, and 
not exceed 150 percent of design discharge pressure at shutoff. 

10. Overpressure Protection Device: Factory mounted on pressure regulator. 
11. Atmospheric Vent: Factory- or field-installed, stainless-steel screen in opening if 

not connected to vent piping.   
a. Regulator may include vent limiting device, instead of vent connection, if 

approved by authorities having jurisdiction. 
12. Maximum Inlet Pressure: 5 psig. 

C. Appliance Pressure Regulators: Comply with ANSI Z21.18. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Eaton   
b. Harper Wyman Co   
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c. Maxitrol Company   
d. SCP, Inc 

2. Body and Diaphragm Case: Die-cast aluminum. 
3. Springs: Zinc-plated steel; interchangeable. 
4. Diaphragm Plate: Zinc-plated steel. 
5. Seat Disc: Nitrile rubber. 
6. Seal Plug: Ultraviolet-stabilized, mineral-filled nylon. 
7. Factory-Applied Finish: Minimum three-layer polyester and polyurethane paint 

finish. 
8. Regulator may include vent limiting device, instead of vent connection, if 

approved by authorities having jurisdiction. 
9. Maximum Inlet Pressure: 1 psig. 

2.9 DIELECTRIC FITTINGS 

A. General Requirements: Assembly of copper alloy and ferrous materials with separating 
nonconductive insulating material. Include end connections compatible with pipes to be 
joined. 

B. Dielectric unions shall not be used.  In lieu of dielectric union, use an approved brass 
fitting. 

2.10 LABELING AND IDENTIFYING 

A. Detectable Warning Tape: Acid- and alkali-resistant, PE film warning tape 
manufactured for marking and identifying underground utilities, a minimum of 6 inches 
wide and 4 mils thick, continuously inscribed with a description of utility, with metallic 
core encased in a protective jacket for corrosion protection, detectable by metal 
detector when tape is buried up to 30 inches deep; colored yellow. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in for natural-gas piping system to verify actual locations of piping 
connections before equipment installation. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Close equipment shutoff valves before turning off natural gas to premises or piping 
section. 

B. Inspect natural-gas piping according to the International Fuel Gas Code to determine 
that natural-gas utilization devices are turned off in piping section affected. 
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C. Comply with the International Fuel Gas Code requirements for prevention of accidental 
ignition. 

3.3 INSTALLATION OF OUTDOOR PIPING 

A. Comply with the International Fuel Gas Code for installation and purging of natural-gas 
piping. 

B. Steel Piping with Protective Coating: 
1. Apply joint cover kits to pipe after joining to cover, seal, and protect joints. 
2. Repair damage to PE coating on pipe as recommended in writing by protective 

coating manufacturer, or replace pipe having damaged PE coating with new pipe. 

C. Install fittings for changes in direction and branch connections. 

D. Install pressure gage downstream from each service regulator.  

3.4 INSTALLATION OF INDOOR PIPING 

A. Comply with the International Fuel Gas Code for installation and purging of natural-gas 
piping. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
piping systems. Indicated locations and arrangements are used to size pipe and 
calculate friction loss, expansion, and other design considerations. Install piping as 
indicated unless deviations to layout are approved on Coordination Drawings. 

C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure 
during progress of construction, to allow for mechanical installations. 

D. Do not install piping in concealed locations unless sleeved with the sleeve open at both 
ends. 

E. Install piping indicated to be exposed and piping in equipment rooms and service areas 
at right angles or parallel to building walls. Diagonal runs are prohibited unless 
specifically indicated otherwise. 

F. Where installing piping above accessible ceilings, allow sufficient space for ceiling 
panel removal. 

G. Locate valves for easy access. Do not locate valves within return air plenums. 

H. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment 
traps. 

I. Install piping free of sags and bends. 

J. Install fittings for changes in direction and branch connections. 

K. Verify final equipment locations for roughing-in. 
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L. Comply with requirements in Sections specifying gas-fired appliances and equipment 
for roughing-in requirements. 

M. Drips and Sediment Traps: Install drips at points where condensate may collect, 
including service-meter outlets. Locate where accessible to permit cleaning and 
emptying. Do not install where condensate is subject to freezing. 
1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or 

capped. Use nipple a minimum length of 3 pipe diameters, but not less than 3 
inches long and same size as connected pipe. Install with space below bottom of 
drip to remove plug or cap. 

2. Install sediment trap on both sides of regulators for gas reduction to 2 psig with 
valve and capped. 

N. Extend relief vent connections for service regulators, line regulators, and overpressure 
protection devices to outdoors and terminate with weatherproof vent cap. 

O. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below 
grade or floors, and in floor channels unless indicated to be exposed to view. 

P. Concealed Location Installations: Except as specified below, install concealed natural-
gas piping and piping installed under the building in containment conduit constructed of 
steel pipe with welded joints as described in Part 2. Install a vent pipe from 
containment conduit to outdoors and terminate with weatherproof vent cap. 
1. Above Accessible Ceilings: Natural-gas piping, fittings, valves, and regulators 

may be installed in accessible spaces without containment conduit. 
2. In Walls or Partitions: Protect tubing installed inside partitions or hollow walls 

from physical damage using steel striker barriers at rigid supports. 
a. Exception: Tubing passing through partitions or walls does not require 

striker barriers. 
3. Prohibited Locations: 

a. Do not install natural-gas piping in or through circulating air ducts, clothes 
or trash chutes, chimneys or gas vents (flues), ventilating ducts, or 
dumbwaiter or elevator shafts. 

b. Do not install natural-gas piping in solid walls or partitions. 

Q. Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level 
side down. 

R. Connect branch piping from top or side of horizontal piping. 

S. Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to 
each piece of equipment. Unions are not required at flanged connections. 

T. Do not use natural-gas piping as grounding electrode. 

U. Install strainer on inlet of each line-pressure regulator and automatic or electrically 
operated valve. 

V. Install pressure gauge upstream and downstream from each line regulator. Pressure 
gauges are specified in Section 220519 "Meters and Gauges for Plumbing Piping." 
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W. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with 
requirements for sleeves specified in Section 220517 "Sleeves and Sleeve Seals for 
Plumbing Piping." 

X. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with 
requirements for sleeve seals specified in Section 220517 "Sleeves and Sleeve Seals 
for Plumbing Piping." 

Y. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with 
requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC 
Piping." 

3.5 INSTALLATION OF VALVES 

A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless-
steel tubing, aluminum, or copper connector. 

B. Install underground valves with valve boxes. 

C. Install regulators and overpressure protection devices with maintenance access space 
adequate for servicing and testing. 

D. Install earthquake valves aboveground outside buildings according to listing. 

E. Do not install valves in return-air plenums. 

3.6 PIPING JOINT CONSTRUCTION 

A. Ream ends of pipes and tubes and remove burrs. 

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

C. Threaded Joints: 
1. Thread pipe with tapered pipe threads complying with ASME B1.20.1. 
2. Cut threads full and clean using sharp dies. 
3. Ream threaded pipe ends to remove burrs and restore full inside diameter of 

pipe. 
4. Apply appropriate tape or thread compound to external pipe threads unless 

dryseal threading is specified. 
5. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded 

or damaged. Do not use pipe sections that have cracked or open welds. 

D. Welded Joints: 
1. Construct joints in accordance with AWS D10.12/D10.12M, using qualified 

processes and welding operators. 
2. Bevel plain ends of steel pipe. 
3. Patch factory-applied protective coating as recommended by manufacturer at 

field welds and where damage to coating occurs during construction. 
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3.7 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements for seismic-restraint devices specified in Section 220548 
"Vibration and Seismic Controls for Plumbing Piping and Equipment." 

B. Comply with requirements in Section 220529 "Hangers and Supports for Plumbing 
Piping and Equipment " for hangers, supports, and anchor devices. 

C. Install hangers for steel piping, with maximum horizontal spacing and minimum rod 
diameters, to comply with MSS SP-58, locally enforced codes, and authorities having 
jurisdiction requirements, whichever are most stringent. 

D. Install hangers for corrugated stainless-steel tubing, with maximum horizontal spacing 
and minimum rod diameters, to comply with manufacturer's written instructions, locally 
enforced codes, and authorities having jurisdiction requirements, whichever are most 
stringent. 

E. Support horizontal piping within 12 inches of each fitting. 

F. Support vertical runs of steel piping to comply with MSS SP-58, locally enforced codes, 
and authorities having jurisdiction requirements, whichever are most stringent. 

G. Support vertical runs of corrugated stainless-steel tubing to comply with manufacturer's 
written instructions, locally enforced codes, and authorities having jurisdiction 
requirements, whichever are most stringent. 

3.8 PIPING CONNECTIONS 

A. Connect to utility's gas main according to utility's procedures and requirements. 

B. Install natural-gas piping electrically continuous and bonded to gas-appliance 
equipment grounding conductor of the circuit powering the appliance in accordance 
with NFPA 70. 

C. Where installing piping adjacent to appliances, allow space for service and 
maintenance of appliances. 

D. Connect piping to appliances using manual gas shutoff valves and unions. Install valve 
within 72 inches of each gas-fired appliance and equipment. Install union between 
valve and appliances or equipment. 

3.9 LABELING AND IDENTIFYING 

A. Comply with requirements in Section 220553 "Identification for Plumbing Piping and 
Equipment" for piping and valve identification. 

B. Install detectable warning tape directly above gas piping, 12 inches below finished 
grade, except 6 inches below subgrade under pavements and slabs. 
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3.10 PAINTING 

A. Paint exposed, exterior metal piping, valves, service regulators, service meters and 
meter bars, earthquake valves, and piping specialties, except components, with 
factory-applied paint or protective coating. 
1. Alkyd System: MPI EXT 5.1D. 

a. Prime Coat: Alkyd anticorrosive metal primer. 
b. Intermediate Coat: Exterior alkyd enamel matching topcoat. 
c. Topcoat: Exterior alkyd enamel (flat). 
d. Color: Gray. 

B. Paint exposed, interior metal piping, valves, service regulators, service meters and 
meter bars, earthquake valves, and piping specialties, except components, with 
factory-applied paint or protective coating. 
1. Alkyd System: MPI INT 5.1E. 

a. Prime Coat: Alkyd anticorrosive metal primer. 
b. Intermediate Coat: Interior alkyd matching topcoat. 
c. Topcoat: Interior alkyd (flat). 
d. Color: Gray. 

C. Damage and Touchup: Repair marred and damaged factory-applied finishes with 
materials and by procedures to match original factory finish. 

3.11 CONCRETE BASES 

A. Concrete Bases: Anchor equipment to concrete base according to seismic codes at 
Project. 
1. Construct concrete bases of dimensions indicated, but not less than 4 inches 

larger in both directions than supported unit. 
2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise 

indicated, install dowel rods on 18-inch centers around the full perimeter of the 
base. 

3. Install epoxy-coated anchor bolts for supported equipment that extend through 
concrete base, and anchor into structural concrete floor. 

4. Place and secure anchorage devices. Use supported equipment manufacturer's 
setting drawings, templates, diagrams, instructions, and directions furnished with 
items to be embedded. 

5. Install anchor bolts to elevations required for proper attachment to supported 
equipment. 

6. Use 3000-psig, 28-day, compressive-strength concrete and reinforcement as 
specified in Division 03. 

3.12 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 
1. Test, inspect, and purge natural gas according to the International Fuel Gas 

Code and authorities having jurisdiction. 
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C. Natural-gas piping will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

E. Provide minimum 48 hours notice prior to testing to allow the Architect, Engineer, 
Commissioning Agent, Owner or his representative the opportunity to attend.   

3.13 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain earthquake valves. 

3.14 OUTDOOR PIPING SCHEDULE 

A. Aboveground natural-gas piping shall be one of the following: 
1. NPS 3/4 through 2:  Steel pipe with malleable-iron fittings and threaded joints. 

B. Containment Conduit: Steel pipe with wrought-steel fittings and welded joints. Coat 
pipe and fittings with protective coating for steel piping. 

3.15 INDOOR PIPING SCHEDULE  

A. Aboveground, piping shall be one of the following: 
1. NPS 3/4 through 2:  Steel pipe with malleable-iron fittings and threaded joints. 

B. Containment Conduit: Steel pipe with wrought-steel fittings and welded joints. Coat 
pipe and fittings with protective coating for steel piping. 

C. Containment Conduit Vent Piping: Steel pipe with malleable-iron fittings and threaded 
or wrought-steel fittings with welded joints. Coat underground pipe and fittings with 
protective coating for steel piping. 

3.16 ABOVEGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE 

A. Valves for pipe sizes NPS 2 and smaller at service meter shall be one of the following: 
1. Two-piece, full-port, bronze ball valves with bronze trim. 
2. Bronze plug valve. 

B. Distribution piping valves for pipe sizes NPS 2 and smaller shall be one of the 
following: 
1. Two-piece, full-port, bronze ball valves with bronze trim. 
2. Bronze plug valve. 

C. Valves in branch piping for single appliance shall be one of the following: 
1. Two-piece, full-port, bronze ball valves with bronze trim. 
2. Bronze plug valve. 
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END OF SECTION 226813 
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SECTION 23 05 00 - COMMON WORK RESULTS FOR MECHANICAL 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section describes the common work requirements for the mechanical work 
included in Division 23 and applies to all sections of Division 23.   

1.3 DEFINITIONS 

A. Following are definitions of terms and expressions used in the Mechanical and 
Electrical Sections: 

1. Provide:  Furnish and install 
2. Directed:  Directed by the Architect or Engineer 
3. Indicated:  Indicated in Contract Documents 
4. Concealed:  Hidden from normal sight; includes items within furred 

spaces, pipe and duct shafts, above suspended ceilings and within return 
air plenums. 

5. Exposed:  Non concealed - Work within Equipment Rooms shall be 
considered exposed. 

6. Exterior: Items being or situated outside.  Items located within a crawl 
space shall be considered exterior. 

7. Conditioned:  Heated or cooled space, or both, within a building and, 
where required, provided with humidification or dehumidification means, 
so as to be capable of maintaining a space condition falling within the 
comfort envelope set forth in ASHRAE 55. 

8. Piping:  Includes pipes, fittings, valves, hangers, and accessories 
comprising a system. 

9. Ductwork:  Includes ducts, fittings, housings, dampers, hangers, air 
devices, and accessories comprising a system. 

1.4 CODES, REGULATIONS, AND PERMITS: 

A. References to codes, standards, specifications, and regulations apply to the 
latest edition adopted by the jurisdiction where the project is located. 
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B. All materials furnished and all work installed shall comply with the applicable 
rules, regulations, and recommendations of the following bodies: 

1. International Building Code  
2. International Existing Building Code  
3. International Mechanical Code  
4. International Plumbing Code  
5. International Fire Code  
6. International Energy Code  
7. National Electric Code 
8. National Fire Protection Association Standards 
9. State Fire Marshal Regulations 
10. Local Fire Marshal Regulations 
11. ASHRAE Standards and Handbooks (Latest Editions) 
12. Local Health Department 
13. State Health Department 
14. Local Utility Companies 
15. Underwriters Laboratories 
16. Owner's Insurance Underwriter Standards 
17. Environmental Protection Agency 

C. Give all necessary notices, obtain all permits, and pay all fees and other costs, 
including those for utility connections or extensions in connection with the work.  
File all necessary plans, prepare all documents, and obtain all necessary 
approvals of all governmental departments having jurisdiction.  Obtain all 
required certificates of inspection and deliver same to the Architect before 
request for acceptance and final payment for the work. 

1.5 EQUIPMENT LIST 

A. Provide a spreadsheet list of all equipment provided with the drawing tag 
number or designation, name, manufacturer, model number, serial number and 
full electrical characteristics.   

B. This list shall be provided to the TAB agent, Commissioning Agent, BAS 
providers and to the Owner prior to beginning TAB work and as soon after all 
equipment is received on site.   

1.6 EQUIPMENT START-UP AND INITIAL OPERATION 

A. No equipment shall be operated, for testing or trial use, before full compliance 
with the equipment manufacturers' specifications and instructions for the 
lubrication, alignment, direction of rotation, balance, and other applicable 
considerations. 

B. Particular care shall be taken to see that all equipment is completely 
assembled, properly lubricated, and all grease and oil cases and reservoirs 
have been filled to the correct level with the recommended lubricants. 
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C. It is the Contractor's responsibility to place each item of equipment, installed by 
him, in operating condition.  This responsibility includes all auxiliaries, piping, 
wiring, etc., the start-up of each unit, and a check of its performance. 

1.7 OPERATING AND MAINTENANCE INSTRUCTIONS 

A. Refer to Section 017900 "Demonstration and Training" for additional 
information. 

B. Upon completion of all work and all tests, Contractor shall furnish the necessary 
skilled labor and helpers for operating the systems and equipment.   

C. Contractor shall instruct the Owner's representative fully in the operation, 
adjustment, and maintenance of all equipment furnished.   

1.8 SITE VISIT 

A. Prior to preparing the bid, it is recommended that the Contractor and 
subcontractors shall visit the site and familiarize themselves with all existing 
conditions, make all necessary investigations as to locations of utilities, and all 
other matters which can affect the work.   

B. No additional compensation will be made to the Contractor as a result of his 
failure to familiarize himself with the existing conditions under which the work 
must be performed. 

1.9 DRAWINGS 

A. The Contract Drawings are diagrammatic and indicate the general arrangement 
of systems and work included in the Contract.  Any offsets, rises, or transitions 
not shown on the drawings and required to provide a complete system shall be 
provided at no additional contract cost.  Do not scale the drawings.  Consult the 
Architectural and Structural drawings and details for exact location of structure 
and equipment; where same are not definitely located, obtain this information 
from the Architect. 

B. In the event of ambiguities within or between parts of the Contract Documents, 
the contractor shall 1) provide the better quality or greater quantity of work, or 
2) comply with the more stringent requirement, either or both in accordance 
with the Architect's interpretation. 

1.10 ELECTRICAL WORK 

A. Under Division 23 MECHANICAL, provide the following items of electrical work 
which shall conform with the applicable requirements of the Electrical Division: 

1. Low voltage temperature control wiring. 
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a. Concealed wiring shall be installed in conduit. 
b. Exposed wiring shall be installed in conduit.   
c. Refer to Section 260533 - Raceways and Boxes for Electrical 

Systems for installation requirements. 

2. Interlock wiring for mechanical equipment and devices. 
3. IT/network cabling between the BAS and Owner/Agency IT network. 

B. Under Division 26 ELECTRICAL, provide: 

1. Power wiring, complete from power source to motor or equipment junction 
box, including power wiring through motor starters, power factor 
correction devices, and line reactors.  Power factor correction devices 
shall be provided under Division 23 and installed under Division 26. 

2. Motor control centers or motor starter, panelboards. 
3. All miscellaneous individual motor starters, unless noted or specified 

otherwise. 

1.11 SINGULAR NUMBER 

A. Where any device or part of equipment is herein referred to in the singular 
number (such as "valve"), such reference applies to as many such devices as 
are required to complete the installation as shown on the drawings. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Refer to Section 013300 "Submittal Procedures" for additional information.  

B. All component parts of each items of equipment or device shall bear the 
manufacturers' name plate; giving name of manufacturer, description, size, 
type, serial or model number, electrical characteristics, etc., in order to facilitate 
the maintenance or replacement.  The name plate of a subcontractor or 
distributor will not be acceptable.  Where Underwriters' Laboratories standards 
apply, material and equipment shall be approved by them and shall bear the UL 
Label. 

C. In specifying materials, three (3) general procedures are used.  The three (3) 
classifications are as follows: 

1. GROUP 1:  When a material or equipment is specified by brand name or 
other identifying information and three (3) or more brands are named it is 
considered that any one (1) of the brands so named will perform as 
desired, and the Contractor shall base his proposal on one (1) of the 
named brands.  The first brand named or identified basis of design shall 
be used as a standard.  The other brands named shall be equal to the 
specified brand in all respects.  If one (1) of the other brands named is 
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used it shall be the Contractor's responsibility to verify proper clearances 
and fit of the substituted equipment. 

2. GROUP 2:  When the material or equipment is specified with the phrase 
"...or approved equal..." after a brand name and other identifying 
information, it is intended that the brand name is used for the purpose of 
establishing a minimum acceptable standard of quality and performance 
and Contractor may base his bid proposal on any item which is in all 
respects equal to that specified and presents essentially the same 
appearance.  It shall be the Contractor's responsibility to ensure proper fit 
and clearances of all substituted equipment. 

3. GROUP 3:  When material is specified as complying with the 
requirements of published "Standard Specification" of trade associations, 
American Society of Testing and Materials, government specifications, 
etc. the Contractor shall base his proposal on any item which can be 
shown to comply in all respects to the referred "Standard Specification". 

D. It is distinctly understood: (1) that the Architect will use his own judgment in 
determining whether or not any materials, equipment or methods offered in 
substitution are equal to those specified; (2) that the decision of the Architect on 
all such questions of equality is final; and (3) that all substitutions will be made 
at no increase in cost to the Owner. 

E. Upon receipt of written approval from Architect, Contractor may proceed with 
substitution providing Contractor assumes full responsibility for, and makes, at 
his own expense, any changes or adjustments in construction or connection 
with other work that may be required by the substitution of such materials, 
equipment or methods.  In the event of any adverse decisions by the Architect 
no claim of any sort shall be made or allowed against the Owner. 

F. All pipe and fittings shall be from a domestic manufacturer. 

2.2 INSTALLATION AND COORDINATION DRAWINGS 

A. General 

1. Prior to fabricating or installing work, the contractor shall prepare, submit 
and use composite installation and coordination drawings to assure 
proper coordination and installation of work. No installation or 
construction work shall begin until the coordination drawings are 
completed, submitted, and approved.   

2. Indicate functional and spatial relationships of components of 
architectural, structural, civil, mechanical, and electrical systems.  
Composite coordination drawings shall include new and existing 
elements, components, and systems. 

3. Show relationship and integration of different construction elements that 
require coordination during fabrication or installation to fit in space 
provided or to function as intended. 
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4. Indicate locations where space is limited for installation and access and 
where sequencing and coordination of installations are important to 
efficient flow of Work. 

5. Consideration shall be made for scheduling, sequencing, movement, and 
positioning of large equipment into building during construction. 

6. Indicate penetrations in floors, walls, and ceilings and their relationship to 
assembly construction, other penetrations and installations. Identify 
where additional bracing and offsets are required to comply with Contract 
Documents. 

7. Indicate any required installation sequences to minimize cutting and 
patching. 

8. Indicate all equipment and devices indicated on wiring diagrams and 
schematics.  Where field connections are shown to factory-wired 
terminals include manufacturer's literature showing internal wiring 

9. Coordination Drawing Organization: Organize coordination drawings as 
follows: 
a. Floor Plans and Reflected Ceiling Plans: Show architectural and 

structural elements, and mechanical, plumbing, fire-protection, fire-
alarm, and electrical work.  Show locations of visible ceiling-
mounted devices relative to acoustical ceiling grid. Supplement plan 
drawings with section drawings where required to adequately 
represent the work. 

b. Plenum Space: Indicate subframing for support of ceiling and wall 
systems, mechanical, electrical, plumbing and fire protection 
components, and related work. Locate components within ceiling 
plenum to accommodate architectural ceiling height and layout of 
light fixtures indicated on Drawings. 

10. Systems: Include, but do not necessarily limit to, the following: 
a. HVAC:   

1) All  equipment and equipment bases. 
2) Size and bottom elevations of horizontal ductwork, including 

insulation, bracing, flanges, and support systems.   
3) Size and horizontal elevations of vertical ductwork, including 

insulation, bracing, flanges, and support systems. 
4) Ductwork, grilles, registers, diffusers, dampers, access 

panels,  
5) Maintenance clearances (including tube and filter removal), 

insulation installation clearances 
6) Any item that may impact coordination with other disciplines. 

b. HVAC Piping:   
1) All  equipment and equipment bases. 
2) Size and bottom elevations of horizontal piping, including 

insulation, bracing, flanges, and support systems.  Notate 
code required slope elevations. 

3) Size and horizontal elevations of vertical piping, including 
insulation, bracing, flanges, and support systems. 

4) Connections to equipment, valve and trim locations, access 
panels. 
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5) Maintenance clearances, valve steam clearances, insulation 
installation clearances 

6) Any item that may impact coordination with other disciplines. 
c. Plumbing:   

1) All  equipment and equipment bases. 
2) Size and bottom elevations of horizontal piping, including 

insulation, bracing, flanges, and support systems.  Notate 
code required slope elevations. 

3) Size and horizontal elevations of vertical piping, including 
insulation, bracing, flanges, and support systems. 

4) Connections to equipment, valve and trim locations, access 
panels. 

5) Maintenance clearances, valve steam clearances, insulation 
installation clearances 

6) Any item that may impact coordination with other disciplines. 
d. Electrical and Specialty Systems:   

1) Runs of vertical and horizontal conduit 1-1/2 inches in 
diameter and larger and racks of smaller conduit are required. 

2) Light fixture, exit light, emergency battery pack, smoke 
detector, and other fire-alarm locations. 

3) Panel board, switch board, switchgear, transformer, busway, 
generator, and motor control center locations. 

4) Location of pull boxes and junction boxes, dimensioned from 
column center lines. 

5) Any item that may affect coordination with other disciplines. 
e. Framing:  All king studs, headers, bracing, miscellaneous framing, 

and any items that may affect coordination with other disciplines. 

B. Production of Coordination Drawings 

1. Draw plans to a scale not less than 1/4 inch equals one (1) foot in 
AutoCAD or REVIT format.  Include plans, sections, and elevations of 
proposed work.  Dimension all work as specified and as required for 
coordinated installation.   

2. Reproduction of any portion of the mechanical and electrical contract 
drawings for re-submittal as a shop drawing is strictly prohibited.  Shop 
drawings produced in such a manner will be rejected and returned not 
reviewed. Installation and coordination drawings shall be to scale 
reflecting actual equipment sizes purchased for the project. 

3. The Construction Manager shall obtain and provide in AutoCAD or REVIT 
the base background documents to each contractor to establish a 
common platform for each contractor to use for their design drawings. 
Coordination will be accomplished by each Contractor superimposing his 
work on drawings. 

4. Contractor coordination meetings shall be held continuously until the 
coordination drawings are complete and approved by all parties.  
Meetings shall be scheduled as required to complete the drawings in a 
timely manner as to not impact the project schedule.  Additional time or 
compensation shall not be awarded based on the complexity or effort 
required to complete the coordination drawings.  
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5. In the event of conflicts involving location and layout of work, unless 
otherwise directed the Construction Manager shall use the following 
priority to resolve the conflict:  
a. Structure and partitions shall have highest priority. 
b. Equipment locations and access 
c. Ceiling systems and recessed light fixtures. 
d. Gravity drainage lines. 
e. Large pipe mains, valves and devices. 
f. Low pressure ductwork, diffusers, registers, grilles, dampers 
g. Small piping, tubing, electrical conduit and devices.  Conduits 

installed in corridors shall be maintained at least 6-9” above finished 
ceiling and similarly grouped and tightly spaced. 

h. Access panels. 

6. Any conflicts, etc., discovered in the coordination stages prior to 
Contractor(s) sign-off which cannot be resolved by the Contractor(s) shall 
be brought to the Architect's attention for resolution.   

C. Submittals 

1. Submit drawing files using Portable Data File (PDF) format.  Include 
transmittal indicating that each specialty trade has signed-off on each 
submitted coordination drawing.   

2. For each area, submit: 
a. Composite overlay drawing of each area with all trades shown.  
b. Individual trade drawing of each area, i.e. Reflected Ceiling Plan, 

HVAC Ductwork, HVAC Piping, Plumbing, Fire Protection, 
Electrical. 

3. Consultant will review coordination drawings to confirm that the Work is 
being coordinated, but not for the details of the coordination, which are 
Contractor's responsibility. If Consultant determines that coordination 
drawings are not being prepared in sufficient scope or detail, or are 
otherwise deficient, Consultant will so inform Contractor, who shall make 
changes as directed and resubmit. 

4. Review of coordination drawings shall not diminish responsibility under 
this Contract for final coordination of installation and maintenance 
clearances of all systems and equipment with architectural, structural, 
mechanical, electrical and other work. 

5. Contractor is responsible for timely updates to the coordination drawings 
to indicate as-built conditions for their own work. Updates are required to 
include all changes regardless of the source or reason for the change, 
including changes initiated by the Owner, Architects or Engineers. 

D. Installation 

1. Any conflicts, etc., discovered after the created and submission of the 
coordination and installation drawings and during the installation of the 
Work will be the responsibility of the Contractor(s) to resolve with the 
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approval of Architect.  Any and all costs for these resolutions shall be 
solely the responsibility of the Contractor(s). 

2. Work fabricated/installed prior to the completion of the coordination and 
installation drawings is performed at the Contractors own risk, and 
compensation of time/costs for corrections will not be awarded.   

3. Any work installed that is not in conformance with final approved 
coordination and installation drawings shall be required to be removed 
and relocated, and compensation of time/costs for corrections will not be 
awarded. 

2.3 DRIVES FOR MACHINERY 

A. Equip each motor driven machine with a V-belt drive except those which are 
specified as direct drive.  Where factory designed and assembled belt drives 
which do not conform to the following are proposed to be furnished, such non-
conformity must be noted on the shop drawings submittals and may be cause 
for rejection of the item. 

B. Provide OSHA approved guards, for all belt drives, constructed in accordance 
with SMACNA standards.  Submit shop drawings for approval. 

C. Select each drive according to the ratings and recommendations of the 
manufacturer for the service with which used, giving proper allowance for 
sheave diameter, center distance, and arc of contact less than one hundred 
eighty degrees.  Size the motor driving a pump or fan to have a nameplate 
rating of not less than ten (10) percent above the total of actual brake 
horsepower and drive loss at specified capacity.   

D. Belts shall be constructed of endless reinforced cords of long staple cotton, 
nylon, rayon, or other suitable textile fibers imbedded in rubber.  Use belt with 
correct cross section to fit properly the sheave grooves.  Carefully match belts 
for each drive. 

E. Provide any changes to the sheaves, belts, pulleys or drive package to obtain 
specified airflow.   

F. Select the motor of a capacity needed to operate the equipment at the specified 
mid-position operating condition.  Where non-overloading motors are specified, 
select the motor capacity rating at the most closed position of the motor 
sheave.  In no case shall motors be a smaller size than those indicated on the 
drawings. 

G. Do not select fan sheave smaller in diameter than thirty (30) percent of the fan 
wheel diameter. 

H. Construct sheaves of cast iron or steel, bored to fit properly on the shafts, and 
secured with key ways of proper size (not set screws).  Key ways may be 
omitted for sheaves having 1/2 inch or smaller bores where set screws may be 
used. 
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PART 3 - EXECUTION 

3.1 MATERIAL LIST 

A. Provide a spreadsheet list of all equipment provided with the drawing tag 
number or designation, name, manufacturer, model number, serial number and 
full electrical characteristics.   

B. This list shall be provided to the TAB agent, Commissioning Agent, BAS 
provider and to the Owner prior to beginning TAB work and as soon after all 
equipment is received on site.   

3.2 WORKMANSHIP 

A. The quality of workmanship required, for each trade, in the execution of work 
shall be the finest and highest obtainable in that trade working with the 
materials specified.  Workmanship shall be satisfactory to the Architect and his 
decision as to acceptable quality is final. 

B. Workmanship proven to be of poor quality or unsatisfactory in the 
commissioning phase of the project as deemed by the Architect shall be 
removed and replaced to the satisfaction of the Architect. 

3.3 EQUIPMENT PERFORMANCE 

A. All equipment, devices, controls, and hardware shall be proven to operate 
successfully throughout the guarantee period.  Systems shall be proven during 
all-weather seasons and be demonstrated to affect the design conditions at 
times.  System components or equipment items that fail to consistently deliver 
the design conditions shall be removed and replaced as directed by the 
Architect.  The cost of required equipment replacements shall be borne by the 
Contractor. 

B. All equipment shall be tested after installation and be proven to deliver the 
manufacturers quoted design capacity. When capacity is in question as 
deemed by the Architect, the Contractor shall perform a detailed and 
comprehensive field performance test to certify the equipment capacity.  
System effect or installed performance factors may not be applied to 
performance ratings unless they were previously included when the equipment 
was submitted for approval.  Equipment that fails to deliver manufacturers 
quoted design capacity shall be removed and replaced at the Contractors 
expense. 

C. Workmanship proven to be of poor quality or unsatisfactory in the 
commissioning phase of the project as deemed by the Architect shall be 
removed and replaced to the satisfaction of the Architect. 
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3.4 EQUIPMENT CONNECTIONS 

A. All equipment shall be installed and connected in accordance with the best 
engineering practice and in accordance with manufacturer's instructions and 
recommendations. Auxiliary piping, piping specialties, water seals, valves, and 
electric connections recommended by the manufacturer, required by code or 
required for proper operation shall be provided. 

3.5 WELDING 

A. Welding shall conform to current standards and recommendations of the 
National Certified Pipe Welding Bureau, with all South Carolina Occupational 
Safety and Health Acts, State, City and County Fire Prevention Code 
Requirements, and NFPA Standard 241 including provision of appropriate 
portable fire extinguishers. 

B. Before assigning any welders to work covered by this specification, the 
Contractor shall provide the Architect with the names of pipe welders to be 
employed for the work, together with each welder's assigned number, letter, or 
symbol which shall be used to identify the work of that welder and which shall 
be affixed immediately upon completion of each weld.  Contractor shall also 
submit, with the list of names, copies of each welder's certified qualification 
tests prescribed by the National Certified Welding Bureau or by other reputable 
testing laboratory using procedures covered in the American Society of 
Mechanical Engineers Building Construction Code, Section IX, "Qualification 
Standard Welding and Brazing Procedures, Welders, Brazers, and Welding and 
Brazing Operators".  Welders must be certified for all positions. 

C. If requested by the Architect, the Contractor shall submit identifying stenciled 
test coupons made by any welder in question.  The Contractor shall require any 
welder to retake the tests when, in the opinion of the Architect, the work of the 
welder creates a reasonable doubt as to his proficiency.  Tests, when required, 
shall be conducted at no additional expense to the Owner; and the welder in 
question shall not be permitted to work as a welder on this project until he has 
been recertified.  Recertification of the welder shall be made to the Architect 
only after the welder has taken and passed the required test; welder must pass 
the test without benefit of retests in order to resume work as a welder on this 
project. 

D. Welding shall conform to the ANSI Code for Pressure Piping ANSI B31.9, 
Building Services Piping.  The Contractor shall be responsible for the quality of 
welding and shall repair or replace any work not in accordance with these 
specifications.  Contractor shall, without cost to the Owner, check welds by 
radiograph, ultrasonic testing, sectioning or a combination of these methods 
wherever there is a question raised by the Architect as to the quality of a weld.  
Examination of the questionable weld shall be in addition to other system tests 
specified.  Welds shall have penetration complete to the inside diameter of the 
pipe.  The recommended spacing and levels between ends of pipes prior to 
welding shall be used in all cases to assure full penetration. 
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E. Welders on pressure piping shall be certified and carry their identification stamp 
with them.  Welds on lines with operating pressures above 100 psig shall be 
stamped. 

3.6 HANDLING AND STORAGE OF MATERIAL 

A. Proper and suitable tools, equipment and appliances for the safe and 
convenient handling and placing of all materials and equipment shall be used.  
During loading, unloading, and placing, care shall be taken in handling the 
equipment and materials so that no equipment or materials are damaged. 

B. All equipment delivered to the job site shall be stored on pedestals, above the 
ground and under roof or other approved covering.  All enclosures for 
equipment shall be weatherproof.  All motors, drives, switchgear, panels, etc. 
which are not totally enclosed, that are involved in the work, shall be stored in a 
heated, dry, water protected area with a minimum temperature of fifty degrees 
(50) Fahrenheit.  All valves shall be stored under roof on wood pedestals, 
above ground.  All insulation shall be stored under roof or in trailers, adequately 
protected from the weather. The Contractor shall follow all written instructions 
and recommendations of the manufacturer and all requirements of the Architect 
in oiling, protection and maintenance of equipment during storage. It shall be 
the Contractor's complete responsibility for the storage and care of the 
equipment and materials. 

C. If any equipment and/or materials are found to be in poor condition at the time 
of installation the Architect may, at his discretion, order the Contractor to furnish 
and install new equipment and/or material at no cost to the Owner. 

3.7 COOPERATION WITH OTHER TRADES 

A. Mechanical trades shall give full cooperation to other trades and shall furnish in 
writing, with copies to Architect any information necessary to permit the work of 
all trades to be installed satisfactorily and with least possible interference or 
delay.  Exact location of all mechanical and equipment, devices, etc. in finished 
spaces shall be coordinated with Architectural reflected ceiling plans, elevations 
and details. 

3.8 CLEANING AND PAINTING 

A. Thoroughly clean all exposed surfaces of equipment and material and leave in 
a neat, clean condition.   

B. Restore and touch-up factory finishes which have been damaged during 
construction.   
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3.9 ACCESSIBILITY 

A. Equipment shall be installed per manufacturer’s recommended clearance 
guidelines with sufficient space for maintenance personnel service, operate, 
and maintain equipment. 

B. Locate all above ceiling equipment which must be serviced, operated, or 
maintained, in fully accessible positions to eliminate the need for access panels 
and doors.  Equipment shall include, but not be limited to, valves, clean-outs, 
motors, controllers, dampers, drain points, etc.   

C. Where overhead equipment cannot be located above spaces with either no 
ceilings or removable acoustical ceiling tiles, contractor shall provide, as part of 
the contract and no expense to the Owner, fourteen (14) gauge painted steel 
access doors where required and/or where directed (color shall match ceiling).     

1. Access doors shall be Milcor or approved equal to suit material in which 
installed.   

2. Access doors installed in fire rated walls or shafts shall be labeled and 
shall match rating of the construction.   

3. Doors shall be of sufficient size to allow access to all components; 
minimum size shall be eighteen (18) inches by eighteen (18) inches.   

4. Doors in Toilet Rooms and Janitor’s Closets shall be Type 304 stainless 
steel.   

5. All doors shall have cylinder locks operable from same key.   
6. Submit shop drawings for approval.  Locations shall be coordinated with 

the Architect and indicated on the composite installation and coordination 
drawings 

D. Equipment deemed inaccessible by the Architect shall be reworked by the 
Contractor at no expense to the Owner.   

3.10 EQUIPMENT BASES AND SUPPORTS 

A. Concrete bases, curbs, and supports will be furnished and installed under this 
Division and shall be in accordance with Division 3. 

B. The Subcontractors shall furnish, to the General Contractor, all required 
foundation sizes, bolts, washers, sleeves, plates and templates for equipment. 

C. The size of the foundation bolts shall be as recommended by the manufacturer. 

D. All equipment shall be set on the foundations, shimmed level with steel shims, 
and grouted up under base for uniform bearing by the Subcontractor. 

E. Under this Section, provide all equipment supports; consisting of inertia pads, 
platforms, gratings, structural members and related materials required for the 
mechanical and electrical work. 
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F. The type and size of the supporting channels and supplementary steel shall be 
determined by the Subcontractor and shall be of sufficient strength and size to 
allow only a minimum deflection in conformance with the manufacturer's 
requirements for loading. 

3.11 MOLD AND CONDENSATION PREVENTION DURING CONSTRUCTION 

A. Piping Systems:  Cold piping systems shall not be operated prior to insulation 
and vapor barrier installation in order to prevent condensation on the piping.   

B. Air Systems:  Air handling systems shall not be operated prior to insulation and 
vapor barrier installation in order to prevent condensation on the ductwork.  Air 
systems shall not be operated in portions of the building not yet fully enclosed, 
where systems can be exposed to warm, humid air conditions. 

C. Room thermostats shall not be set lower than 74 degrees F.   

D. Contractor shall notify the Architect immediately if signs of condensation or 
mold are discovered. 

END OF SECTION 23 05 00 
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SECTION 23 05 13 - COMMON MOTOR REQUIREMENTS FOR MECHANICAL EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, general-
purpose, induction motors for use on alternating-current power systems and installed at 
equipment manufacturer's factory or shipped separately by equipment manufacturer for 
field installation. 

1.3 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices to be compatible 
with the following: 

1. Motor controllers. 
2. Torque, speed, and horsepower requirements of the load. 
3. Ratings and characteristics of supply circuit and required control sequence. 
4. Ambient and environmental conditions of installation location. 

1.4 SUBMITTALS 

A. Shop Drawings and Product Data:  Shop drawings and product data for motors shall be 
provided with the submittal package for the piece of equipment that it serves.  In 
accordance with Division 01, Section “Submittals” provide the following: 

1. Product catalog data: nameplate data and ratings; materials of construction; 
mounting arrangement, size and location of motor terminal box and conduit entry, 
grounding lugs and coatings. 

B. Warranties 

1. In addition to the warranty requirements of the General Conditions, warranties for 
each motor shall be covered in the warranty for the entire mechanical assembly 
(fan & motor, pump and motor, etc). 

C. Manufacturer Seismic Qualification Certification:  Submit certification that motors, 
accessories, and components will withstand seismic forces defined in Division 23, 
Section "Mechanical Vibration, Sound and Seismic Controls.”  Include the following: 
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1. Basis for Certification:  Indicate whether withstand certification is based on actual 
test of assembled components or on calculation. 

a. The term "withstand" means "the unit will remain in place without 
separation of any parts from the device when subjected to the seismic 
forces specified and the unit will be fully operational after the seismic 
event." 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and 
locate and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements. 

D. Operation and Maintenance Data:  For factory-installed motors to include in 
emergency, operation, and maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain factory-installed motors through one source from a single 
manufacturer. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 

C. Comply with NFPA 70, "National Electrical Code." 

D. NRTL Listing:  Motors shall be NRTL-listed. 

1. Term "Listed":  As defined in "National Electrical Code," Article 100. 
2. Listing Agency Qualifications:  "Nationally Recognized Testing Laboratory" 

(NRTL) as defined in OSHA Regulation 1910. 

E. Comply with NEMA MG 1, "Motors and Generators." 

F. Comply with UL 1004, "Motors, Electric." 

G. Provide factory test reports in accordance with Part 2 of this Section. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Whenever possible, motor and driven equipment shall be shipped complete as an 
entire assembly. 

B. Inspect equipment immediately upon arrival and any irregularities or damage shall be 
reported to the Manufacturer/Supplier immediately. 

C. Store in accordance with manufacturer’s recommendations. 
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1.7 IDENTIFICATION 

A. Nameplates:  All motors shall have a stainless steel nameplate attached with stainless 
steel fasteners on the motor.  The nameplate shall be stamped with nameplate 
markings listed in NEMA MG 1 20.60, plus the following: 

1. Manufacturer 
2. Model Number 
3. Serial Number 
4. Nominal efficiency 
5. Minimum efficiency 
6. Temperature Rise 
7. Bearing manufacturer’s name and catalog number 

PART 2 - PRODUCTS 

2.1 GENERAL MOTOR REQUIREMENTS 

A. Comply with NEMA MG 1 unless otherwise indicated. 

B. Motor requirements apply to factory-installed motors except as follows: 

1. Different ratings, performance, or characteristics for motor are specified in 
another Section. 

2. Motorized-equipment manufacturer requires ratings, performance, or 
characteristics, other than those specified in this Section, to meet performance 
specified. 

C. Contractor assumes responsibility for the correct direction of rotation required by the 
equipment drives.  In the event of damage due to reverse rotation, the equipment shall 
be repaired or replaced at no charge to the Owner. 

D. Motor Bearings:  Motor bearings shall be specifically designed for the drive application, 
and shall be approved by the Engineer.  Bearings shall have a minimum bearing life of 
B-10 or L-10 as defined by the AFBMA.  Bearings shall be designed to carry the total 
hydraulic and static thrust developed by the driven load.  Bearings shall be grease or 
oil lubricated. Oil lubricated motors shall be fitted with gravity-feed oil reservoirs. 
Grease lubricated bearings shall be regreasable (not sealed) and shall be supplied with 
grease fittings and drain plugs.  Medium voltage and variable frequency controlled 
motor bearings shall be electrically isolated from the shaft on at least one end to 
prevent transmission of electric current.  Current drain brushes shall be fitted where it 
is necessary to divert the flow of electrical current from bearings. Bearings, housing 
and brackets shall be constructed to permit access, removal and replacement of the 
bearings without disassembly of the motor. 

E. Rotor:  The rotor shall be dynamically and statically balanced.  Assembled motor shall 
be tested at the factory in accordance with latest applicable NEMA MG 1and IEEE 112 
methods of testing, and balanced at no more than 0.001 inches total peak-to-peak 
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deflection on the bearing housing and the shaft.  Overall vibration readings, including 
all vibration frequencies, shall be taken and recorded at no load and design speed. 

F. Terminal Box:  Motors shall have a watertight cable terminal box.   Terminal box shall 
be oversized, diagonally split, and rotatable in 90o increments to allow conduit and 
cable entry from top, bottom and sides. 

G. Motor Leads:  Motor leads shall be a minimum of 6 inches in length.  All motor leads 
shall be extended from the conduit box. Motors rated over 200 HP or over 600V shall 
have insulated tin plated copper busbar terminals with bolt holes for compression wire 
lugs. 

H. Drains and Breathers:  Provide drain(s) in the bottom of the motor at the lowest 
point(s). Enclosed motors shall be fitted with breathers. 

I. Screens:  Provide stainless steel screens at motor ventilation openings. 

J. Motor Shaft:  The motor shaft shall be ASTM A322 GR140 (AISI 4140) steel and shall 
be sized to accommodate the required power and torque.  Provide shaft end with 
keyway for connection to coupling with the pump shaft.  Coordinate shaft design 
requirements with driven load. 

K. Stainless Steel Hardware:  Provide corrosion resistant hardware for motor components 
including grease fittings, plugs, nuts, bolts, washers and screws. 

L. Motor Casing and Coating:  Housings shall be degreased, primed and painted both 
inside and outside with a rust inhibitive primer and corrosion resistant polyester paint.  
Painting shall be performed prior to installing the motor  stator windings.  The primer 
and paint materials selected shall be suitable for the environment encountered, both 
inside and outside of the casing. 

M. Motors connected to Variable Frequency Drives shall be “inverter duty” with additional 
magnet wire insulation to achieve a minimum motor impulse voltage rating equal to the 
VFD manufacturer’s recommendations for the motor, cable size, and cable length 
actually installed. 

N. Shaft Grounding Ring: Each motor shaft shall be provided with a Shaft Grounding Ring 
(SGR) that will provide a reliable low resistance path from the motor shaft to the motor 
frame to prevent the buildup of destructive high frequency shaft currents that are 
created by the Pulse Width Modulation of the Variable Frequency Drive units.  The 
SGR shall encircle the shaft and shall be designed to promote efficient discharge of the 
high frequency shaft currents to the motor frame.  The motor frame shall be inherently 
grounded by design. 

O. Power Factor Correction Capacitors: Provide motor power factor correction capacitors 
for all motors rated 600V or less (except variable frequency controlled motors) with less 
than 90% uncorrected power factor. Motor power factor correction capacitors shall be 
sized as recommended by the motor manufacturer to correct the motor power factor to 
over 90%. Motor power factor correction capacitor sizes shall not be larger than the 
maximum size recommended by the motor manufacturer. Enclosure type shall be 
NEMA 12. Capacitors shall be dry film type with fuses and discharge resistors. 
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P. Composite Factor:  Each motor, 1 HP or larger, or motor driven equipment, 1 HP or 
larger shall have a composite power factor (PF) rating of ninety (90) percent to 100 
percent when the driven equipment is operating at the design duty defined on the 
drawings.  Power factor correction devices shall be provided to meet the stated criteria. 

Q. Devices such as capacitors, or equipment such as solid state power factor controllers, 
shall be provided as part of the motor or item of motor driven equipment when required 
for power factor correction.  Devices shall be completely mounted and wired to the 
motor terminal except as follows: 

1. For a motor or motor driven equipment requiring other than across-the-line 
starting, power factor (PF) correcting capacitors, or other equipment, shall be 
connected to motor terminals via a contactor (controller) with a 120 volt 
alternating current (VAC) coil.  The 120 volt alternating current (VAC) coil shall 
be energized via an auxiliary contact on the contactor (controller) used to 
establish the "run" operating mode for the motor driven equipment. 

2. For two (2) speed motors, power factor (PF) shall be corrected at each speed via 
separate groups of capacitors or other equipment for each speed.  Each group of 
PF correcting components shall be connected to motor terminals via a separate 
contactor (controller) with a 120 volt alternating current (VAC) coil.  Each 120 volt 
alternating current (VAC) coil shall be energized via an auxiliary contact on the 
contactor or controller used to establish "run" operations at each speed. 

R. Locked rotor kVA shall not exceed NEMA Code Letter F for motors over 10 
horsepower. 

S. Motors shall have the following enclosure types in accordance with NEMA MG 1: 

1. For clean dry indoor areas: open drip proof (ODP) fully-guarded 
2. For outdoor locations: totally-enclosed fan-cooled for small and medium 

machines, weather protected type II for large machines 
3. Explosion-proof machines shall be provided for hazardous areas classified in 

accordance with NFPA 70 (National Electrical Code). Explosion proof motors 
shall be NRTL-listed for the hazardous area classification. 

2.2 MOTOR CHARACTERISTICS 

A. Duty: Continuous duty at ambient temperature of 105 deg F and at altitude of 3300 feet 
above sea level. 

B. Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate 
connected loads at designated speeds, at installed altitude and environment, with 
indicated operating sequence, and without exceeding nameplate ratings or considering 
service factor. 

C. Motors ½ HP and Larger:  Three phase, unless otherwise indicated. 

D. Motors Smaller Than ½ HP:  Single phase. 

E. Frequency Rating:  60 Hz. 
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F. Voltage Rating:  NEMA standard voltage selected to operate on nominal circuit voltage 
to which motor is connected. 

2.3 POLYPHASE MOTORS 

A. Description: NEMA MG 1, Design B, medium induction motor. 

B. Efficiency: Premium efficient, as defined in NEMA MG 1. 

C. Service Factor: 1.15. 

D. Stator:  Copper windings, unless otherwise indicated. 

1. Multispeed Motors: Separate winding for each speed. 

E. Rotor: Random-wound, squirrel cage. 

F. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust 
loading. 

G. Temperature Rise: One temperature rise one class below the insulation rating class; 
for example, Class B temperature rise with Class F insulation. 

H. Insulation: Class F, unless otherwise indicated. 

I. Code Letter Designation: 

1. Motors 15 HP and Larger: NEMA starting Code F or Code G. 
2. Motors Smaller Than 15 HP: Manufacturer's standard starting characteristic. 

J. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for 
motor frame sizes smaller than 324T. 

2.4 ADDITIONAL REQUIREMENTS FOR POLYPHASE MOTORS 

A. Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring 
connection requirements for controller with required motor leads. Provide terminals in 
motor terminal box, suited to control method. 

B. Motors Used with Variable-Frequency Controllers: Ratings, characteristics, and 
features coordinated with and approved by controller manufacturer. 

1. Windings: Copper magnet wire with moisture-resistant insulation varnish, 
designed and tested to resist transient spikes, high frequencies, and short time 
rise pulses produced by pulse-width-modulated inverters. 

2. Premium-Efficient Motors: Class B temperature rise; Class F insulation. 
3. Inverter-Duty Motors: Class F temperature rise; Class H insulation. 
4. Thermal Protection: Comply with NEMA MG 1 requirements for thermally 

protected motors. 
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C. Severe-Duty Motors: Comply with IEEE 841, with 1.15 minimum service factor. 

2.5 SINGLE-PHASE MOTORS 

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and 
requirements of specific motor application: 

1. Permanent-split capacitor. 
2. Split phase. 
3. Capacitor start, inductor run. 
4. Capacitor start, capacitor run. 

B. Multispeed Motors: Variable-torque, permanent-split-capacitor type. 

C. Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial 
and thrust loading. 

D. Motors 1/20 HP and Smaller: Shaded-pole type. 

E. Thermal Protection: Internal protection to automatically open power supply circuit to 
motor when winding temperature exceeds a safe value calibrated to temperature rating 
of motor insulation. Thermal-protection device shall automatically reset when motor 
temperature returns to normal range. 

PART 3 - EXECUTION 

3.1 COMMISSIONING 

A. Check operating motors for unusual conditions during normal operation.  Coordinate 
with the commissioning of the equipment for which the motor is a part. 

B. Report unusual conditions. 

C. Correct deficiencies. 

END OF SECTION 23 05 13 
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SECTION 230517 - SLEEVES AND SLEEVE SEALS FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Sleeves. 
2. Sleeve-seal systems. 
3. Sleeve-seal fittings. 
4. Grout. 

B. Related Requirements: 
1. Division 07 "Penetration Firestopping" for penetration firestopping installed in fire-

resistance-rated walls, horizontal assemblies, and smoke barriers, with and 
without penetrating items. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.1 SLEEVES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Advance Products & Systems, Inc 
2. CALPICO, Inc   
3. GPT; an EnPro Industries company 

B. Cast-Iron Pipe Sleeves: Cast or fabricated of cast or ductile iron and equivalent to 
ductile-iron pressure pipe, with plain ends and integral waterstop collar. 

C. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, anticorrosion 
coated or galvanized, with plain ends and integral welded waterstop collar. 

D. Galvanized-Steel Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed 
with welded longitudinal joint. 
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2.2 SLEEVE-SEAL SYSTEMS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Advance Products & Systems, Inc 
2. CALPICO, Inc   
3. GPT; an EnPro Industries company 
4. Metraflex Company (The)   
5. Proco Products, Inc 
6. Trumbull Industries 

B. Description: 
1. Modular sealing-element unit, designed for field assembly, for filling annular 

space between piping and sleeve. 
2. Designed to form a hydrostatic seal of 20 psig minimum. 
3. Sealing Elements: EPDM-rubber interlocking links shaped to fit surface of pipe. 

Include type and number required for pipe material and size of pipe. 
4. Pressure Plates: Carbon steel. 
5. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating, 

ASTM B 633 of length required to secure pressure plates to sealing elements. 

2.3 SLEEVE-SEAL FITTINGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Advance Products & Systems, Inc 
2. CALPICO, Inc   
3. GPT; an EnPro Industries company 
4. Metraflex Company (The)   
5. Proco Products, Inc 
6. Trumbull Industries 

B. Description:  
1. Manufactured plastic, sleeve-type, waterstop assembly made for imbedding in 

concrete slab or wall. 
2. Plastic or rubber waterstop collar with center opening to match piping OD. 

2.4 GROUT 

A. Description: Nonshrink, for interior and exterior sealing openings in non-fire-rated walls 
or floors. 

B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, 
dry, hydraulic-cement grout. 

C. Design Mix: 5000-psi, 28-day compressive strength. 

D. Packaging: Premixed and factory packaged. 
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PART 3 - EXECUTION 

3.1 SLEEVE INSTALLATION 

A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and 
walls.   

B. Fasten sleeves securely in floors and walls so that they will not become displaced 
when concrete is poured or when other construction is built around them.  Take 
precautions to prevent concrete, plaster or other materials from being forced into space 
between pipe and sleeve during construction 

C. For sleeves that will have sleeve-seal system installed, select sleeves of size large 
enough to provide 1-inch annular clear space between piping and concrete slabs and 
walls. 
1. Sleeves are not required for core-drilled holes. 

D. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs 
and walls are constructed. 
1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception: Extend sleeves installed in floors of mechanical equipment 
areas or other wet areas 2 inches above finished floor level. 

2. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-
seal system. 

E. Install sleeves for pipes passing through interior partitions. 
1. Cut sleeves to length for mounting flush with both surfaces. 
2. Install sleeves that are large enough to provide minimum 1/4-inch annular clear 

space between sleeve and pipe or pipe insulation. 
3. Seal annular space between sleeve and piping or piping insulation; use joint 

sealants appropriate for size, depth, and location of joint. 

F. Fire-Resistance-Rated Penetrations, Horizontal Assembly Penetrations, and Smoke 
Barrier Penetrations:  Maintain indicated fire or smoke rating of walls, partitions, 
ceilings, and floors at pipe penetrations. Seal pipe penetrations with fire- and smoke-
stop materials. Comply with requirements for firestopping and fill materials specified in 
Section 078413 "Penetration Firestopping." 

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at 
service piping entries into building. 

B. Select type, size, and number of sealing elements required for piping material and size 
and for sleeve ID or hole size. Position piping in center of sleeve. Center piping in 
penetration, assemble sleeve-seal-system components, and install in annular space 
between piping and sleeve. Tighten bolts against pressure plates that cause sealing 
elements to expand and make a watertight seal. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

SLEEVES AND SLEEVE SEALS FOR HVAC PIPING 230517 - 4 

3.3 SLEEVE-SEAL-FITTING INSTALLATION 

A. Install sleeve-seal fittings as new walls and slabs are constructed. 

B. Assemble fitting components of length to be flush with both surfaces of concrete slabs 
and walls. Position waterstop flange to be centered in concrete slab or wall. 

C. Secure nailing flanges to concrete forms. 

D. Using grout, seal space around outside of sleeve-seal fittings. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Leak Test: After allowing for a full cure, test sleeves and sleeve seals for leaks. 
Repair leaks and retest until no leaks exist. 

B. Sleeves and sleeve seals will be considered defective if they do not pass tests and 
inspections. 

3.5 SLEEVE AND SLEEVE-SEAL SCHEDULE 

A. Use sleeves and sleeve seals for the following piping-penetration applications: 

1. Interior Partitions: 
a. Piping Smaller Than NPS 6: Steel pipe sleeves. 
b. Piping NPS 6 and Larger: Galvanized-steel sheet sleeves. 

END OF SECTION 230517 
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SECTION 230518 - ESCUTCHEONS FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Escutcheons. 
2. Floor plates. 

1.3 DEFINITIONS 

A. Existing Piping to Remain: Existing piping that is not to be removed and that is not 
otherwise indicated to be removed, removed and salvaged, or removed and reinstalled. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. BrassCraft Manufacturing Co.; a Masco company 
2. Dearborn Brass   
3. Keeney Manufacturing Company (The) 
4. Mid-America Fittings, Inc. 
5. ProFlo; a Ferguson Enterprises, Inc. brand 

2.2 ESCUTCHEONS 

A. One-Piece, Steel Type: With polished, chrome-plated finish and setscrew fastener. 

B. One-Piece, Stainless-Steel Type: With polished stainless-steel finish. 
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C. One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew 
fastener. 

D. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped steel or brass with polished, 
chrome-plated finish and spring-clip fasteners. 

E. One-Piece, Stamped-Steel Type: With polished, chrome-plated finish and spring-clip 
fasteners. 

F. Split-Plate, Stamped-Steel Type: With polished, chrome-plated finish; concealed hinge; 
and spring-clip fasteners. 

2.3 FLOOR PLATES 

A. Split Floor Plates: Steel with concealed hinge. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install escutcheons for exposed piping penetrations of finished walls, ceilings, and 
floors. 

B. Install escutcheons on bare piping to be compatible with pipe material: 
1. Copper Piping:  Brass  
2. Ferrous Piping:  Steel. 
3. Plastic Piping:  Steel. 
4. Stainless Steel Piping:  Stainless Steel. 

C. Install escutcheons with ID to closely fit around pipe, tube, and insulation of insulated 
piping and with OD that completely covers opening. 
1. Escutcheons for New Piping and Relocated Existing Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep pattern. 
b. Chrome-Plated Piping: One-piece or split-plate, with concealed hinge with 

polished, chrome-plated finish. 
c. Insulated Piping: One-piece or split-plate with concealed hinge with 

polished, chrome-plated finish. 
d. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece 

or split-plate with concealed hinge with polished, chrome-plated finish. 
e. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece or split-

plate with concealed hinge with polished, chrome-plated finish. 
f. Bare Piping in Unfinished Service Spaces: One-piece or split-plate with 

concealed hinge with polished, chrome-plated finish. 
g. Bare Piping in Equipment Rooms: One-piece or split-plate with concealed 

hinge with polished, chrome-plated finish. 
2. Escutcheons for Existing Piping to Remain: 

a. Chrome-Plated Piping: Split-plate with concealed hinge with polished, 
chrome-plated finish. 
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b. Insulated Piping: Split-plate, stamped steel with concealed hinge with 
polished, chrome-plated finish. 

c. Bare Piping at Wall and Floor Penetrations in Finished Spaces: Split-plate 
with concealed hinge with polished, chrome-plated finish. 

d. Bare Piping at Ceiling Penetrations in Finished Spaces: Split-plate with 
concealed hinge with polished, chrome-plated finish. 

e. Bare Piping in Unfinished Service Spaces: Split-plate with concealed hinge 
with polished, chrome-plated finish. 

f. Bare Piping in Equipment Rooms: Split-plate with concealed hinge with 
polished, chrome-plated finish. 

D. Install floor plates for exposed piping penetrations of floors in finished areas with ID to 
closely fit around pipe, tube, and insulation of piping and with OD that completely 
covers opening. 
1. New Piping and Relocated Existing Piping: One-piece, floor plate. 
2. Existing Piping: Split floor plate. 

3.2 FIELD QUALITY CONTROL 

A. Using new materials, replace broken and damaged escutcheons and floor plates. 

END OF SECTION 230518 
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SECTION 230523 - VALVES FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Angle valves 
2. Globe valves 
3. Ball valves 
4. Check valves 

1.3 DEFINITIONS 

A. CWP: Cold working pressure. 

B. EPDM: Ethylene propylene-diene terpolymer rubber. 

C. NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.  

D. NRS: Nonrising stem. 

E. OS&Y: Outside screw and yoke. 

F. RS: Rising stem. 

G. SWP: Steam working pressure. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of valve. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 
1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, grooves, and weld ends. 
3. Set angle and globe valves closed to prevent rattling. 
4. Set ball valves open to minimize exposure of functional surfaces. 
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5. Set butterfly valves closed or slightly open. 

B. Use the following precautions during storage: 
1. Maintain valve end protection. 
2. Store valves indoors and maintain at higher-than-ambient dew point temperature. 

If outdoor storage is necessary, store valves off the ground in watertight 
enclosures. 

C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not 
use handwheels or stems as lifting or rigging points. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR VALVES 

A. Refer to valve schedule articles for applications of valves. 

B. Source Limitations for Valves: Obtain each type of valve from single source from single 
manufacturer. 

C. ASME Compliance: 
1. ASME B1.20.1 for threads for threaded-end valves. 
2. ASME B16.1 for flanges on iron valves. 
3. ASME B16.5 for flanges on steel valves. 
4. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design 

criteria. 
5. ASME B16.18 for solder joint. 
6. ASME B31.1 for power piping valves. 
7. ASME B31.9 for building services piping valves. 

D. AWWA Compliance: Comply with AWWA C606 for grooved-end connections. 

E. Bronze valves shall be made with dezincification-resistant materials. Bronze valves 
made with copper alloy (brass) containing more than 15 percent zinc are not permitted. 

F. Valve Pressure and Temperature Ratings: Not less than indicated and as required for 
system pressures and temperatures. 

G. Valve Sizes: Same as upstream piping unless otherwise indicated. 

H. Valve Bypass and Drain Connections: MSS SP-45. 

I. Valves in Insulated Piping: 
1. Include 2-inch stem extensions with protective sleeves that allow operation of 

valves without breaking vapor seals or disturbing insulation.  For systems 
operating below 60 deg F, provide extended operating handles of nonthermal-
conductive material. 

2. For valves used for throttling or balancing, include memory stops that are fully 
adjustable after insulation is applied. 
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2.2 ANGLE VALVES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Crane; Crane Energy Flow Solutions 
2. KITZ Corporation   

B. Bronze Angle Valves, Class 150: 
1. Description: 

a. Standard: MSS SP-80, Type 1. 
b. CWP Rating: 300 psig. 
c. Body Material: ASTM B 62, bronze with integral seat and union-ring 

bonnet. 
d. Ends: Threaded. 
e. Stem and Disc: Bronze. 
f. Packing: Asbestos free. 
g. Handwheel: Malleable iron. 

2.3 GLOBE VALVES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Apollo Flow Controls; Conbraco Industries, Inc. 
2. Crane; Crane Energy Flow Solutions 
3. Hammond Valve 
4. KITZ Corporation   
5. Milwaukee Valve Company   
6. NIBCO INC.   
7. Stockham; Crane Energy Flow Solutions 
8. WATTS 
9. Velan, Inc 
10. Victaulic Company 
11. Vogt 

B. Bronze Globe Valves, Class 125: 
1. Description: 

a. Standard: MSS SP-80, Type 1. 
b. CWP Rating: 200 psig. 
c. Body Material: ASTM B 62, bronze with integral seat and screw-in bonnet. 
d. Ends: Threaded or solder joint. 
e. Stem and Disc: Bronze. 
f. Packing: Asbestos free. 
g. Handwheel: Malleable iron. 

C. Iron Globe Valves, Class 125: 
1. Description: 

a. Standard: MSS SP-85, Type I. 
b. CWP Rating: 200 psig. 
c. Body Material: ASTM A 126, gray iron with bolted bonnet. 
d. Ends: Flanged. 
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e. Trim: Bronze. 
f. Packing and Gasket: Asbestos free. 
g. Operator: Handwheel or chainwheel. 

2.4 BALL VALVES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Apollo Flow Controls; Conbraco Industries, Inc. 
2. Crane; Crane Energy Flow Solutions 
3. Hammond Valve 
4. Jamesbury; Metso 
5. KITZ Corporation   
6. Milwaukee Valve Company   
7. NIBCO INC.   
8. Viega 
9. WATTS 

B. Bronze Ball Valves, Two-Piece with Full Port and Stainless-Steel Trim: 
1. Description: 

a. Standard: MSS SP-110. 
b. SWP Rating: 150 psig. 
c. CWP Rating: 600 psig. 
d. Body Design: Two piece. 
e. Body Material: Bronze. 
f. Ends: Threaded or soldered. 

1) Press joint ends shall be acceptable only if also approved for the 
associated piping system connections. 

g. Seats: PTFE. 
h. Stem: Stainless steel. 
i. Ball: Stainless steel, vented. 
j. Port: Full. 
k. Handle:  Steel, coated lever. 

C. Steel Ball Valves, Three-Piece with Full Port Stainless-Steel Trim, Class 300: 
1. Description: 

a. Standard: MSS SP-110. 
b. CWP Rating: 1000 psig. 
c. Body Design: Three piece. 
d. Body Material: Carbon steel, ASTM A 216, Type WCB, Phosphate Coated. 
e. Ends: Threaded or Welded. 
f. Seats: Reinforced PTFE 15% glass. 
g. Stem: Stainless steel. 
h. Ball: Stainless steel, vented. 
i. Port: Full. 
j. Handle:  Steel, coated lever, lockable. 
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2.5 CHECK VALVES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Apollo Flow Controls; Conbraco Industries, Inc. 
2. Crane; Crane Energy Flow Solutions 
3. Hammond Valve 
4. KITZ Corporation   
5. Milwaukee Valve Company   
6. NIBCO INC.   
7. Stockham; Crane Energy Flow Solutions 
8. WATTS 
9. Velan, Inc 
10. Victaulic Company 
11. Vogt 

B. Bronze Swing Check Valves with Bronze Disc, Class 125: 
1. Description: 

a. Standard: MSS SP-80, Type 3. 
b. CWP Rating: 200 psig. 
c. Body Design: Horizontal flow. 
d. Body Material: ASTM B 62, bronze. 
e. Ends: Threaded. 

C. Iron Swing Check Valves with Metal Seats, Class 125: 
1. Description: 

a. Standard: MSS SP-71, Type I. 
b. CWP Rating: 200 psig. 
c. Body Design: Clear or full waterway. 
d. Body Material: ASTM A 126, gray iron with bolted bonnet. 
e. Ends: Flanged. 
f. Trim: Bronze. 
g. Gasket: Asbestos free. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. 
Remove special packing materials, such as blocks, used to prevent disc movement 
during shipping and handling. 

B. Operate valves in positions from fully open to fully closed. Examine guides and seats 
made accessible by such operations. 

C. Examine threads on valve and mating pipe for form and cleanliness. 
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D. Examine mating flange faces for conditions that might cause leakage. Check bolting for 
proper size, length, and material. Verify that gasket is of proper size, that its material 
composition is suitable for service, and that it is free from defects and damage. 

E. Do not attempt to repair defective valves; replace with new valves. 

3.2 VALVE INSTALLATION 

A. Valves shall be provided where indicated on the drawings and as herein specified. 

B. Install shut-off valves in piping where shown and where listed below: 
1. To isolate all items of equipment. 
2. To isolate motorized flow control valves. 
3. To isolate branch lines and riser at mains. 

C. Install valves with unions or flanges at each piece of equipment arranged to allow 
service, maintenance, and equipment removal without system shutdown. 

D. Locate valves for easy access and provide separate support where necessary. 

E. Install valves in horizontal piping with stem at or above center of pipe. 

F. Install valves in position to allow for handwheel operation, full stem movement and 
stuffing maintenance. 

G. Install chainwheels on operators for globe valves NPS 4 and larger and more than 96 
inches above floor. Extend chains to 60 inches above finished floor. 

H. Install check valves for proper direction of flow and as follows: 
1. Swing Check Valves: In horizontal position with hinge pin level. 
2. Center-Guided Check Valves: In horizontal or vertical position, between flanges. 

I. Install valve tags. Comply with requirements in Section 230553 "Identification for HVAC 
Piping and Equipment" for valve tags and schedules. 

3.3 ADJUSTING 

A. Adjust or replace valve packing after piping systems have been tested and put into 
service but before final adjusting and balancing. Replace valves if persistent leaking 
occurs. 

3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. If valve applications are not indicated, use the following: 
1. Throttling Service: Globe valves. 

B. If valves with specified CWP ratings are unavailable, the same types of valves with 
higher CWP ratings may be substituted. 
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C. Select valves with the following end connections: 
1. For Copper Tubing, NPS 2 and Smaller: Threaded ends except where solder-

joint valve-end option is indicated in valve schedules. 
2. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged ends except where threaded 

valve-end option is indicated in valve schedules. 
3. For Copper Tubing, NPS 5 and Larger: Flanged ends. 
4. For Steel Piping, NPS 2 and Smaller: Threaded ends. 
5. For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends except where threaded 

valve-end option is indicated in valve schedules. 
6. For Steel Piping, NPS 5 and Larger: Flanged ends. 
7. For Grooved-End Steel Piping except Steam and Steam Condensate Piping: 

Valve ends may be grooved. 

3.5 CHILLED-WATER VALVE SCHEDULE 

A. Globe Valves: 
1. Pipe NPS 2 and Smaller: Bronze globe valves, Class 125, bronze disc, with 

threaded ends. 

B. Ball Valves: 
1. Pipe NPS 2 and Smaller: Bronze ball valves, two piece, with full port and 

stainless-steel trim. 
a. Valves may be provided with solder-joint ends instead of threaded ends. 

C. Check Valves: 
1. Pipe NPS 2 and Smaller:  Bronze swing check valves with bronze disc, 

Class 125. 
a. May be provided with solder-joint ends instead of threaded ends. 

3.6 HEATING-WATER VALVE SCHEDULE 

A. Globe Valves: 
1. Pipe NPS 2 and Smaller: Bronze globe valves, Class 125, bronze disc, with 

threaded ends. 

B. Ball Valves: 
1. Pipe NPS 2 and Smaller: Bronze ball valves, two piece, with full port and 

stainless-steel trim. 
a. Valves may be provided with solder-joint ends instead of threaded ends. 

C. Check Valves: 
1. Pipe NPS 2 and Smaller:  Bronze swing check valves with bronze disc, 

Class 125. 
a. May be provided with solder-joint ends instead of threaded ends. 

END OF SECTION 230523 
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Metal pipe hangers and supports. 
2. Trapeze pipe hangers. 
3. Thermal hanger-shield inserts. 
4. Fastener systems. 
5. Pipe stands. 
6. Pipe-positioning systems. 
7. Equipment supports. 

B. Related Requirements: 
1. Section 055000 "Metal Fabrications" for structural-steel shapes and plates for 

trapeze hangers for pipe and equipment supports. 
2. Section 230548 "Vibration and Seismic Controls for HVAC" for vibration isolation 

devices. 
3. Section 233113 "Metal Ducts" for duct hangers and supports. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show 
fabrication and installation details and include calculations for the following; include 
Product Data for components: 
1. Trapeze pipe hangers. 
2. Pipe stands. 
3. Equipment supports. 

1.4 QUALITY ASSURANCE 

A. Structural-Steel Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME 
Boiler and Pressure Vessel Code, Section IX. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Structural Performance: Hangers and supports for HVAC piping and equipment shall 
withstand the effects of gravity loads and stresses within limits and under conditions 
indicated according to ASCE/SEI 7. 
1. Design supports for multiple pipes, including pipe stands, capable of supporting 

combined weight of supported systems, system contents, and test water. 
2. Design equipment supports capable of supporting combined operating weight of 

supported equipment and connected systems and components. 
3. Design seismic-restraint hangers and supports for piping and equipment. 

2.2 METAL PIPE HANGERS AND SUPPORTS 

A. Carbon-Steel Pipe Hangers and Supports: 
1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 
2. Galvanized Metallic Coatings: Hot-dip galvanized or electro-galvanized. 
3. Nonmetallic Coatings: Plastic coated or epoxy powder coated. 
4. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion 

to support bearing surface of piping. 
5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel. 

B. Stainless-Steel Pipe Hangers and Supports: 
1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 
2. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion 

to support bearing surface of piping. 
3. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel. 

C. Copper Pipe and Tube Hangers: 
1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-

fabricated components. 
2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated 

steel. 

2.3 TRAPEZE PIPE HANGERS 

A. Description: MSS SP-58, Type 59, shop- or field-fabricated pipe-support assembly 
made from structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, 
nuts, saddles, and U-bolts. 

2.4 THERMAL HANGER-SHIELD INSERTS 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide Pipe 
Shields Inc or comparable product by one of the following: 
1. Carpenter & Paterson, Inc   
2. Clement Support Services   
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3. ERICO International Corporation 
4. Insulation Components, Inc. 
5. National Pipe Hanger Corporation 
6. Pipe Shields Inc.   
7. Piping Technology & Products, Inc 
8. Rilco Manufacturing Co., Inc 

B. Insulation-Insert Material for Cold Piping: ASTM C 552, Type II cellular glass with 100-
psig or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum 
compressive strength and vapor barrier. 

C. Insulation-Insert Material for Hot Piping: Water-repellent-treated, ASTM C 533, Type I 
calcium silicate with 100-psig minimum compressive strength. 

D. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of 
pipe. 

E. For Clevis or Band Hangers: Insert shall cover entire circumference of pipe.  Shield 
shall cover lower 180 degrees of pipe. 

F. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below 
ambient air temperature. 

2.5 FASTENER SYSTEMS 

A. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement 
concrete, with pull-out, tension, and shear capacities appropriate for supported loads 
and building materials where used. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Hilti, Inc.   
b. ITW Ramset/Red Head; Illinois Tool Works, Inc. 
c. MKT Fastening, LLC   
d. Simpson Strong-Tie Co., Inc. 

B. Mechanical-Expansion Anchors: Insert-wedge-type anchors, for use in hardened 
portland cement concrete, with pull-out, tension, and shear capacities appropriate for 
supported loads and building materials where used. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. B-line, an Eaton business   
b. Hilti, Inc.   
c. ITW Ramset/Red Head; Illinois Tool Works, Inc. 
d. MKT Fastening, LLC   

2. Indoor Applications: Zinc-coated or stainless steel. 
3. Outdoor Applications: Stainless steel. 

C. Per IBC Section 1912 and ACI 318 Appendix D, all concrete anchors within the scope 
of ACI 318 require approved anchors for crack concrete.  Attachment devices shall 
have certified load test data from an independent test laboratory and shall be capable 
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of carrying a minimum of five times the design load. The concrete anchors for the 
following supported items need to meet the crack concrete requirements: 
1. Any suspended pipe, larger than 2", regardless of material. 
2. All components with an Ip 1.5. 
3. All components required to function after a seismic event. 
4. Anywhere required by ASCE 7. 
5. All suspended HVAC and air distribution equipment, including air handling units, 

supply air terminal units, fan coil units and fans. 

2.6 MATERIALS 

A. Aluminum: ASTM B 221. 

B. Carbon Steel: ASTM A 1011/A 1011M. 

C. Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; galvanized. 

D. Stainless Steel: ASTM A 240/A 240M. 

E. Threaded Rods: Continuously threaded. Zinc-plated or galvanized steel for indoor 
applications and stainless steel for outdoor applications. Mating nuts and washers of 
similar materials as rods. 

F. Grout: ASTM C 1107/C 1107M, factory-mixed and -packaged, dry, hydraulic-cement, 
nonshrink and nonmetallic grout; suitable for interior and exterior applications. 
1. Properties: Nonstaining, noncorrosive, and nongaseous. 
2. Design Mix: 5000-psi, 28-day compressive strength. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with requirements in Section 078413 "Penetration Firestopping" for 
firestopping materials and installation, for penetrations through fire-rated walls, ceilings, 
and assemblies. 

B. Strength of Support Assemblies: Where not indicated, select sizes of components, so 
strength will be adequate to carry present and future static loads within specified 
loading limits. Minimum static design load used for strength determination shall be 
weight of supported operating components with a design safety factor of not less than 
five. 

3.2 HANGER AND SUPPORT INSTALLATION 

A. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, 
clamps, and attachments as required to properly support piping from the building 
structure. 
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B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-58. Arrange for grouping 
of parallel runs of horizontal piping, and support together on field-fabricated trapeze 
pipe hangers. 
1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe 

size or install intermediate supports for smaller diameter pipes as specified for 
individual pipe hangers. 

2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads 
being supported. Weld steel according to AWS D1.1/D1.1M. 

3. The use of cable ties, zip ties and/or tie wraps for attaching piping to metal 
trapeze pip-hanger is prohibited.  Provide appropriate strut clamps, brackets 
and/or similar attachments to properly secure piping to trapeze pipe-hangers. 

C. Thermal-Hanger Shield Installation: Install in pipe hanger for insulated piping. 

D. Fastener System Installation: 
1. Install powder-actuated fasteners for use in lightweight concrete or concrete 

slabs less than 4 inches thick in concrete after concrete is placed and completely 
cured. Use operators that are licensed by powder-actuated tool manufacturer. 
Install fasteners according to powder-actuated tool manufacturer's operating 
manual. 

2. Install mechanical-expansion anchors in concrete after concrete is placed and 
completely cured. Install fasteners according to manufacturer's written 
instructions. 

E. Pipe Stand Installation: 
1. Pipe Stand Types except Curb-Mounted Type: Assemble components and mount 

on smooth roof surface. Do not penetrate roof membrane. 
2. Curb-Mounted-Type Pipe Stands: Assemble components or fabricate pipe stand 

and mount on permanent, stationary roof curb. See Section 077200 "Roof 
Accessories" for curbs. 

F. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, 
nuts, washers, and other accessories. 

G. Equipment Support Installation: Fabricate from welded-structural-steel shapes. 

H. Install hangers and supports to allow controlled thermal and seismic movement of 
piping systems, to permit freedom of movement between pipe anchors, and to facilitate 
action of expansion joints, expansion loops, expansion bends, and similar units. 

I. Install lateral bracing with pipe hangers and supports to prevent swaying. 

J. Install building attachments within concrete slabs or attach to structural steel. Install 
additional attachments at concentrated loads, including valves, flanges, and strainers, 
NPS 2-1/2 and larger and at changes in direction of piping. Install concrete inserts 
before concrete is placed; fasten inserts to forms and install reinforcing bars through 
openings at top of inserts. 

K. Load Distribution: Install hangers and supports so that piping live and dead loads and 
stresses from movement will not be transmitted to connected equipment. 
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L. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not 
exceed maximum pipe deflections allowed by ASME B31.9 for building services piping. 

M. Insulated Piping: 
1. Attach clamps and spacers to piping. 

a. Piping Operating above Ambient Air Temperature: Clamp may project 
through insulation. 

b. Piping Operating below Ambient Air Temperature: Use thermal-hanger 
shield insert with clamp sized to match OD of insert. 

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building 
services piping. 

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier 
is indicated. Fill interior voids with insulation that matches adjoining insulation. 

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. 
Shields shall span an arc of 180 degrees. 

4. Shield Dimensions for Pipe: Not less than the following: 
a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick. 
b. NPS 4: 12 inches long and 0.06 inch thick. 
c. NPS 5 and NPS 6: 18 inches long and 0.06 inch thick. 
d. NPS 8 to NPS 14: 24 inches long and 0.075 inch thick. 
e. NPS 16 to NPS 24: 24 inches long and 0.105 inch thick. 

5. Pipes NPS 2-1/2 and Larger: Include thermal hanger shield inserts of length at 
least as long as protective shield. Insert thickness shall be the same thickness as 
piping insulation.  Fill interior voids with insulation that matches adjoining 
insulation and seal as appropriate. 

N. In no case shall wire or perforated strap be used for pipe or conduit support. 

3.3 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and 
equipment supports. 

B. Fit exposed connections together to form hairline joints. Field weld connections that 
cannot be shop welded because of shipping size limitations. 

C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc 
welding; appearance and quality of welds; and methods used in correcting welding 
work; and with the following: 
1. Use materials and methods that minimize distortion and develop strength and 

corrosion resistance of base metals. 
2. Obtain fusion without undercut or overlap. 
3. Remove welding flux immediately. 
4. Finish welds at exposed connections so no roughness shows after finishing and 

so contours of welded surfaces match adjacent contours. 
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3.4 ADJUSTING 

A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to 
achieve indicated slope of pipe. 

B. Trim excess length of continuous-thread hanger and support rods to 1-inch. 

3.5 PAINTING 

A. Touchup: Clean field welds and abraded, shop-painted areas. Paint exposed areas 
immediately after erecting hangers and supports. Use same materials as those used 
for shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted 
surfaces. 
1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils. 

B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas, and apply 
galvanizing-repair paint to comply with ASTM A 780/A 780M. 

3.6 HANGER AND SUPPORT SCHEDULE 

A. Specific hanger and support requirements are in Sections specifying piping systems 
and equipment. 

B. Comply with MSS SP-58 for pipe-hanger selections and applications that are not 
specified in piping system Sections. 

C. Use carbon-steel pipe hangers and supports and metal trapeze pipe hangers and 
attachments for general service applications with field-applied finish. 

D. Use hangers and supports with electro-galvanized coatings for piping and equipment 
that will not have field-applied finish. 

E. Use hot dip galvanized pipe hangers and stainless-steel attachments for exterior 
applications. Zinc plated hangers and attachments are not acceptable for exterior use. 

F. Use stainless-steel pipe hangers and stainless-steel attachments for corrosive 
environment applications.  Zinc plated hangers and attachments are not acceptable for 
corrosive use. 

G. Use nonmetallic coatings on attachments for electrolytic protection where attachments 
are in direct contact with copper tubing. 

H. Use copper-plated pipe hangers and copper attachments for copper piping and tubing. 

I. Use padded hangers for piping that is subject to scratching. 

J. Use thermal-hanger shield inserts for insulated piping and tubing. 

K. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as 
specified in piping system Sections, install the following types: 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 230529 - 8 

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated 
or insulated, stationary pipes NPS 1/2 to NPS 30. 

2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F, 
pipes NPS 4 to NPS 24, requiring up to 4 inches of insulation. 

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension 
of pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of 
insulation. 

4. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2 
to NPS 24 if little or no insulation is required. 

5. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4, to allow 
off-center closure for hanger installation before pipe erection. 

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of 
noninsulated, stationary pipes NPS 3/4 to NPS 8. 

7. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8. 

8. Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8. 

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10): For suspension of 
noninsulated, stationary pipes NPS 1/2 to NPS 8. 

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For 
suspension of noninsulated, stationary pipes NPS 3/8 to NPS 8. 

11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension 
of noninsulated, stationary pipes NPS 3/8 to NPS 3. 

12. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30. 
13. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or 

contraction. 
14. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36, 

with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel 
plate. 

15. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36, 
with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel 
plate, and with U-bolt to retain pipe. 

16. Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for 
pipes NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base 
stanchion support and cast-iron floor flange. 

17. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30, 
from two rods if longitudinal movement caused by expansion and contraction 
might occur. 

18. Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2 to 
NPS 24, from single rod if horizontal movement caused by expansion and 
contraction might occur. 

19. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 if 
longitudinal movement caused by expansion and contraction might occur but 
vertical adjustment is unnecessary. 

20. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24 
if small horizontal movement caused by expansion and contraction might occur 
and vertical adjustment is unnecessary. 

21. Adjustable Pipe Roll and Base Units (MSS Type 46): For support of pipes NPS 2 
to NPS 30 if vertical and lateral adjustment during installation might be required 
in addition to expansion and contraction. 
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L. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 
1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers 

NPS 3/4 to NPS 24. 
2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers 

NPS 3/4 to NPS 24 if longer ends are required for riser clamps. 

M. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 
1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy 

loads. 
2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations. 
3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings. 
4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various 

types of building attachments. 
5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping 

installations. 

N. Building Attachments: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 
1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to 

suspend pipe hangers from concrete ceiling. 
2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-

joist construction, to attach to top flange of structural shape. 
3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of 

beams, channels, or angles. 
4. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of 

beams. 
5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if 

loads are considerable and rod sizes are large. 
6. C-Clamps (MSS Type 23): For structural shapes. 
7. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required 

tangent to flange edge. 
8. Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams. 
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of 

steel I-beams for heavy loads. 
10. Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of 

steel I-beams for heavy loads, with link extensions. 
11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to 

structural steel. 
12. Welded-Steel Brackets: For support of pipes from below or for suspending from 

above by using clip and rod. Use one of the following for indicated loads: 
a. Light (MSS Type 31): 750 lb. 
b. Medium (MSS Type 32): 1500 lb. 
c. Heavy (MSS Type 33): 3000 lb. 

13. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams. 
14. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is 

required. 
15. Horizontal Travelers (MSS Type 58): For supporting piping systems subject to 

linear horizontal movement where headroom is limited. 
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O. Saddles and Shields: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types: 
1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with 

insulation that matches adjoining insulation. 
2. Protection Shields (MSS Type 40): Of length recommended in writing by 

manufacturer to prevent crushing insulation. 
3. Thermal-Hanger Shield Inserts: For supporting insulated pipe. 

P. Spring Hangers and Supports: Unless otherwise indicated and except as specified in 
piping system Sections, install the following types: 
1. Restraint-Control Devices (MSS Type 47): Where indicated to control piping 

movement. 
2. Spring Cushions (MSS Type 48): For light loads if vertical movement does not 

exceed 1-1/4 inches. 
3. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41, roll hanger 

with springs. 
4. Spring Sway Braces (MSS Type 50): To retard sway, shock, vibration, or thermal 

expansion in piping systems. 
5. Variable-Spring Hangers (MSS Type 51): Preset to indicated load and limit 

variability factor to 25 percent to allow expansion and contraction of piping 
system from hanger. 

6. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load and limit 
variability factor to 25 percent to allow expansion and contraction of piping 
system from base support. 

7. Variable-Spring Trapeze Hangers (MSS Type 53): Preset to indicated load and 
limit variability factor to 25 percent to allow expansion and contraction of piping 
system from trapeze support. 

8. Constant Supports: For critical piping stress and if necessary to avoid transfer of 
stress from one support to another support, critical terminal, or connected 
equipment. Include auxiliary stops for erection, hydrostatic test, and load-
adjustment capability. These supports include the following types: 
a. Horizontal (MSS Type 54): Mounted horizontally. 
b. Vertical (MSS Type 55): Mounted vertically. 
c. Trapeze (MSS Type 56): Two vertical-type supports and one trapeze 

member. 

Q. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are 
not specified in piping system Sections. 

R. Use powder-actuated fasteners or mechanical-expansion anchors instead of building 
attachments where required in concrete construction. 

END OF SECTION 230529 
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SECTION 230548 - VIBRATION AND SEISMIC CONTROLS FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

B. The International Building Code and ASCE/SEI 7 Standard apply to all work associated 
with the seismic installation of all new mechanical piping and equipment.  Refer to 
Structural drawings and ASCE/SEI 7 for seismic and wind loads and additional 
information. 

1.2 SUMMARY 

A. Section Includes: 
1. Elastomeric isolation pads. 
2. Elastomeric isolation mounts. 
3. Restrained elastomeric isolation mounts. 
4. Elastomeric hangers. 
5. Spring hangers. 
6. Snubbers. 
7. Restraints - rigid type. 
8. Restraints - cable type. 
9. Restraint accessories. 
10. Post-installed concrete anchors. 
11. Concrete inserts. 
12. Vibration isolation equipment bases. 
13. Restrained isolation roof-curb rails. 

B. Related Requirements: 
1. Section 220548 "Vibration and Seismic Controls for Plumbing" for devices for 

plumbing equipment and systems. 

1.3 DEFINITIONS 

A. ASCE/SEI:  American Society of Civil Engineers/Structural Engineering Institute  

B. IBC: International Building Code. 

C. ICC-ES: ICC-Evaluation Service. 

D. OSHPD: Office of Statewide Health Planning & Development (for the State of 
California). 
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1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Include rated load, rated deflection, and overload capacity for each vibration 

isolation device. 
2. Include load rating for each wind-force-restraint fitting and assembly. 
3. Illustrate and indicate style, material, strength, fastening provision, and finish for 

each type and size of vibration isolation device and seismic- and wind-force-
restraint component. 

4. Annotate types and sizes of seismic restraints and accessories, complete with 
listing markings or report numbers and load rating in tension and compression as 
evaluated by an evaluation service member of ICC-ES, OSHPD or an agency 
acceptable to authorities having jurisdiction. 

5. Annotate to indicate application of each product submitted and compliance with 
requirements. 

6. Interlocking Snubbers: Include ratings for horizontal, vertical, and combined 
loads. 

B. Shop Drawings: 
1. Detail fabrication and assembly of equipment bases. 
2. Vibration Isolation Base Details: Detail fabrication including anchorages and 

attachments to structure and to supported equipment. Include adjustable motor 
bases, rails, and frames for equipment mounting. 

C. Delegated-Design Submittal: 
1. For each seismic-restraint and wind-load protection device, including seismic-

restrained mounting, pipe-riser resilient support, snubber, seismic restraint, 
seismic-restraint accessory, concrete anchor and insert, and restrained isolation 
roof-curb rail that is required by this Section or is indicated on Drawings, submit 
the following: 
a. Seismic and Wind-Load Restraint, and Vibration Isolation Base Selection: 

Select vibration isolators, seismic and wind-load restraints, and vibration 
isolation bases complying with performance requirements, design criteria, 
and analysis data. 

b. Riser Supports: Include riser diagrams and calculations showing 
anticipated expansion and contraction at each support point, initial and final 
loads on building structure, spring deflection changes, and seismic loads. 
Include certification by professional engineer that riser system was 
examined for excessive stress and that none exists. 

c. Concrete Anchors and Inserts: Include calculations showing anticipated 
seismic and wind loads. Include certification that device is approved by an 
NRTL for seismic reinforcement use. 

d. Seismic Design Calculations: Submit all input data and loading calculations 
prepared under "Seismic Design Calculations" Paragraph in "Performance 
Requirements" Article. 

e. Wind-Load Design Calculations: Submit all static and dynamic loading 
calculations prepared under "Wind-Load Design Calculations" Paragraph in 
"Performance Requirements" Article. 

f. Qualified Professional Engineer: All designated-design submittals for 
seismic- and wind-restraint calculations are to be signed and sealed by 
qualified professional engineer responsible for their preparation. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

VIBRATION AND SEISMIC CONTROLS FOR HVAC 230548 - 3 

2. Seismic- and Wind-Restraint Detail Drawing: 
a. Design Analysis: To support selection and arrangement of seismic and 

wind restraints. Include calculations of combined tensile and shear loads. 
b. Details: Indicate fabrication and arrangement. Detail attachments of 

restraints to restrained items and to the structure. Show attachment 
locations, methods, and spacings. Identify components, list their strengths, 
and indicate directions and values of forces transmitted to the structure 
during seismic events. Indicate association with vibration isolation devices. 

c. Coordinate seismic-restraint and vibration isolation details with wind-
restraint details required for equipment mounted outdoors. Comply also 
with requirements in other Sections for equipment mounted outdoors. 

3. All delegated-design submittals for seismic- and wind-restraint detail Drawings 
are to be signed and sealed by qualified professional engineer responsible for 
their preparation. 

4. Product Listing, Preapproval, and Evaluation Documentation: By an evaluation 
service member of ICC-ES, OSHPD or an agency acceptable to authorities 
having jurisdiction, showing maximum ratings of restraint items and basis for 
approval (tests or calculations). 

5. Design Calculations for Vibration Isolation Devices: Calculate static and dynamic 
loading due to equipment weight and operating forces required to select proper 
vibration isolators, and to design vibration isolation bases. 

6. Riser Supports: Include riser diagrams and calculations showing anticipated 
expansion and contraction at each support point, initial and final loads on building 
structure, and spring deflection changes. Include certification that riser system 
was examined for excessive stress and that none exists. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For professional engineer and testing agency. 

B. Welding certificates. 

C. Field quality-control reports. 

D. Seismic Qualification Data: Provide special certification for designated seismic systems 
as indicated in ASCE/SEI 7 Paragraph 13.2.2, "Special Certification Requirements for 
Designated Seismic Systems" for all Designated Seismic Systems identified as such 
on Drawings or in the Specifications. 
1. Provide equipment manufacturer's written certification for each designated active 

mechanical seismic device and system, stating that it will remain operable 
following the design earthquake. Certification must be based on requirements of 
ASCE/SEI 7 and AHRI 1270, including shake table testing per ICC-ES AC156 or 
a similar nationally recognized testing standard procedure acceptable to 
authorities having jurisdiction or experience data as permitted by ASCE/SEI 7. 

2. Provide equipment manufacturer's written certification that components with 
hazardous contents maintain containment following the design earthquake by 
methods required in ASCE/SEI 7. 

3. Submit evidence demonstrating compliance with these requirements for approval 
to authorities having jurisdiction after review and acceptance by a licensed 
professional engineer. 
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E. Wind-Force Performance Certification: Provide special certification for HVAC 
components subject to high wind exposure and impact damage and designated on 
Drawings or in the Specifications to require wind-force performance certification. 
1. Provide equipment manufacturer's written certification for each designated HVAC 

device, stating that it will remain in place and operable following the design wind 
event and comply with all requirements of authorities having jurisdiction. 

2. Provide manufacturer's written certification for each designated louver, damper, 
or similar device, stating that it will remain in place and protect opening from 
penetration of windborne debris and comply with all requirements of authorities 
having jurisdiction. 

3. Certification must be based on ICC-ES or similar nationally recognized testing 
standard procedures acceptable to authorities having jurisdiction. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For air-spring isolators and restrained-air-spring 
isolators to include in operation and maintenance manuals. 

B. Manufacturer’s Inspection Report:  Contractor shall submit factory-authorized service 
representative’s final report indicating all restraints and isolation devices as being 
properly installed or requiring correction.   

1.7 QUALITY ASSURANCE 

A. Testing Agency Qualifications: An independent agency, with the experience and 
capability to conduct testing indicated, be an NRTL as defined by OSHA in 
29 CFR 1910.7, and be acceptable to authorities having jurisdiction. 

B. Welding Qualifications: Qualify procedures and personnel in accordance with 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

C. Seismic- and Wind-Load-Restraint Device Load Ratings: Devices to be tested and 
rated in accordance with applicable code requirements and authorities having 
jurisdiction. Devices to be listed by a nationally recognized third party that requires 
periodic follow-up inspections and has a listing directory available to the public. Provide 
third-party listing by one or more of the following: an evaluation service member of 
ICC-ES or an agency acceptable to authorities having jurisdiction. 

1.8 COORDINATION 

A. Coordinate with vibration isolation restraint manufacturer and the structural 
contractor/engineer of record to locate and size structural supports underneath 
vibration isolated restrained equipment (e.g. roof curbs, cooling towers, chillers and 
other similar equipment). 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

VIBRATION AND SEISMIC CONTROLS FOR HVAC 230548 - 5 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in 
Section 014000 "Quality Requirements," to design seismic and wind- load control 
system. 
1. Seismic and Wind-Load Performance: Equipment shall withstand the effects of 

earthquake motions and high wind events determined in accordance with 
ASCE/SEI 7. 

B. Seismic Design Calculations: 
1. Perform calculations to obtain force information necessary to properly select 

seismic-restraint devices, fasteners, and anchorage. Perform calculations using 
methods acceptable to applicable code authorities and as presented in 
ASCE/SEI 7. Where "ASCE/SEI 7" is used throughout this Section, it is to be 
understood that the edition referred to is the currently adopted edition. 
a. Data indicated below to be determined by Delegated-Design Contractor 

must be obtained by Contractor and must be included in individual 
component submittal packages. 

b. Coordinate seismic design calculations with wind-load calculations for 
equipment mounted outdoors. Comply with requirements in other Sections 
in addition to those in this Section for equipment mounted outdoors. 

C. Wind-Load Design Calculations: 
1. Perform calculations to obtain force information necessary to properly select 

wind-load-restraint devices, fasteners, and anchorage. Perform calculations 
using methods acceptable to applicable code authorities and as presented in 
ASCE/SEI 7. Where "ASCE/SEI 7" is used throughout this Section, it is to be 
understood that the edition referred to is the currently adopted edition. 
a. Data indicated below that are specific to individual pieces of equipment 

must be obtained by Contractor and must be included in individual 
component submittal packages. 

b. Coordinate design wind-load calculations with seismic load calculations for 
equipment requiring both seismic and wind-load reinforcement. Comply 
with requirements in other Sections in addition to those in this Section for 
equipment mounted outdoors. 

D. Fire/Smoke Resistance: Seismic- and wind-load-restraint devices that are not 
constructed of ferrous metals must have a maximum flame-spread index of 25 and 
maximum smoke-developed index of 50 when tested by an NRTL in accordance with 
ASTM E84 or UL 723, and be so labeled. 

E. Component Supports: 
1. Load ratings, features, and applications of all reinforcement components must be 

based on testing standards of a nationally recognized testing agency. 
2. All component support attachments must comply with force and displacement 

resistance requirements of ASCE/SEI 7. 
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2.2 GENERAL 

A. Select vibration isolating units for the lowest operating speed of equipment, so 
designed that natural frequency of equipment and base mass is not less than 1.5 times 
the lowest operating frequency of the moving equipment, but not a multiple or harmonic 
of the base frequency.  Furnish vibration isolation producing a uniform loading and 
deflection even when equipment weight is not evenly distributed, vibration isolation 
shall be stable during starting and stopping of equipment without excessive traverse 
and eccentric movement of equipment. 

B. The installed vibration isolation system for each floor or ceiling mounted item of 
equipment shall have a maximum lateral motion under equipment start up and shut 
down conditions of 1/4 inch.  Motions in excess shall be restrained by approved spring 
type mounting. 

C. The type of isolation, base, and minimum static deflection shall be as required for each 
specific equipment application, but not less than that specified herein when supported 
on a solid concrete structural slab having a thickness of not less than four (4) inches.   
1. Should vibration isolators installed for the equipment prove inadequate to prevent 

transmission of equipment vibrations to the building structure or limit equipment 
vibration originated noise in the building spaces to acceptable levels, the 
isolators shall be replaced with units having the largest deflection that can be 
practicably installed. 

D. All springs installed out-of-doors shall be cadmium-plated, zinc electroplated or 
powder-coated after fabrication.  Hardware and other metal parts shall be cadmium-
plated or galvanized.  Galvanizing shall meet ASTM Salt Spray Test Standards and 
Federal Test Standard No. 14. 

E. All isolators installed out-of-doors shall have base plates with bolt holes for fastening 
the isolators to the support members. 

2.3 ELASTOMERIC ISOLATION PADS 

A. Elastomeric Isolation Pads:  
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. California Dynamics Corporation 
b. Isolation Technology, Inc   
c. Kinetics Noise Control, Inc. 
d. Mason Industries, Inc.   
e. The VMC Group 
f. Vibration Eliminator Co., Inc. 
g. Vibration Isolation Co., Inc. 
h. Vibration Mountings & Controls/Korfund. 
i. Vibro-Acoustics, Inc. 

2. Fabrication: Single or multiple layers of sufficient durometer stiffness for uniform 
loading over pad area. 

3. Size: Factory or field cut to match requirements of supported equipment. 
4. Pad Material: Oil and water resistant with elastomeric properties. 
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5. Surface Pattern: Waffle pattern. 
6. Infused nonwoven cotton or synthetic fibers. 
7. Load-bearing metal plates adhered to pads. 

2.4 ELASTOMERIC ISOLATION MOUNTS 

A. Double-Deflection, Elastomeric Isolation Mounts:  
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. California Dynamics Corporation 
b. Isolation Technology, Inc   
c. Kinetics Noise Control, Inc. 
d. Mason Industries, Inc.   
e. The VMC Group 
f. Vibration Eliminator Co., Inc. 
g. Vibration Isolation Co., Inc. 
h. Vibration Mountings & Controls/Korfund. 
i. Vibro-Acoustics, Inc. 

2. Mounting Plates: 
a. Top Plate: Encapsulated steel load transfer top plates, factory drilled and 

threaded with threaded studs or bolts. 
b. Baseplate: Encapsulated steel bottom plates with holes provided for 

anchoring to support structure. 

3. Elastomeric Material: Molded, oil-resistant rubber, neoprene, or other elastomeric 
material. 

2.5 RESTRAINED ELASTOMERIC ISOLATION MOUNTS 

A. Restrained Elastomeric Isolation Mounts:  
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. California Dynamics Corporation 
b. Isolation Technology, Inc   
c. Kinetics Noise Control, Inc. 
d. Mason Industries, Inc.   
e. The VMC Group 
f. Vibration Eliminator Co., Inc. 
g. Vibration Isolation Co., Inc. 
h. Vibration Mountings & Controls/Korfund. 
i. Vibro-Acoustics, Inc. 

2. Description: All-directional isolator with seismic restraints containing two separate 
and opposing elastomeric elements that prevent central threaded element and 
attachment hardware from contacting the housing during normal operation. 
a. Housing: Cast-ductile iron or welded steel. 
b. Elastomeric Material: Molded, oil-resistant rubber, neoprene, or other 

elastomeric material. 
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2.6 ELASTOMERIC HANGERS 

A. Elastomeric Mount in a Steel Frame with Upper and Lower Steel Hanger Rods: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. California Dynamics Corporation 
b. Isolation Technology, Inc   
c. Kinetics Noise Control, Inc. 
d. Mason Industries, Inc.   
e. The VMC Group 
f. Vibration Eliminator Co., Inc. 
g. Vibration Isolation Co., Inc. 
h. Vibration Mountings & Controls/Korfund. 
i. Vibro-Acoustics, Inc. 

2. Frame: Steel, fabricated with a connection for an upper threaded hanger rod and 
an opening on the underside to allow for a maximum of 30 degrees of angular 
lower hanger-rod misalignment without binding or reducing isolation efficiency. 

3. Dampening Element: Molded, oil-resistant rubber, neoprene, or other elastomeric 
material with a projecting bushing for the underside opening preventing steel to 
steel contact. 

2.7 SPRING HANGERS 

A. Combination Coil-Spring and Elastomeric-Insert Hanger with Spring and Insert in 
Compression: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. California Dynamics Corporation 
b. Isolation Technology, Inc   
c. Kinetics Noise Control, Inc. 
d. Mason Industries, Inc.   
e. The VMC Group 
f. Vibration Eliminator Co., Inc. 
g. Vibration Isolation Co., Inc. 
h. Vibration Mountings & Controls/Korfund. 
i. Vibro-Acoustics, Inc. 

2. Frame: Steel, fabricated for connection to threaded hanger rods and to allow for 
a maximum of 30 degrees of angular hanger-rod misalignment without binding or 
reducing isolation efficiency. 

3. Outside Spring Diameter: Not less than 80 percent of the compressed height of 
the spring at rated load. 

4. Minimum Additional Travel: 50 percent of the required deflection at rated load. 
5. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 
6. Overload Capacity: Support 200 percent of rated load, fully compressed, without 

deformation or failure. 
7. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-

reinforced cup to support spring and bushing projecting through bottom of frame. 
8. Adjustable Vertical Stop: Steel washer with neoprene washer "up-stop" on lower 

threaded rod (where required). 
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9. Self-centering hanger-rod cap to ensure concentricity between hanger rod and 
support spring coil. 

2.8 SNUBBERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Kinetics Noise Control, Inc 
2. Mason Industries, Inc.   
3. Novia; A Division of C&P   
4. Vibration Mountings & Controls, Inc 

B. Description: Factory fabricated using welded structural-steel shapes and plates, anchor 
bolts, and replaceable resilient isolation washers and bushings. 
1. Post-Installed Concrete Anchor Bolts: Secure to concrete surface with post-

installed concrete anchors. Anchors to be seismically prequalified in accordance 
with ACI 355.2 testing and designated in accordance with ACI 318.  

2. Preset Concrete Inserts: Seismically prequalified in accordance with ICC-
ES AC446 testing.  

3. Anchors in Masonry: Design in accordance with TMS 402. 
4. Resilient Isolation Washers and Bushings: Oil- and water-resistant neoprene. 
5. Resilient Cushion: Maximum 1/4-inch air gap, and minimum 1/4 inch thick. 

2.9 RESTRAINTS - RIGID TYPE 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. B-line, an Eaton business   
2. California Dynamics Corporation 
3. Hilti, Inc.   
4. Mason Industries, Inc.   
5. Unistrut; Part of Atkore International 

B. Description: Shop- or field-fabricated bracing assembly made of AISI S110-07-S1 
slotted steel channels, ANSI/ASTM A53/A53M steel pipe as per NFPA 13, or other 
rigid steel brace member. Includes accessories for attachment to braced component at 
one end and to building structure at the other end and other matching components and 
with corrosion-resistant coating; rated in tension, compression, and torsion forces. 

2.10 RESTRAINTS - CABLE TYPE 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Gripple Inc.   
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc.   
4. Novia; A Division of C&P   
5. Vibration & Seismic Technologies, LLC 
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6. Vibration Mountings & Controls, Inc. 

B. Seismic-Restraint Cables: ASTM A603 galvanized-steel or ASTM A492 stainless steel 
cables. End connections made of steel assemblies with thimbles, brackets, swivel, and 
bolts designed for seismic-restraining cable service; with fittings attached by means of 
poured socket, swaged socket or mechanical (Flemish eye) loop. 

C. Restraint cable assembly with cable fittings must comply with ASCE/SEI 19. All cable 
fittings and complete cable assembly must maintain the minimum cable breaking force. 
U-shaped cable clips and wedge-type end fittings do not comply and are unacceptable. 

2.11 RESTRAINT ACCESSORIES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. B-line, an Eaton business   
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc.   
4. Novia; A Division of C&P   
5. TOLCO   
6. Vibration & Seismic Technologies, LLC 

B. Hanger-Rod Stiffener: Steel tube or steel slotted-support-system sleeve with internally 
bolted connections or reinforcing steel angle clamped to hanger rod. 

C. Hinged and Swivel Brace Attachments: Multifunctional steel connectors for attaching 
hangers to rigid channel bracings and restraint cables. 

D. Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed for 
rigid equipment mountings, and matched to type and size of anchor bolts and studs. 

E. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene 
elements and steel sleeves designed for rigid equipment mountings, and matched to 
type and size of attachment devices used. 

F. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant 
neoprene, with a flat washer face. 

2.12 POST-INSTALLED CONCRETE ANCHORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. B-line, an Eaton business   
2. Hilti, Inc.   
3. Mason Industries, Inc. 
4. Simpson Strong-Tie Co., Inc. 
5. Unistrut; Atkore International. 

B. Mechanical Anchor Bolts:  
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1. Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for interior 
applications and stainless steel for exterior applications. Select anchor bolts with 
strength for anchor and as tested according to ASTM E488/E488M. 

C. Adhesive Anchor Bolts:  
1. Drilled-in and capsule anchor system containing PVC or urethane methacrylate-

based resin and accelerator, or injected polymer or hybrid mortar adhesive. 
Provide anchor bolts and hardware with zinc-coated steel for interior applications 
and stainless steel for exterior applications. Select anchor bolts with strength 
required for anchor and as tested according to ASTM E488/E488M. 

D. Provide post-installed concrete anchors that have been prequalified for use in wind-
load applications. Post-installed concrete anchors must comply with all requirements of 
ASCE/SEI 7, Ch. 13. 
1. Prequalify post-installed anchors in concrete in accordance with ACI 355.2 or 

other approved qualification testing procedures.  
2. Prequalify post-installed anchors in masonry in accordance with approved 

qualification procedures. 

2.13 CONCRETE INSERTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. B-line, an Eaton business   
2. Hilti, Inc.   
3. Mason Industries, Inc. 
4. Simpson Strong-Tie Co., Inc. 
5. Unistrut; Atkore International. 

B. Provide preset concrete inserts that are seismically prequalified in accordance with 
ICC-ES AC466 testing. 

C. Comply with ANSI/MSS SP-58. 

2.14 VIBRATION ISOLATION EQUIPMENT BASES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. California Dynamics Corporation   
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc.   
4. Novia; A Division of C&P   
5. The VMC Group 
6. Vibration Eliminator Co., Inc 
7. Vibration Isolation   
8. Vibration Mountings & Controls, Inc 

B. Steel Rails: Factory-fabricated, welded, structural-steel rails. 
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1. Design Requirements: Lowest possible mounting height with not less than 1-inch 
clearance above the floor. Include equipment anchor bolts and auxiliary motor 
slide rails. 
a. Include supports for suction and discharge elbows for pumps. 

2. Structural Steel: Steel shapes, plates, and bars complying with ASTM A36/A36M. 
Rails shall have shape to accommodate supported equipment. 

3. Support Brackets: Factory-welded steel brackets on frame for outrigger isolation 
mountings and to provide for anchor bolts and equipment support. 

C. Steel Bases: Factory-fabricated, welded, structural-steel bases and rails. 
1. Design Requirements: Lowest possible mounting height with not less than 1-inch 

clearance above the floor. Include equipment anchor bolts and auxiliary motor 
slide bases or rails. 
a. Include supports for suction and discharge elbows for pumps. 

2. Structural Steel: Steel shapes, plates, and bars complying with ASTM A36/A36M. 
Bases shall have shape to accommodate supported equipment. 

3. Support Brackets: Factory-welded steel brackets on frame for outrigger isolation 
mountings and to provide for anchor bolts and equipment support. 

D. Concrete Inertia Base: Factory-fabricated, welded, structural-steel bases and rails 
ready for placement of cast-in-place concrete. 
1. Design Requirements: Lowest possible mounting height with not less than 1-inch 

clearance above the floor. Include equipment anchor bolts and auxiliary motor 
slide bases or rails. 
a. Include supports for suction and discharge elbows for pumps. 

2. Structural Steel: Steel shapes, plates, and bars complying with 
ASTM A 36/A 36M. Bases shall have shape to accommodate supported 
equipment. 

3. Support Brackets: Factory-welded steel brackets on frame for outrigger isolation 
mountings and to provide for anchor bolts and equipment support. 

4. Fabrication: Fabricate steel templates to hold equipment anchor-bolt sleeves and 
anchors in place during placement of concrete. Obtain anchor-bolt templates 
from supported equipment manufacturer. 

2.15 RESTRAINED ISOLATION ROOF-CURB RAILS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. California Dynamics Corporation 
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc.   
4. Novia; A Division of C&P   
5. The VMC Group 
6. Thybar Corporation 

B. Description: Factory-assembled, fully enclosed, insulated, air- and watertight curb rail 
designed to resiliently support equipment and to withstand seismic and wind forces. 
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C. Upper Frame: The upper frame shall provide continuous support for equipment and 
shall be captive to resiliently resist seismic and wind forces. 

D. Lower Support Assembly: The lower support assembly shall be formed sheet metal 
section containing adjustable and removable steel springs that support the upper 
frame. The lower support assembly shall have a means for attaching to building 
structure and a wood nailer for attaching roof materials, and shall be insulated with a 
minimum of 2 inches of rigid, glass-fiber insulation on inside of assembly. Adjustable, 
restrained-spring isolators shall be mounted on elastomeric vibration isolation pads and 
shall have access ports, for level adjustment, with removable waterproof covers at all 
isolator locations. Isolators shall be located so they are accessible for adjustment at 
any time during the life of the installation without interfering with the integrity of the roof. 

E. Snubber Bushings: All-directional, elastomeric snubber bushings at least 1/4 inch thick. 

F. Water Seal: Galvanized sheet metal with EPDM seals at corners, attached to upper 
support frame, extending down past wood nailer of lower support assembly, and 
counterflashed over roof materials. 

G. Acoustical Barrier:  The floating member of the roof curb shall have a perimeter angle 
cross members to support two layers of 5/8" waterproof sheetrock laid on with 
staggered joints. Sheetrock must surround ducts to provide a continuous sound break. 
This acoustical barrier shall be caulked to minimize sound transmission between the 
rooftop air handling unit and the building. Where the mechanical arrangement makes 
attachment to the floating member unfeasible, the barrier shall be attached at the 
highest practical elevation of the fixed curb with provision for 1" thick closed cell 
neoprene flexible seals around any ductwork.  A 4-inch layer of 1.5 density fiberglass 
shall cover the entire solid roof surface under the unit. Ductwork shall be externally 
lined with sound absorbent material coated with a dampening compound such as 
Mason Industries MDC-10 or approved equal. Complete instructions shall be provided 
by the spring isolation curb manufacturer. Acoustical package shall be Mason 
Industries, Inc. Type RSC-dB or approved equal. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and equipment to receive vibration isolation and seismic- and wind-
control devices for compliance with requirements for installation tolerances and other 
conditions affecting performance of the Work. 

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual 
locations before installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 APPLICATIONS 

A. Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved for 
application by an evaluation service member of ICC-ES, OSHPD or an agency 
acceptable to authorities having jurisdiction. 

B. Hanger-Rod Stiffeners: Install hanger-rod stiffeners where required to prevent buckling 
of hanger rods due to seismic forces. 

C. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select 
sizes of components so strength is adequate to carry present and future static, wind 
load, and seismic loads within specified loading limits. 

3.3 INSTALLATION OF VIBRATION-CONTROL, WIND-LOAD CONTROL, AND SEISMIC-
RESTRAINT DEVICES 

A. Provide vibration-control devices for systems and equipment where indicated in 
Equipment Schedules or Vibration-Control Devices Schedules, where indicated on 
Drawings, or where Specifications indicate they are to be installed on specific 
equipment and systems. 

B. Provide seismic-restraint and wind-load control devices for systems and equipment 
where indicated in Equipment Schedules or Seismic-Restraint Devices Schedules, 
where indicated on Drawings, where Specifications indicate they are to be installed on 
specific equipment and systems, and where required by applicable codes. 

C. Housekeeping Pads: 
1. All floor-mounted equipment shall be set on concrete housekeeping pads 

designed by the seismic engineer to meet the specific seismic requirements of 
each piece of floor mounted equipment.   

2. Housekeeping pads shall rest on a structural floor and be constructed per the 
details provided by the seismic engineer. 

3. Housekeeping pad shall be constructed as one continuous monolithic pour.  
Forms shall be constructed to allow removal after concrete pour without prying 
against pad. 

D. Coordinate location of embedded connection hardware with supported equipment 
attachment and mounting points and with requirements for concrete reinforcement and 
formwork specified in Section 033000 "Cast-in-Place Concrete." 

E. Installation of vibration isolators, wind-load restraints, must not cause any change of 
position of equipment, piping, or ductwork resulting in stresses or misalignment. 

F. Comply with requirements in Section 077200 "Roof Accessories" for installation of roof 
curbs, equipment supports, and roof penetrations. 

G. Equipment Restraints: 
1. Install seismic snubbers on HVAC equipment mounted on vibration isolators. 

Locate snubbers as close as possible to vibration isolators and bolt to equipment 
base and supporting structure. 
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2. Install resilient bolt isolation washers on equipment anchor bolts where clearance 
between anchor and adjacent surface exceeds 0.125 inch. 

3. Install seismic-restraint, and wind-load-restraint devices using methods approved 
by an evaluation service member of ICC-ES, OSHPD or an agency acceptable to 
authorities having jurisdiction that provides required submittals for component. 

H. Piping Restraints: 
1. Comply with requirements in MSS SP-127. 
2. Space lateral supports a maximum of 40 feet o.c., and longitudinal supports a 

maximum of 80 feet o.c. 
3. Brace a change of direction longer than 12 feet. 

I. Install seismic- and wind-load-restraint cables so they do not bend across edges of 
adjacent equipment or building structure. 

J. Equipment Bases: 
1. Fill concrete inertia bases, after installing base frame, with 3000-psi concrete; 

trowel to a smooth finish. 
a. Cast-in-place concrete materials and placement requirements are specified 

in Division 3. 
2. Concrete Bases:  Anchor equipment to concrete base according to supported 

equipment manufacturer's written instructions for seismic codes at Project site. 
a. Install dowel rods to connect concrete base to concrete floor.  Unless 

otherwise indicated, install dowel rods on 18-inch centers around the full 
perimeter of the base. 

b. Install epoxy-coated anchor bolts for supported equipment that extend 
through concrete base and anchor into structural concrete floor. 

c. Place and secure anchorage devices.  Use Setting Drawings, templates, 
diagrams, instructions, and directions furnished with items to be 
embedded. 

d. Install anchor bolts to elevations required for proper attachment to 
supported equipment. 

e. Install anchor bolts according to anchor-bolt manufacturer's written 
instructions. 

f. Cast-in-place concrete materials and placement requirements are specified 
in Division 3. 

K. Install seismic-restraint devices using methods approved by an evaluation service 
member of ICC-ES, OSHPD or an agency acceptable to authorities having jurisdiction 
that provides required submittals for component. 

L. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to 
provide resilient media between anchor bolt and mounting hole in concrete base. 

M. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to 
provide resilient media where equipment or equipment-mounting channels are 
attached to wall. 

N. Attachment to Structure: If specific attachment is not indicated, anchor bracing to 
structure at flanges of beams, at upper truss chords of bar joists, or at concrete 
members. 
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O. Mechanical Anchor Bolts: 

1. Identify position of reinforcing steel and other embedded items prior to drilling 
holes for anchors. Do not damage existing reinforcing or embedded items during 
coring or drilling. Notify structural engineer if reinforcing steel or other embedded 
items are encountered during drilling. Locate and avoid prestressed tendons, 
electrical and telecommunications conduit, and gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has 
achieved full design strength. 

3. Wedge-Type Anchor Bolts: Protect threads from damage during anchor 
installation. Heavy-duty sleeve anchors shall be installed with sleeve fully 
engaged in the structural element to which anchor is to be fastened. 

4. Adhesive-Type Anchor Bolts: Clean holes to remove loose material and drilling 
dust prior to installation of adhesive. Place adhesive in holes proceeding from the 
bottom of the hole and progressing toward the surface in such a manner as to 
avoid introduction of air pockets in the adhesive. 

5. Set anchors to manufacturer's recommended torque, using a torque wrench. 
6. Install zinc-coated steel anchors for interior and stainless steel anchors for 

exterior applications. 

3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 

A. Provide flexible connections in piping systems where they cross structural seismic 
joints, expansion joints and other point where differential movement may occur. 
Provide adequate flexibility to accommodate differential movement as determined in 
accordance with ASCE/SEI 7. Comply with requirements in other sections for piping 
flexible connections. 

3.5 INSTALLATION OF VIBRATION ISOLATION EQUIPMENT BASES 

A. Coordinate location of embedded connection hardware with supported equipment 
attachment and mounting points and with requirements for concrete reinforcement and 
formwork specified in Section 033000 "Cast-in-Place Concrete." 

B. Coordinate dimensions of steel equipment rails and bases, concrete inertia bases, and 
restrained isolation roof-curb rails with requirements of isolated equipment specified in 
this and other Sections. Where dimensions of these bases are indicated on Drawings, 
dimensions may require adjustment to accommodate actual isolated equipment. 

3.6 ADJUSTING 

A. Adjust isolators after system is at operating weight. 

B. Adjust limit stops on restrained-spring isolators to mount equipment at normal 
operating height. After equipment installation is complete, adjust limit stops so they are 
out of contact during normal operation. 
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3.7 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to 
test and inspect components, assemblies, and equipment installations, including 
connections. 

B. Tests and Inspections: 
1. Perform tests and inspections with the assistance of a factory-authorized service 

representative. 
2. Provide evidence of recent calibration of test equipment by a testing agency 

acceptable to authorities having jurisdiction. 
3. Schedule test with Owner, through Architect, before connecting anchorage 

device to restrained component (unless postconnection testing has been 
approved), and with at least seven days' advance notice. 

4. Obtain Architect's approval before transmitting test loads to structure. Provide 
temporary load-spreading members. 

5. Test no fewer than four of each type and size of installed anchors and fasteners 
selected by Architect. 

6. Test to 90 percent of rated proof load of device. 
7. Measure isolator restraint clearance. 
8. Measure isolator deflection. 
9. Verify snubber minimum clearances. 

C. Remove and replace malfunctioning units and retest as specified above. 

D. Units will be considered defective if they do not pass tests and inspections. 

E. Prepare testing agency test and inspection reports. 

F. Manufacturer’s Inspection: 
1. A representative of the isolation materials manufacturer shall inspect the 

completed system and report in writing any installation errors, improperly 
selected isolation or restraint devices, or other faults that could affect the 
performance of the system.  

2. Contractor shall submit manufacturer's representative’s final report indicating all 
isolation as being properly installed or requiring correction.  If corrections are 
required, include steps to be taken to properly complete the isolation work. 

3.8 VIBRATION ISOLATION AND SEISMIC-RESTRAINT SCHEDULE 

A. Rooftop Air-Handling Units: 
1. Isolation Type:  Restrained Isolation Roof-Curb  
2. Base Deflection:  1.5” 

B. Fans in Air-Handling Units: 
1. Isolation Type:  Restrained-Spring Isolator 
2. Base Deflection:  1.5” 
3. Base Type:  Concrete Inertia Base. 
4. Remarks:  Thrust Restraints. 
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C. Roof Mounted Fans: 
1. Isolation Type:  Restrained Isolation Roof-Curb Rail 
2. Base Deflection:  1.5” 

D. Suspended Fan Coil Units: 
1. Isolation Type:  Spring Hanger 
2. Deflection:  0.5” 

E. First Four (4) Pipe Hangers near Isolated Equipment: 
1. Isolation Type:  Spring Hanger 
2. Deflection:   

a. Piping 3-inches and smaller:  0.75” 
b. Piping 4-inches to 6-inches:  1.5” 
c. Piping Larger than 6-inches:  2.5” 

END OF SECTION 230548 
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SECTION 230550 – VARIABLE FREQUENCY DRIVES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes separately enclosed, preassembled, combination VFDs, rated 600 V 
and less, for speed control of three-phase, squirrel-cage induction motors. 

B. Related Requirements: 
1. Section 230513 “Common Motor Requirements for HVAC Equipment.” 
2. Section 230900 “Building Automation and Temperature Control System.” 

1.3 SCOPE 

A. Air handling unit VFDs shall be furnished and installed by the air handling unit 
manufacturer.   

B. Power wiring for VFDs shall be provided under Division 26.   

1.4 DEFINITIONS 

A. BAS:  Building Automation System. 

B. CE: Conformite Europeene (European Compliance). 

C. CPT: Control power transformer. 

D. EMI: Electromagnetic interference. 

E. LCD:  Liquid-crystal display. 

F. LED: Light-emitting diode. 

G. OCPD: Overcurrent protective device. 

H. PID: Control action, proportional plus integral plus derivative. 

I. RFI: Radio-frequency interference. 
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J. VFD: Variable-frequency drive. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type and rating of VFD indicated. 
1. Include dimensions and finishes for VFDs. 
2. Include rated capacities, operating characteristics, electrical characteristics, and 

furnished specialties and accessories. 

B. Shop Drawings: For each VFD indicated. 
1. Include mounting and attachment details. 
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, 

required clearances, method of field assembly, components, and location and 
size of each field connection. 

3. Include diagrams for power, signal, and control wiring. 

1.6 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Variable frequency drives shall be included in the development 
of the Coordination and Installation Drawings, drawn to scale, showing dimensioned 
layout on which the following items are shown and coordinated with each other, using 
input from installers of the items involved: 
1. Required working clearances and required area above and around VFDs. 
2. Show VFD layout and relationships between electrical components and adjacent 

structural and mechanical elements. 
3. Show support locations, type of support, and weight on each support. 
4. Indicate field measurements. 

B. Seismic Qualification Data: Certificates, for each VFD, accessories, and components, 
from manufacturer. 
1. Certificate of compliance. 
2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and 

locate and describe mounting and anchorage provisions. 
3. Detailed description of equipment anchorage devices on which the certification is 

based, and their installation requirements. 

C. Product Certificates: For each VFD from manufacturer. 

D. Harmonic Analysis Report: Provide Project-specific calculations and manufacturer's 
statement of compliance with IEEE 519. 

E. Sample Warranty: For special warranty. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For VFDs to include in emergency, operation, and 
maintenance manuals. 
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1. In addition to items specified in Section 017823 "Operation and Maintenance 
Data," include the following: 
a. Manufacturer's written instructions for testing and adjusting thermal-

magnetic circuit breaker and motor-circuit protector trip settings. 
b. Manufacturer's written instructions for testing, adjusting, and 

reprogramming microprocessor control modules. 
c. Manufacturer's written instructions for setting field-adjustable timers, 

controls, and status and alarm points. 
d. Load-Current and List of Settings of Adjustable Overload Relays: Compile 

after motors have been installed and arrange to demonstrate that switch 
settings for motor-running overload protection suit actual motors to be 
protected. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. VFDs should be delivered, stored and handled in a manner that protects them from 
damage, moisture, dirt and intrusion of foreign materials.   

B. Store VFDs indoors in clean, dry space with uniform temperature to prevent 
condensation.  Maximum ambient temperature for storage shall be -40 to 120 degrees 
Fahrenheit. 

1.9 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace VFDs that fail in materials 
or workmanship within specified warranty period. 
1. Warranty Period: Three years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. ABB, Inc. 
2. Danfoss Inc.   
3. Yaskawa Electric America, Inc. 

2.2 SYSTEM DESCRIPTION 

A. General Requirements for VFDs: 
1. VFDs and Accessories: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 
2. Comply with NEMA ICS 7, NEMA ICS 61800-2, and UL 508A. 

B. Application: Variable torque. 
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C. VFD Description: Variable-frequency motor controller, consisting of power converter 
that employs pulse-width-modulated inverter, factory built and tested in an enclosure, 
with integral disconnecting means and overcurrent and overload protection; listed and 
labeled by an NRTL as a complete unit; arranged to provide self-protection, protection, 
and variable-speed control of one or more three-phase induction motors by adjusting 
output voltage and frequency. 
1. Units suitable for operation of inverter-duty motors as defined by NEMA MG 1, 

Section IV, Part 31, "Definite-Purpose Inverter-Fed Polyphase Motors." 
2. Listed and labeled for integrated short-circuit current (withstand) rating by an 

NRTL acceptable to authorities having jurisdiction. 

D. Design and Rating: Match load type, such as fans and blowers; and type of connection 
used between motor and load such as direct or through a power-transmission 
connection. 

E. Output Rating: Three phase; 10 to 60 Hz, with voltage proportional to frequency 
throughout voltage range; maximum voltage equals input voltage (not applicable to fan 
arrays). 
1. For fan arrays, output rating shall match fan array motor selection. 

F. Unit Operating Requirements: 
1. Input AC Voltage Tolerance: Plus 10 and minus 10 percent of VFD input voltage 

rating. 
2. Input AC Voltage Unbalance: Not exceeding 5 percent. 
3. Input Frequency Tolerance: Plus or minus 3 percent of VFD frequency rating. 
4. Minimum Efficiency: 96 percent at 60 Hz, full load. 
5. Minimum Displacement Primary-Side Power Factor: 98 percent under any load 

or speed condition. 
6. Minimum Short-Circuit Current (Withstand) Rating: 100 kA. 
7. Ambient Temperature Rating: Not less than 32 deg F and not exceeding 104 

deg F.  Operating up to 122 degF shall be possible with 10 percent de-rating if 
required. 

8. Humidity Rating: Less than 95 percent (noncondensing). 
9. Altitude Rating: Not exceeding 3300 feet. 
10. Vibration Withstand: Comply with NEMA ICS 61800-2. 
11. Overload Capability: 1.1 times the base load current for 60 seconds; minimum of 

1.8 times the base load current for three seconds. 
12. Starting Torque: Minimum 100 percent of rated torque from 3 to 60 Hz. 
13. Output Carrier Frequency: Selectable; 0.5 to 12 kHz. 
14. Stop Modes: Programmable; includes fast, free-wheel, and dc coast or ramp to 

stop. 

G. Isolated Control Interface: Allows VFDs to follow remote-control signal over a minimum 
4:1 speed range. 
1. Signal: Electrical. 

H. Internal Adjustability Capabilities: 
1. Minimum Speed: 5 to 25 percent of maximum rpm. 
2. Maximum Speed: 80 to 100 percent of maximum rpm. 
3. Acceleration: 0.1 to 999.9 seconds. 
4. Deceleration: 0.1 to 999.9 seconds. 
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5. Current Limit: 30 to minimum of 110 percent of maximum rating. 

I. Self-Protection and Reliability Features: 
1. Surge Suppression: Factory installed as an integral part of the VFD, complying 

with UL 1449 SPD, Type 1 or Type 2. 
2. Loss of Input Signal Protection: Selectable response strategy, including speed 

default to a percent of the most recent speed, a preset speed, or stop; with 
alarm. 

3. Under- and overvoltage trips. 
4. Inverter overcurrent trips. 
5. VFD and Motor-Overload/Overtemperature Protection: Microprocessor-based 

thermal protection system for monitoring VFDs and motor thermal characteristics, 
and for providing VFD overtemperature and motor-overload alarm and trip; 
settings selectable via the keypad. 

6. Critical frequency rejection, with three selectable, adjustable deadbands. 
7. Instantaneous line-to-line and line-to-ground overcurrent trips. 
8. Loss-of-phase protection (drive and bypass mode). 
9. Short-circuit protection. 
10. Motor-overtemperature fault. 

J. Automatic Reset/Restart: Attempt five restarts after drive fault or on return of power 
after an interruption and before shutting down for manual reset or fault correction; 
adjustable delay time between restart attempts. 

K. Bidirectional Autospeed Search: Capable of starting VFD into rotating loads spinning in 
either direction and returning motor to set speed in proper direction, without causing 
damage to drive, motor, or load. 

L. Integral Input Disconnecting Means and OCPD:  
1. VFDs With a Bypass System:   

a. UL 489, thermal-magnetic circuit breaker with pad-lockable, door-mounted 
handle mechanism. 

b. Disconnect Rating: Not less than 115 percent of NFPA 70 motor full-load 
current rating or VFD input current rating, whichever is larger. 

2. VFDs Without a Bypass System:   
a. NEMA KS 1, fusible switch with pad-lockable, door-mounted handle 

mechanism. 
b. Disconnect Rating: Not less than 115 percent of VFD input current rating. 

2.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: VFDs shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. The designated VFDs shall be tested and 
certified by an NRTL as meeting the ICC-ES AC 156 test procedure requirements. 
1. The term "withstand" means "the unit will remain in place without separation of 

any parts when subjected to the seismic forces specified and the unit will be fully 
operational after the seismic event." 
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2.4 CONTROLS AND INDICATION 

A. Panel-Mounted Operator Station: Manufacturer's standard front-accessible, sealed 
keypad and plain-English-language digital display; allows complete programming, 
program copying, operating, monitoring, and diagnostic capability. 
1. Keypad: In addition to required programming and control keys, include keys for 

HAND, OFF, and AUTO modes. 
2. Security Access: Provide electronic security access to controls through 

identification and password with at least three levels of access: View only; view 
and operate; and view, operate, and service. 
a. Control Authority: Supports at least four conditions: Off, local manual 

control at VFD, local automatic control at VFD, and automatic control 
through a remote source. 

B. Historical Logging Information and Displays: 
1. Real-time clock with current time and date and battery backup. 
2. Running log of total power versus time. 
3. Total run time. 
4. Fault log, maintaining last three faults with time and date stamp for each. 

C. Indicating Devices: Digital display and additional readout devices as required, mounted 
flush in VFD door and connected to display VFD parameters including, but not limited 
to: 
1. Output frequency (Hz). 
2. Motor speed (rpm). 
3. Motor status (running, stop, fault). 
4. Motor current (amperes). 
5. Motor torque (percent). 
6. Fault or alarming status (code). 
7. PID feedback signal (percent). 
8. DC-link voltage (V dc). 
9. Set point frequency (Hz). 
10. Motor output voltage (V ac). 

D. Control Signal Interfaces: 
1. Electric Input Signal Interface: 

a. A minimum of two programmable analog inputs: 0- to 10-V dc or 4- to 20-
mA dc. 

b. A minimum of six multifunction programmable digital inputs. 
2. Remote Signal Inputs: Capability to accept any of the following speed-setting 

input signals from the BAS system for HVAC or other control systems: 
a. 0- to 10-V dc. 
b. 4- to 20-mA dc. 
c. Fixed frequencies using digital inputs. 

3. Output Signal Interface: A minimum of one programmable analog output signal(s) 
(0- to 10-V dc or 4- to 20-mA dc), which can be configured for any of the 
following: 
a. Output frequency (Hz). 
b. Output current (load). 
c. DC-link voltage (V dc). 
d. Motor torque (percent). 
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e. Motor speed (rpm). 
f. Set point frequency (Hz). 

4. Remote Indication Interface: A minimum of two programmable dry-circuit relay 
outputs (120-V ac, 1 A) for remote indication of the following: 
a. Motor running. 
b. Set point speed reached. 
c. Fault and warning indication (overtemperature or overcurrent). 
d. PID high- or low-speed limits reached. 

E. PID Control Interface: Provides closed-loop set point, differential feedback control in 
response to dual feedback signals. Allows for closed-loop control of fans for pressure, 
flow, or temperature regulation. 
1. Number of Loops: Two. 

F. Interface with BAS System for HVAC: Factory-installed hardware and software shall 
interface with BAS system for HVAC to monitor, control, display, and record data for 
use in processing reports. VFD settings shall be retained within VFD's nonvolatile 
memory. 
1. Hardwired Points: 

a. Monitoring: On-off status. 
b. Control: On-off operation. 

2. Communication Interface: The standard protocols shall be Modbus, Johnson 
Controls N2, Siemens Building Technologies FLN, and BACnet. Communication 
shall interface with BAS system for remotely control and monitor from an 
operator workstation. Control features and monitoring points displayed locally at 
control panel shall be available through the BAS system and mapped to 
graphical user interfaces. 

2.5 LINE CONDITIONING AND FILTERING 

A. Input Line Conditioning: Based on the manufacturer's harmonic analysis study and 
report, provide input filtering to limit total demand (harmonic current) distortion and total 
harmonic voltage demand at the defined point of common coupling to meet IEEE 519 
recommendations.  Provide minimum 5 percent impedance AC line reactor or DC bus 
chokes of equivalent impedance. 

B. Output Filtering:  For separation between motor and VFD of greater than 100 feet, 
provide dV/dT filters. 

C. EMI/RFI Filtering: CE marked; certify compliance with IEC 61800-3 for the First 
Environment restricted level (Category C2). 

2.6 OPTIONAL FEATURES 

A. Damper control circuit with end-of-travel feedback capability. 

B. Communication Port: RJ-45 port. 
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2.7 ENCLOSURES 

A. VFD Enclosures: NEMA 250, to comply with environmental conditions at installed 
location. 
1. Dry and Clean Indoor Locations: Type 1. 
2. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: 

Type 12:   
3. Outdoor Locations: Type 4X. 
4. Wash-Down Areas: Type 4X, stainless steel. 
5. Other Wet or Damp Indoor Locations: Type 4. 

B. Plenum Rating: UL 1995; NRTL certification label on enclosure, clearly identifying VFD 
as "Plenum Rated." 

2.8 ACCESSORIES 

A. Phase-Failure: Solid-state sensing circuit with isolated output contacts for hard-wired 
connections. 

B. Sun shields installed on fronts, sides, and tops of enclosures installed outdoors and 
subject to direct and extended sun exposure. 

C. Programming Tools:  To support the drive’s life cycle from startup and monitoring, to 
backup, and performance tuning. 

2.9 SOURCE QUALITY CONTROL 

A. Testing: Test and inspect VFDs according to manufacturers’ standard procedures and 
in accordance with ISO 9001, latest revision. 
1. Test each VFD while connected to a full motor load that is comparable to that for 

which the VFD is rated, at rated drive amperes at 105 degrees Fahrenheit in a 
temperature chamber. 

2. Verification of Performance: Rate VFDs according to operation of functions and 
features specified. 

B. VFDs will be considered defective if they do not pass tests and inspections. 

C. Test and inspection reports shall be available upon request. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas, surfaces, and substrates to receive VFDs, with Installer present, for 
compliance with requirements for installation tolerances, and other conditions affecting 
performance of the Work. 
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B. Examine VFD before installation. Reject VFDs that are wet, moisture damaged, or 
mold damaged. 

C. Examine roughing-in for conduit systems to verify actual locations of conduit 
connections before VFD installation. 

D. Prepare written report, endorsed by Installer, listing conditions detrimental to 
performance of the Work 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Roof-Mounting Controllers: Install VFD on roofs with tops at uniform height and with 
disconnect operating handles not higher than 79 inches above finished roof surface 
unless otherwise indicated, and by bolting units to curbs or mounting on freestanding, 
lightweight, structural-steel channels bolted to curbs. Seal roof penetrations after 
raceways are installed. 

B. Seismic Bracing: Comply with requirements specified in Section 260548 "Seismic 
Controls for Electrical Systems." 

C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets 
and temporary blocking of moving parts from enclosures and components. 

D. Comply with NECA 1. 

E. Controllers shall be located so that door can be fully opened without interference. 

3.3 IDENTIFICATION 

A. Identify VFDs, components, and control wiring. Comply with requirements for 
identification specified in Section 230553 “Identification for HVAC Piping and 
Equipment." 
1. Identify field-installed conductors, interconnecting wiring, and components; 

provide warning signs. 
2. Label each VFD with engraved nameplate. 
3. Label each enclosure-mounted control and pilot device. 

3.4 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to 
test and inspect components, assemblies, and equipment installations, including 
connections. 

B. Acceptance Testing Preparation: 
1. Test insulation resistance for each VFD element, bus, component, connecting 

supply, feeder, and control circuit. 
2. Test continuity of each circuit. 
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C. Tests and Inspections: 
1. Inspect VFD, wiring, components, connections, and equipment installation. Test 

and adjust controllers, components, and equipment. 
2. Test insulation resistance for each VFD element, component, connecting motor 

supply, feeder, and control circuits. 
3. Test continuity of each circuit. 
4. Verify that voltages at VFD locations are within 10 percent of motor nameplate 

rated voltages. If outside this range for any motor, notify Architect before starting 
the motor(s). 

5. Test each motor for proper phase rotation. 
6. Perform tests according to the Inspection and Test Procedures for Adjustable 

Speed Drives stated in NETA Acceptance Testing Specification. Certify 
compliance with test parameters. 

7. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

8. Test and adjust controls and safeties. Replace damaged and malfunctioning 
controls and equipment. 

D. VFDs will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports, including a certified report that identifies the VFD 
and describes scanning results. Include notation of deficiencies detected, remedial 
action taken, and observations made after remedial action. 

3.5 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 
1. Complete installation and startup checks according to manufacturer's written 

instructions. 

3.6 ADJUSTING 

A. Program microprocessors for required operational sequences, status indications, 
alarms, event recording, and display features. Clear events memory after final 
acceptance testing and prior to Substantial Completion. 

B. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-
relay pickup and trip ranges. 

C. Adjust the trip settings of instantaneous-only circuit breakers and thermal-magnetic 
circuit breakers with adjustable, instantaneous trip elements. Initially adjust to 6 times 
the motor nameplate full-load amperes and attempt to start motors several times, 
allowing for motor cool-down between starts. If tripping occurs on motor inrush, adjust 
settings in increments until motors start without tripping. Do not exceed 8 times the 
motor full-load amperes (or 11 times for NEMA Premium Efficient motors if required). 
Where these maximum settings do not allow starting of a motor, notify Architect before 
increasing settings. 

D. Set field-adjustable circuit-breaker trip ranges. 
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E. Set field-adjustable pressure switches. 

F. All field adjustments shall be recorded and kept in cabinet with drawings. 

3.7 STORAGE AND PROTECTION 

A. Replace VFDs whose interiors have been exposed to water or other liquids prior to 
Substantial Completion. 

3.8 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, reprogram, and maintain VFDs. 

END OF SECTION 230550 





HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 230553 - 1 

SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Equipment labels. 
2. Warning signs and labels. 
3. Warning tape. 
4. Pipe labels. 
5. Duct labels. 
6. Stencils. 
7. Valve tags. 
8. Underground Warning Labels.  
9. Warning tags. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

B. Equipment Label Schedule: Include a listing of all equipment to be labeled with the 
proposed content for each label. 

C. Pipe Label Schedule: Include a listing of all piping to be labeled with the proposed 
content for each label. 

D. Valve numbering scheme. 

E. Valve Schedules: For each piping system to include in maintenance manuals.  Include 
Service Abbreviation, Number Sequence, Valve Location and Valve Function. 

PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Labels for Equipment: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
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a. Brady Corporation   
b. Brimar Industries, Inc.   
c. Carlton Industries, LP   
d. Craftmark Pipe Markers   
e. Kolbi Pipe Marker Co.   
f. LEM Products Inc.   
g. Seton Identification Products 

2. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical 
engraving, 1/16 inch thick, and having predrilled holes for attachment hardware. 

3. Letter and Background Color: As indicated for specific application under Part 3. 
4. Maximum Temperature: Able to withstand temperatures up to 160 deg F. 
5. Minimum Label Size: Length and width vary for required label content, but not 

less than 4 by 2-1/2 inch. 
6. Minimum Letter Size: 3/4 inch. 
7. Fasteners: Stainless-steel rivets or self-tapping screws, or double face adhesive. 
8. Adhesive: Contact-type permanent adhesive, compatible with label and with 

substrate. 

B. Label Content: Include equipment's Drawing designation or unique equipment number 
as indicated on the mechanical drawings and schedules. 

2.2 WARNING SIGNS AND LABELS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Brady Corporation   
2. Brimar Industries, Inc.   
3. Carlton Industries, LP   
4. Craftmark Pipe Markers   
5. Kolbi Pipe Marker Co.   
6. LEM Products Inc.   
7. Seton Identification Products 

B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 
1/16 inch thick, with predrilled holes for attachment hardware. 

C. Letter and Background Color: As indicated for specific application under Part 3. 

D. Maximum Temperature: Able to withstand temperatures of up to 160 deg F. 

E. Minimum Label Size: Length and width vary for required label content, but not less than 
2-1/2 by 3/4 inch. 

F. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 
inches, 1/2 inch for viewing distances of up to 72 inches, and proportionately larger 
lettering for greater viewing distances. Include secondary lettering two-thirds to three-
fourths the size of principal lettering. 

G. Fasteners: Stainless steel rivets or self-taping screws. 
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H. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

I. Arc-Flash Warning Signs: Provide arc-flash warning signs in locations and with content 
in accordance with requirements of OSHA and NFPA70E and other applicable codes 
and standards. 

J. Label Content: Include caution and warning information plus emergency notification 
instructions. 

2.3 WARNING TAPE 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Brady Corporation   
2. Brimar Industries, Inc.   
3. Carlton Industries, LP   
4. Craftmark Pipe Markers   
5. Kolbi Pipe Marker Co.   
6. LEM Products Inc.   
7. Seton Identification Products 

B. Material: Vinyl. 

C. Minimum Thickness: 0.005 inch. 

D. Letter, Pattern, and Background Color: As indicated for specific application under 
Part 3. 

E. Waterproof Adhesive Backing: Suitable for indoor or outdoor use. 

F. Maximum Temperature: 160 deg F. 

G. Minimum Width: 4 inches. 

2.4 PIPE LABELS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Brady Corporation   
2. Brimar Industries, Inc.   
3. Carlton Industries, LP   
4. Craftmark Pipe Markers   
5. Kolbi Pipe Marker Co.   
6. LEM Products Inc.   
7. Seton Identification Products 

B. General Requirements for Manufactured Pipe Labels: Preprinted, color coded, with 
lettering indicating service and showing flow direction in accordance with ASME A13.1. 

C. Letter and Background Color: As indicated for specific application under Part 3. 
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D. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full 
circumference of pipe and to attach to pipe without fasteners or adhesive. 

E. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive 
backing. 

F. Pipe Label Contents: Include identification of piping service using same designations or 
abbreviations as used on Drawings; also include pipe size and an arrow indicating flow 
direction. 
1. Pipe size. 
2. Flow-Direction Arrows: Include flow-direction arrows on distribution piping. 

Arrows may be either integral with label or applied separately. 
3. Lettering Size: [Size letters in accordance with ASME A13.1 for piping. 

2.5 DUCT LABELS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Brady Corporation   
2. Brimar Industries, Inc.   
3. Carlton Industries, LP   
4. Craftmark Pipe Markers   
5. Kolbi Pipe Marker Co.   
6. LEM Products Inc.   
7. Seton Identification Products 

B. Self-Adhesive Labels: Printed vinyl plastic with contact-type, permanent-adhesive 
backing. 
1. Ducts up to 24”:  Minimum of 2-1/2” x 16” and has a letter size of 1-1/2”.   
2. Ducts Larger than 24”:  Minimum of 4” x 24” and has a letter height of 2-1/2”.  

C. Letter and Background Color: As indicated for specific application under Part 3. 

D. Maximum Temperature: Able to withstand temperatures up to 160 deg F. 

E. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

F. Duct Label Contents: Include identification of duct service using same designations or 
abbreviations as used on Drawings. Also include the following: 
1. Duct size. 
2. Flow-Direction Arrows: Include flow-direction arrows on distribution ducts. Arrows 

may be either integral with label or may be applied separately. 
3. Lettering Size: Size letters in accordance with ASME A13.1 for piping. 

2.6 STENCILS 

A. Stencils for Ducts: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
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a. Brimar Industries, Inc.   
b. Carlton Industries, LP   
c. Champion America   
d. Craftmark Pipe Markers   
e. Kolbi Pipe Marker Co.   
f. Marking Sevices Inc. 

2. Lettering Size:  
a. Ducts up to 24”:  1-1/2”.   
b. Ducts Larger than 24”:  2-1/2”. 

3. Stencil Material: Fiberboard or metal. 
4. Stencil Paint: Exterior, gloss, Enamel. Paint may be in pressurized spray-can 

form. 
5. Identification Paint: Exterior, Enamel. Paint may be in pressurized spray-can 

form. 
6. Letter and Background Color: Color as indicated for specific application under 

Part 3. 

2.7 VALVE TAGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Brady Corporation   
2. Brimar Industries, Inc.   
3. Carlton Industries, LP   
4. Craftmark Pipe Markers   
5. Kolbi Pipe Marker Co.   
6. LEM Products Inc.   
7. Seton Identification Products 

B. Description: Stamped or engraved with 1/4-inch letters for piping system abbreviation 
and 1/2-inch numbers. 
1. Tag Material: Brass, 0.04-inch or anodized aluminum, 0.031-inch minimum 

thickness, with predrilled or stamped holes for attachment hardware. 
2. Fasteners: Brass link chain or beaded chain. 

C. Letter and Background Color: As indicated for specific application under Part 3. 

D. Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate 
valve number, piping system, system abbreviation (as shown on valve tag), location of 
valve (room or space), normal-operating position (open, closed, or modulating), and 
variations for identification. Mark valves for emergency shutoff and similar special uses. 
1. Include valve-tag schedule in operation and maintenance data.. 

2.8 WARNING TAGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Brady Corporation   
2. Brimar Industries, Inc.   
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3. Carlton Industries, LP   
4. Craftmark Pipe Markers   
5. Kolbi Pipe Marker Co.   
6. LEM Products Inc.   
7. Seton Identification Products 

B. Description: Preprinted or partially preprinted accident-prevention tags of plasticized 
card stock with matte finish suitable for writing. 
1. Size: 3 by 5-1/4 inches minimum. 
2. Fasteners: Brass grommet and wire. 
3. Nomenclature: Large-size primary caption such as "DANGER," "CAUTION," or 

"DO NOT OPERATE." 
4. Color: Safety yellow background with black lettering. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of incompatible primers, paints, and 
encapsulants, as well as dirt, oil, grease, release agents, and other substances that 
could impair bond of identification devices. 

3.2 INSTALLATION, GENERAL REQUIREMENTS 

A. Coordinate installation of identifying devices with completion of covering and painting 
of surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with locations of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 

D. Locate identifying devices so that they are readily visible from the point of normal 
approach. 

3.3 INSTALLATION OF EQUIPMENT LABELS, WARNING SIGNS, AND LABELS 

A. Permanently fasten labels on each item of mechanical equipment. 

B. Sign and Label Colors: 
1. White letters on an ANSI Z535.1 safety-blue background. 

C. Locate equipment labels where accessible and visible. 

D. Arc-Flash Warning Signs: Provide arc-flash warning signs on electrical disconnects 
and other equipment where arc-flash hazard exists, as indicated on Drawings, and in 
accordance with requirements of OSHA and NFPA 70E, and other applicable codes 
and standards. 
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E. For equipment located above the ceiling, in addition to a label on the equipment, labels 
are to be permanently affixed to the ceiling grid framing as near to the item as possible 
using epoxy glue. Where hard ceilings are used, the label is to be affixed to the frame 
of the access panel for the unit.  
1. The thermostat that controls each piece of equipment shall be identified with an 

identical but appropriately sized label. 

3.4 PIPE COLOR CODING 

A. Paint exposed and insulated piping in finished areas and mechanical rooms.   
1. Finished Areas:  Color shall be the same as the adjacent surface.  Color by 

Architect. 
2. Mechanical Rooms:  Color shall be the same as the pipe label background color. 
3. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket 

material and finish coat paint. Add fungicidal agent to render fabric mildew proof. 
4. Finish Coat Material: Interior, flat, latex-emulsion size. 

B. Exterior non-insulated piping shall be painted with two coats of rust inhibitive paint.  
Colors shall be approved by the Owner after a sample is provided for each service.  Do 
not paint aluminum jackets.   

C. Do not paint exposed copper piping or galvanized piping. 

D. Do not paint aluminum or stainless-steel jackets. 

E. Painting of piping is specified in Division 09. 

3.5 INSTALLATION OF PIPE LABELS 

A. Install pipe labels showing service and flow direction with permanent adhesive on 
pipes. 

B. Pipe-Label Locations: Locate pipe labels where piping is exposed or above accessible 
ceilings in finished spaces; machine rooms; accessible maintenance spaces such as 
shafts, tunnels, and plenums; and exterior exposed locations as follows: 
1. Within 3 ft. of each valve and control device. 
2. At access doors, manholes, and similar access points that permit view of 

concealed piping. 
3. Within 3 ft. of equipment items and other points of origination and termination. 
4. Within 3 ft. above and below every floor penetration and on either side of every 

wall penetration. 
5. At least one pipe marker per pipe in every room.  
6. Spaced at maximum intervals of 20 ft. along each run. Reduce intervals to 10 ft. 

in areas of congested piping, ductwork, and equipment. 

C. Do not apply plastic pipe labels or plastic tapes directly to bare pipes conveying fluids 
at temperatures of 125 deg F or higher. Where these pipes are to remain uninsulated, 
use a short section of insulation or use stenciled labels. 
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D. Flow-Direction Arrows: Use arrows to indicate direction of flow in pipes, including pipes 
where flow is allowed in both directions. 

E. Pipe Label Color Schedule: 

1. Chilled-Water Piping:  
a. Background: Safety green. 
b. Letter Colors: White. 
c. Designation:  CHILLED WATER SUPPLY, CHILLED WATER RETURN 

2. Heating Water Piping:  
a. Background: Safety green. 
b. Letter Colors: White. 
c. Designation:  HEATING WATER SUPPLY, HEATING WATER RETURN  

3. Air Conditioning Condensate Piping:  
a. Background: Safety green. 
b. Letter Colors: White. 
c. Designation:  AC CONDENSATE  

3.6 INSTALLATION OF DUCT LABELS 

A. Install self-adhesive duct labels showing service and flow direction with permanent 
adhesive on air ducts. 

1. Provide labels in the following color codes: 
a. For outside-air and supply-air ducts: White letters on blue background. 
b. For relief-air and return-air ducts: White letters on green background. 
c. For exhaust-air ducts: White letters on yellow background. 

B. Stenciled Duct-Label Option: Stenciled labels showing service and flow direction may 
be provided instead of plastic-laminated duct labels, at Installer's option. 

C. Locate label near each point where ducts enter into and exit from concealed spaces 
and at maximum intervals of 20 ft. where exposed or are concealed by removable 
ceiling system. 

3.7 INSTALLATION OF VALVE TAGS 

A. Install tags on valves and control devices in piping systems, except check valves, 
valves within factory-fabricated equipment units, shutoff valves, and HVAC terminal 
devices and similar roughing-in connections of end-use fixtures and units. List tagged 
valves in a valve schedule in the operating and maintenance manual. 

B. Ceiling valve markers shall be provided for valves above ceilings.  Attach valve marker 
to ceiling grid directly below the valve. 

3.8 INSTALLATION OF WARNING TAGS 

A. Warning Tag Color: Black letters on an ANSI Z535.1 safety-yellow background. 
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B. Attach warning tags, with proper message, to equipment and other items where 
indicated on Drawings, scheduled or required. 

END OF SECTION 230553 
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Testing, Adjusting, and Balancing of Air Systems: 

a. Constant-volume air systems. 
b. Dual-duct systems. 
c. Variable-air-volume systems. 
d. Multizone systems. 
e. Induction-unit systems. 

2. Testing, Adjusting, and Balancing of Hydronic Piping Systems: 
a. Constant-flow hydronic systems. 
b. Variable-flow hydronic systems. 
c. Primary-secondary hydronic systems. 

3. Testing, adjusting, and balancing of fuel oil systems for HVAC. 
4. Testing, adjusting, and balancing of steam and condensate piping systems. 
5. Testing, adjusting, and balancing of equipment. 
6. Testing, adjusting, and balancing of existing HVAC systems and equipment. 
7. Procedures for exhaust hoods. 
8. Sound tests. 
9. Vibration tests. 
10. Duct leakage tests verification. 
11. Pipe leakage tests verification. 
12. UFAD plenum leakage tests verification. 
13. HVAC-control system verification. 
14. Smoke-control system tests. 
15. Stair-pressurization system tests. 
16. Elevator-pressurization system tests  
17. Indoor-air quality measuring. 

1.3 DEFINITIONS 

A. AABC: Associated Air Balance Council. 

B. NEBB: National Environmental Balancing Bureau. 

C. TAB: Testing, adjusting, and balancing. 
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D. TAB Specialist: An independent entity meeting qualifications to perform TAB work. 

E. TDH: Total dynamic head. 

F. UFAD: Underfloor air distribution. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: Within 30 days of Contractor's Notice to Proceed, submit 
documentation that the TAB specialist and this Project's TAB team members meet the 
qualifications specified in "Quality Assurance" Article. 

B. Contract Documents Examination Report: Within 30 days of Contractor's Notice to 
Proceed, submit the Contract Documents review report, as specified in Part 3. 

C. Strategies and Procedures Plan: Within 30 days of Contractor's Notice to Proceed, 
submit TAB strategies and step-by-step procedures, as specified in "Preparation" 
Article. 

D. System Readiness Checklists: Within 30 days of Contractor's Notice to Proceed, 
submit system readiness checklists, as specified in "Preparation" Article. 

E. Examination Report: Submit a summary report of the examination review required in 
"Examination" Article. 

F. Certified TAB reports. 

G. Sample report forms. 

H. Instrument calibration reports, to include the following: 
1. Instrument type and make. 
2. Serial number. 
3. Application. 
4. Dates of use. 
5. Dates of calibration. 

1.5 QUALITY ASSURANCE 

A. TAB Specialists Qualifications, Certified by AABC or NEBB: 
1. TAB Field Supervisor: Employee of the TAB specialist and certified by AABC or 

NEBB. 
2. TAB Technician: Employee of the TAB specialist and certified by AABC or NEBB. 

B. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements 
in ASHRAE 111, Section 4, "Instrumentation." 

C. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, 
Section 6.7.2.3 - "System Balancing." 
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D. Code and AHJ Compliance: TAB is required to comply with governing codes and 
requirements of authorities having jurisdiction. 

1.6 COORDINATION 

A. Coordinate the efforts of factory-authorized service representatives for systems and 
equipment, BAS provider, and other mechanics to operate HVAC systems and 
equipment to support and assist TAB activities. 

B. Coordinate efforts with the project Commissioning Agent.  Refer to commissioning 
specifications for additional information. 

C. Provide seven days' advance notice for each test. Include scheduled test dates and 
times. 

D. Perform TAB after leakage and pressure tests on air and water distribution systems 
have been satisfactorily completed. 

1.7 FIELD CONDITIONS 

A. Full Owner Occupancy: Owner will occupy the site and existing building during entire 
TAB period. Cooperate with Owner during TAB operations to minimize conflicts with 
Owner's operations. 

B. Partial Owner Occupancy: Owner may occupy completed areas of building before 
Substantial Completion. Cooperate with Owner during TAB operations to minimize 
conflicts with Owner's operations. 

1.8 WARRANTY 

A. Performance Warranty:   
1. If AABC standards are used, provide a warranty on AABC's "National Standards 

for Testing and Balancing Heating, Ventilating, and Air Conditioning Systems" 
forms stating that AABC will assist in completing requirements of the Contract 
Documents if TAB firm fails to comply with the Contract Documents.   

2. If NEBB standards are used, provide a guarantee on NEBB forms stating that 
NEBB will assist in completing requirements of the Contract Documents if TAB 
firm fails to comply with the Contract Documents.   

B. Warranty includes the following provisions: 
1. The certified TAB firm has tested and balanced systems according to the 

Contract Documents. 
2. Systems are balanced to optimum performance capabilities within design and 

installation limits. 
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PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 TAB SPECIALISTS 

A. Subject to compliance with requirements, available TAB specialists that may be 
engaged include, but are not limited to, the following: 
1. Carolina Air & Water Balancing Company, Inc. 
2. Hall Technology, Inc. 
3. KLG Jones, LLC. 
4. Palmetto Air & Water Balance, Inc. 

3.2 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to 
discover conditions in systems designs that may preclude proper TAB of systems and 
equipment. 

B. Examine installed systems for balancing devices, such as test ports, gauge cocks, 
thermometer wells, flow-control devices, balancing valves and fittings, and manual 
volume dampers. Verify that locations of these balancing devices are applicable for 
intended purpose and are accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 

D. Examine design data, including HVAC system descriptions, statements of design 
assumptions for environmental conditions and systems output, and statements of 
philosophies and assumptions about HVAC system and equipment controls. 

E. Examine ceiling plenums and underfloor air plenums used for HVAC to verify that they 
are properly separated from adjacent areas and sealed. 

F. Examine equipment performance data, including fan and pump curves. 
1. Relate performance data to Project conditions and requirements, including 

system effects that can create undesired or unpredicted conditions that cause 
reduced capacities in all or part of a system. 

2. Calculate system-effect factors to reduce performance ratings of HVAC 
equipment when installed under conditions different from the conditions used to 
rate equipment performance. To calculate system effects for air systems, use 
tables and charts found in AMCA 201, "Fans and Systems," or in SMACNA's 
"HVAC Systems - Duct Design." Compare results with the design data and 
installed conditions. 

G. Examine system and equipment installations and verify that field quality-control testing, 
cleaning, and adjusting specified in individual Sections have been performed. 

H. Examine test reports specified in individual system and equipment Sections. 
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I. Examine HVAC equipment and verify that bearings are greased, belts are aligned and 
tight, filters are clean, and equipment with functioning controls is ready for operation. 

J. Examine terminal units, such as variable-air-volume boxes, and verify that they are 
accessible, and their controls are connected and functioning. 

K. Examine temporary and permanent strainers. Verify that temporary strainer screens 
used during system cleaning and flushing have been removed and permanent strainer 
baskets are installed and clean. 

L. Examine AHU, boiler and terminal unit by-pass piping used for water treatment 
flushing. Verify that valves in flushing bypass piping are fully closed.   

M. Examine control valves for proper installation for their intended function of isolating, 
throttling, diverting, or mixing fluid flows. 

N. Examine heat-transfer coils for correct piping connections and for clean and straight 
fins. 

O. Examine system pumps to ensure absence of entrained air in the suction piping. 

P. Examine operating safety interlocks and controls on HVAC equipment. 

Q. Examine control dampers for proper installation for their intended function of isolating, 
throttling, diverting, or mixing air flows. 

R. Report deficiencies discovered before and during performance of TAB procedures. 
Observe and record system reactions to changes in conditions. Record default set 
points if different from indicated values. 

3.3 PREPARATION 

A. Prepare a TAB plan that includes the following: 
1. Equipment and systems to be tested. 
2. Strategies and step-by-step procedures for balancing the systems. 
3. Instrumentation to be used. 
4. Sample forms with specific identification for all equipment. 

B. Perform system-readiness checks of HVAC systems and equipment to verify system 
readiness for TAB work. Include, at a minimum, the following: 
1. Airside: 

a. Verify that leakage and pressure tests on air distribution systems have 
been satisfactorily completed. 

b. Duct systems are complete with terminals installed. 
c. Volume, smoke, and fire dampers are open and functional. 
d. Clean filters are installed. 
e. Fans are operating, free of vibration, and rotating in correct direction. 
f. Variable-frequency controllers' startup is complete and safeties are verified. 
g. Automatic temperature-control systems are operational. 
h. Ceilings are installed. 
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i. Windows and doors are installed. 
j. Suitable access to balancing devices and equipment is provided. 

2. Hydronics: 
a. Verify leakage and pressure tests on water distribution systems have been 

satisfactorily completed. 
b. Piping is complete with terminals installed. 
c. Water treatment is complete. 
d. Systems are flushed, filled, and air purged. 
e. Strainers are pulled and cleaned. 
f. Control valves are functioning in accordance with the sequence of 

operation. 
g. Shutoff and balance valves have been verified to be 100 percent open. 
h. Pumps are started and proper rotation is verified. 
i. Pump gauge connections are installed directly at pump inlet and outlet 

flanges or in discharge and suction pipe prior to valves or strainers. 
j. Variable-frequency controllers' startup is complete and safeties are verified. 
k. Suitable access to balancing devices and equipment is provided. 

3.4 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system in accordance with the 
procedures contained in ASHRAE 111 or SMACNA's "HVAC Systems - Testing, 
Adjusting, and Balancing" and in this Section. 

B. Cut insulation, ducts, pipes, and equipment casings for installation of test probes to the 
minimum extent necessary for TAB procedures. 

1. After testing and balancing, patch probe holes in ducts with same material and 
thickness as used to construct ducts. 

2. Where holes for probes are required in piping or hydronic equipment, install 
pressure and temperature test plugs to seal systems. 

3. Install and join new insulation that matches removed materials. Restore 
insulation, coverings, vapor barrier, and finish in accordance with Section 230700 
"HVAC Insulation." 

C. Mark equipment and balancing devices, including damper-control positions, valve 
position indicators, fan-speed-control levers, and similar controls and devices, with 
paint or other suitable, permanent identification material to show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) units. 

3.5 TESTING, ADJUSTING, AND BALANCING OF HVAC EQUIPMENT 

A. Test, adjust, and balance HVAC equipment indicated on Drawings, including, but not 
limited to, the following: 

Retain any of 40 subparagraphs below as applicable to Project. 
1. Motors. 
2. Fans and ventilators. 
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3. Rooftop air-conditioning units. 
4. Dedicated outdoor-air units. 
5. Fan coil units. 

3.6 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

A. Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and 
recommended testing procedures. Crosscheck the summation of required outlet 
volumes with required fan volumes. 

B. Prepare schematic diagrams of systems' Record drawings duct layouts. 

C. For variable-air-volume systems, develop a plan to simulate diversity. 

D. Determine the best locations in main and branch ducts for accurate duct-airflow 
measurements. 

E. Check airflow patterns from the outdoor-air louvers and dampers and the return- and 
exhaust-air dampers through the supply-fan discharge and mixing dampers. 

F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

G. Verify that motor starters are equipped with properly sized thermal protection. 

H. Check dampers for proper position to achieve desired airflow path. 

I. Check for airflow blockages. 

J. Check condensate drains for proper connections and functioning. 

K. Check for proper sealing of air-handling-unit components. 

L. Verify that air duct system is sealed as specified in Section 233113 "Metal Ducts." 

3.7 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed 
listed by fan manufacturer. 
1. Measure total airflow. 

a. Set outside-air, return-air, and relief-air dampers for proper position that 
simulates minimum outdoor-air conditions. 

b. Where duct conditions allow, measure airflow by main Pitot-tube traverse. 
If necessary, perform multiple Pitot-tube traverses close to the fan and prior 
to any outlets, to obtain total airflow. 

c. Where duct conditions are unsuitable for Pitot-tube traverse 
measurements, a coil traverse may be acceptable. 

d. If a reliable Pitot-tube traverse or coil traverse is not possible, measure 
airflow at terminals and calculate the total airflow. 

2. Measure fan static pressures as follows: 
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a. Measure static pressure directly at the fan outlet or through the flexible 
connection. 

b. Measure static pressure directly at the fan inlet or through the flexible 
connection. 

c. Measure static pressure across each component that makes up the air-
handling system. 

d. Report artificial loading of filters at the time static pressures are measured. 

3. Review Contractor-prepared shop drawings and Record drawings to determine 
variations in design static pressures versus actual static pressures. Calculate 
actual system-effect factors. Recommend adjustments to accommodate actual 
conditions. 

4. Obtain approval from Architect for adjustment of fan speed higher or lower than 
indicated speed. Comply with requirements in HVAC Sections for air-handling 
units for adjustment of fans, belts, and pulley sizes to achieve indicated air-
handling-unit performance. 

5. Do not make fan-speed adjustments that result in motor overload. Consult 
equipment manufacturers about fan-speed safety factors. Modulate dampers and 
measure fan-motor amperage to ensure that no overload occurs. Measure 
amperage in full-cooling, full-heating, economizer, and any other operating mode 
to determine the maximum required brake horsepower. 

B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to 
indicated airflows. 
1. Measure airflow of submain and branch ducts. 
2. Adjust submain and branch duct volume dampers for specified airflow. 
3. Re-measure each submain and branch duct after all have been adjusted. 

C. Adjust air inlets and outlets for each space to indicated airflows. 
1. Set airflow patterns of adjustable outlets for proper distribution without drafts. 
2. Measure inlets and outlets airflow. 
3. Adjust each inlet and outlet for specified airflow. 
4. Re-measure each inlet and outlet after they have been adjusted. 

D. Verify final system conditions. 
1. Re-measure and confirm that minimum outdoor, return, and relief airflows are 

within design. Readjust to design if necessary. 
2. Re-measure and confirm that total airflow is within design. 
3. Re-measure all final fan operating data, speed, volts, amps, and static profile. 
4. Mark all final settings. 
5. Test system in economizer mode. Verify proper operation and adjust if 

necessary. 
6. Measure and record all operating data. 
7. Record final fan-performance data. 

3.8 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports for pumps, coils, and other equipment. Obtain approved submittals 
and manufacturer-recommended testing procedures. Crosscheck the summation of 
required coil and equipment flow rates with pump design flow rate. 
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B. Prepare schematic diagrams of systems' Record drawings piping layouts. 

C. In addition to requirements in "Preparation" Article, prepare hydronic systems for 
testing and balancing as follows: 
1. Check expansion tank for proper setting. 
2. Check highest vent for adequate pressure. 
3. Check flow-control valves for proper position. 
4. Locate start-stop and disconnect switches, electrical interlocks, and motor 

controllers. 
5. Verify that motor controllers are equipped with properly sized thermal protection. 
6. Check that air has been purged from the system. 

D. Measure and record upstream and downstream pressure of each piece of equipment. 

E. Measure and record upstream and downstream pressure of pressure-reducing valves. 

F. Check settings and operation of automatic temperature-control valves, self-contained 
control valves, and pressure-reducing valves. Record final settings. 
1. Check settings and operation of each safety valve. Record settings. 

3.9 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS 

A. Balance systems with automatic two- and three-way control valves by setting systems 
at maximum flow through heat-exchange terminals and proceed as specified above for 
hydronic systems. 

B. Adjust the variable-flow hydronic system as follows: 
1. Verify that the pressure-differential sensor(s) is located as indicated. 
2. Determine whether there is diversity in the system. 

C. For systems with no flow diversity: 
1. Adjust pumps to deliver total design flow. 

a. Measure total water flow. 
1) Position valves for full flow through coils. 
2) Measure flow by main flow meter, if installed. 
3) If main flow meter is not installed, determine flow by pump TDH or 

known equipment pressure drop. 
b. Measure pump TDH as follows: 

1) Measure discharge pressure directly at the pump outlet flange or in 
discharge pipe prior to any valves. 

2) Measure inlet pressure directly at the pump inlet flange or in suction 
pipe prior to any valves or strainers. 

3) Convert pressure to head and correct for differences in gauge 
heights. 

4) Verify pump impeller size by measuring the TDH with the discharge 
valve closed. Note the point on manufacturer's pump curve at zero 
flow, and verify that the pump has the intended impeller size. 

5) With valves open, read pump TDH. Adjust pump discharge valve or 
speed until design water flow is achieved. If excessive throttling is 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 10 

required to achieve desired flow, recommend pump impellers be 
trimmed to reduce excess throttling. 

c. Monitor motor performance during procedures, and do not operate motor in 
an overloaded condition. 

2. Adjust flow-measuring devices installed in mains and branches to design water 
flows. 
a. Measure flow in main and branch pipes. 
b. Adjust main and branch balance valves for design flow. 
c. Re-measure each main and branch after all have been adjusted. 

3. Adjust flow-measuring devices installed at terminals for each space to design 
water flows. 
a. Measure flow at terminals. 
b. Adjust each terminal to design flow. 
c. Re-measure each terminal after it is adjusted. 
d. Position control valves to bypass the coil, and adjust the bypass valve to 

maintain design flow. 
e. Perform temperature tests after flows have been balanced. 

4. For systems with pressure-independent valves at terminals: 
a. Measure differential pressure and verify that it is within manufacturer's 

specified range. 
b. Perform temperature tests after flows have been verified. 

5. For systems without pressure-independent valves or flow-measuring devices at 
terminals: 
a. Measure and balance coils by either coil pressure drop or temperature 

method. 
b. If balanced by coil pressure drop, perform temperature tests after flows 

have been verified. 
6. Prior to verifying final system conditions, determine the system pressure-

differential set point(s). 
7. If the pump discharge valve was used to set total system flow with variable-

frequency controller at 60 Hz, at completion, open discharge valve 100 percent, 
and allow variable-frequency controller to control system differential-pressure set 
point. Record pump data under both conditions. 

8. Mark final settings and verify that all memory stops have been set. 
9. Verify final system conditions as follows: 

a. Re-measure and confirm that total flow is within design. 
b. Re-measure final pumps' operating data, TDH, volts, amps, speed, and 

static profile. 
c. Mark final settings. 

D. For systems with flow diversity: 
1. Determine diversity factor. 
2. Simulate system diversity by closing required number of control valves, as 

approved by Architect. 
3. Adjust pumps to deliver total design flow. 

a. Measure total water flow. 
1) Position valves for full flow through coils. 
2) Measure flow by main flow meter, if installed. 
3) If main flow meter is not installed, determine flow by pump TDH or 

known equipment pressure drop. 
b. Measure pump TDH as follows: 
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1) Measure discharge pressure directly at the pump outlet flange or in 
discharge pipe prior to any valves. 

2) Measure inlet pressure directly at the pump inlet flange or in suction 
pipe prior to any valves or strainers. 

3) Convert pressure to head and correct for differences in gauge 
heights. 

4) Verify pump impeller size by measuring the TDH with the discharge 
valve closed. Note the point on manufacturer's pump curve at zero 
flow, and verify that the pump has the intended impeller size. 

5) With valves open, read pump TDH. Adjust pump discharge valve or 
speed until design water flow is achieved. If excessive throttling is 
required to achieve desired flow, recommend pump impellers be 
trimmed to reduce excess throttling. 

c. Monitor motor performance during procedures, and do not operate motor in 
an overloaded condition. 

4. Adjust flow-measuring devices installed in mains and branches to design water 
flows. 
a. Measure flow in main and branch pipes. 
b. Adjust main and branch balance valves for design flow. 
c. Re-measure each main and branch after all have been adjusted. 

5. Adjust flow-measuring devices installed at terminals for each space to design 
water flows. 
a. Measure flow at terminals. 
b. Adjust each terminal to design flow. 
c. Re-measure each terminal after it is adjusted. 
d. Position control valves to bypass the coil, and adjust the bypass valve to 

maintain design flow. 
e. Perform temperature tests after flows have been balanced. 

6. For systems with pressure-independent valves at terminals: 
a. Measure differential pressure, and verify that it is within manufacturer's 

specified range. 
b. Perform temperature tests after flows have been verified. 

7. For systems without pressure-independent valves or flow-measuring devices at 
terminals: 
a. Measure and balance coils by either coil pressure drop or temperature 

method. 
b. If balanced by coil pressure drop, perform temperature tests after flows 

have been verified. 
8. Open control valves that were shut. Close a sufficient number of control valves 

that were previously open to maintain diversity, and balance terminals that were 
just opened. 

9. Prior to verifying final system conditions, determine system pressure-differential 
set point(s). 

10. If the pump discharge valve was used to set total system flow with variable-
frequency controller at 60 Hz, at completion, open discharge valve 100 percent, 
and allow variable-frequency controller to control system differential-pressure set 
point. Record pump data under both conditions. 

11. Mark final settings and verify that memory stops have been set. 
12. Verify final system conditions as follows: 

a. Re-measure and confirm that total water flow is within design. 
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b. Re-measure final pumps' operating data, TDH, volts, amps, speed, and 
static profile. 

c. Mark final settings. 

3.10 PROCEDURES FOR MOTORS 

A. Motors 1/2 HP and Larger: Test at final balanced conditions and record the following 
data: 

1. Manufacturer's name, model number, and serial number. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Phase and hertz. 
5. Nameplate and measured voltage, each phase. 
6. Nameplate and measured amperage, each phase. 
7. Starter size and thermal-protection-element rating. 
8. Service factor and frame size. 

B. Motors Driven by Variable-Frequency Controllers: Test manual bypass of controller to 
prove proper operation. 

3.11 SOUND TESTS 

A. After systems are balanced and Substantial Completion, measure and record sound 
levels at 10 locations as designated by the Architect. 

B. Instrumentation: 
1. The sound-testing meter shall be a portable, general-purpose testing meter 

consisting of a microphone, processing unit, and readout. 
2. The sound-testing meter shall be capable of showing fluctuations at minimum 

and maximum levels, and measuring the equivalent continuous sound pressure 
level (Leq). 

3. The sound-testing meter must be capable of using one-third octave band filters to 
measure mid-frequencies from 31.5 Hz to 8000 Hz. 

4. The accuracy of the sound-testing meter shall be plus or minus one decibel. 

C. Test Procedures: 
1. Perform test at quietest background noise period. Note cause of unpreventable 

sound that affects test outcome. 
2. Equipment should be operating at design values. 
3. Calibrate the sound-testing meter prior to taking measurements. 
4. Use a microphone suitable for the type of noise levels measured that is 

compatible with meter. Provide a windshield for outside or in-duct 
measurements. 

5. Record a set of background measurements in dBA and sound pressure levels in 
the eight unweighted octave bands 63 Hz to 8000 Hz (NC) with the equipment 
off. 

6. Take sound readings in dBA and sound pressure levels in the eight unweighted 
octave bands 63 Hz to 8000 Hz (NC) with the equipment operating. 
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7. Take readings no closer than 36 inches from a wall or from the operating 
equipment and approximately 60 inches from the floor, with the meter held or 
mounted on a tripod. 

8. For outdoor measurements, move sound-testing meter slowly and scan area that 
has the most exposure to noise source being tested. Use A-weighted scale for 
this type of reading. 

D. Reporting: 
1. Report shall record the following: 

a. Location. 
b. System tested. 
c. dBA reading. 
d. Sound pressure level in each octave band with equipment on and off. 

2. Plot sound pressure levels on Noise Criteria (NC) worksheet with equipment on 
and off. 

3.12 VIBRATION TESTS 

A. After systems are balanced and Substantially Completion, measure and record 
vibration levels on equipment having motor horsepower equal to or greater than 10. 

B. Instrumentation: 
1. Use portable, battery-operated, and microprocessor-controlled vibration meter 

with or without a built-in printer. 
2. The meter shall automatically identify engineering units, filter bandwidth, 

amplitude, and frequency scale values. 
3. The meter shall be able to measure machine vibration displacement in mils of 

deflection, velocity in inches per second, and acceleration in inches per second 
squared. 

4. Verify calibration date is current for vibration meter before taking readings. 

C. Test Procedures: 
1. To ensure accurate readings, verify that accelerometer has a clean, flat surface 

and is mounted properly. 
2. With the unit running, set up vibration meter in a safe, secure location. Connect 

transducer to meter with proper cables. Hold magnetic tip of transducer on top of 
the bearing, and measure unit in mils of deflection. Record measurement, then 
move transducer to the side of the bearing and record in mils of deflection. 
Record an axial reading in mils of deflection by holding nonmagnetic, pointed 
transducer tip on end of shaft. 

3. Change vibration meter to velocity (inches per second) measurements. Repeat 
and record above measurements. 

4. Record CPM or rpm. 
5. Read each bearing on motor, fan, and pump as required. Track and record 

vibration levels from rotating component through casing to base. 

D. Reporting: 
1. Report shall record location and the system tested. 
2. Include horizontal-vertical-axial measurements for tests. 
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3. Verify that vibration limits follow Specifications, or, if not specified, follow the 
General Machinery Vibration Severity Chart or Vibration Acceleration General 
Severity Chart from AABC's "National Standards for Total System Balance." 
Acceptable levels of vibration are normally "smooth" to "good." 

4. Include in General Machinery Vibration Severity Chart, with conditions plotted. 

3.13 DUCT LEAKAGE TESTS 

A. Witness the duct leakage testing performed by Installer. 

B. Verify that proper test methods are used and that leakage rates are within specified 
limits. 

C. Report deficiencies observed. 

3.14 PIPE LEAKAGE TESTS 

A. Witness the pipe pressure testing performed by Installer. 

B. Verify that proper test methods are used and that leakage rates are within specified 
limits. 

C. Report deficiencies observed. 

3.15 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING 
SYSTEMS 

A. Perform a preconstruction inspection of existing equipment that is to remain and be 
reused. 
1. Measure and record the operating speed, airflow, and static pressure of each fan 

and equipment with fan(s). 
2. Measure and record flows, temperatures, and pressures of each piece of 

equipment in each hydronic system. Compare the values to design or nameplate 
information, where information is available. 

3. Measure motor voltage and amperage. Compare the values to motor nameplate 
information. 

4. Check the refrigerant charge. 
5. Check the condition of filters. 
6. Check the condition of coils. 
7. Check the operation of the drain pan and condensate-drain trap. 
8. Check bearings and other lubricated parts for proper lubrication. 
9. Report on the operating condition of the equipment and the results of the 

measurements taken. Report deficiencies. 

B. TAB After Construction: Before performing testing and balancing of renovated existing 
systems, inspect existing equipment that is to remain and be reused to verify that 
existing equipment has been cleaned and refurbished in accordance with renovation 
scope indicated by Contract Documents. Verify the following: 
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1. New filters are installed. 
2. Coils are clean and fins combed. 
3. Drain pans are clean. 
4. Fans are clean. 
5. Bearings and other parts are properly lubricated. 
6. Deficiencies noted in the preconstruction report are corrected. 

C. Perform testing and balancing of existing systems to the extent that existing systems 
are affected by the renovation work. 
1. Compare the indicated airflow of the renovated work to the measured fan 

airflows, and determine the new fan speed and the face velocity of filters and 
coils. 

2. Verify that the indicated airflows of the renovated work result in filter and coil face 
velocities and fan speeds that are within the acceptable limits defined by 
equipment manufacturer. 

3. If calculations increase or decrease the airflow rates and water flow rates by 
more than 5 percent, make equipment adjustments to achieve the calculated 
rates. If increase or decrease is 5 percent or less, equipment adjustments are not 
required. 

4. Balance each air outlet. 

3.16 TOLERANCES 

A. Set HVAC system's airflow rates and water flow rates within the following tolerances: 
1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus or minus 10 

percent. 
2. Air Outlets and Inlets: Plus or minus 10 percent. 
3. Heating-Water Flow Rate: Plus or minus 10 percent. 
4. Chilled-Water Flow Rate: Plus 10 percent or minus 0 percent. 

B. Maintaining pressure relationships as designed shall have priority over the tolerances 
specified above. 

3.17 PROGRESS REPORTING 

A. Initial Construction-Phase Report: Based on examination of the Contract Documents 
as specified in "Examination" Article, prepare a report on the adequacy of design for 
system-balancing devices. Recommend changes and additions to system-balancing 
devices, to facilitate proper performance measuring and balancing. Recommend 
changes and additions to HVAC systems and general construction to allow access for 
performance-measuring and -balancing devices. 

B. Status Reports: Prepare weekly progress reports to describe completed procedures, 
procedures in progress, and scheduled procedures. Include a list of deficiencies and 
problems found in systems being tested and balanced. Prepare a separate report for 
each system and each building floor for systems serving multiple floors. 
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3.18 FINAL REPORT 

A. General: Prepare a certified written report; tabulate and divide the report into separate 
sections for tested systems and balanced systems. 
1. Include a certification sheet at the front of the report's binder, signed and sealed 

by the certified testing and balancing engineer. 
2. Include a list of instruments used for procedures, along with proof of calibration. 
3. Certify validity and accuracy of field data. 

B. Final Report Contents: In addition to certified field-report data, include the following: 
1. Pump curves. 
2. Fan curves. 
3. Manufacturers' test data. 
4. Field test reports prepared by system and equipment installers. 
5. Other information relative to equipment performance; do not include Shop 

Drawings and Product Data. 

C. General Report Data: In addition to form titles and entries, include the following data: 
1. Title page. 
2. Name and address of the TAB specialist. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of TAB supervisor who certifies the report. 
10. Table of Contents with the total number of pages defined for each section of the 

report. Number each page in the report. 
11. Summary of contents, including the following: 

a. Indicated versus final performance. 
b. Notable characteristics of systems. 
c. Description of system operation sequence if it varies from the Contract 

Documents. 
12. Nomenclature sheets for each item of equipment. 
13. Data for terminal units, including manufacturer's name, type, size, and fittings. 
14. Notes to explain why certain final data in the body of reports vary from indicated 

values. 
15. Test conditions for fans performance forms, including the following: 

a. Settings for outdoor-, return-, and exhaust-air dampers. 
b. Conditions of filters. 
c. Cooling coil, wet- and dry-bulb conditions. 
d. Heating coil, dry-bulb conditions. 
e. Face and bypass damper settings at coils. 
f. Fan drive settings, including settings and percentage of maximum pitch 

diameter. 
g. Variable-frequency controller and inlet vane settings for variable-air-volume 

systems. 
h. Settings for pressure controller(s). 
i. Other system operating conditions that affect performance. 

16. Test conditions for pump performance forms, including the following: 
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a. Variable-frequency controller settings for variable-flow hydronic systems. 
b. Settings for pressure controller(s). 
c. Other system operating conditions that affect performance. 

D. System Diagrams: Include schematic layouts of air and hydronic distribution systems. 
Present each system with single-line diagram and include the following: 
1. Quantities of outdoor, supply, return, and exhaust airflows. 
2. Water and steam flow rates. 
3. Duct, outlet, and inlet sizes. 
4. Pipe and valve sizes and locations. 
5. Terminal units. 
6. Balancing stations. 
7. Position of balancing devices. 

E. Air-Handling-Unit Test Reports: For air-handling units, include the following: 
1. Unit Data: 

a. Unit identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Unit arrangement and class. 
g. Discharge arrangement. 
h. Sheave make, size in inches, and bore. 
i. Center-to-center dimensions of sheave and amount of adjustments in 

inches. 
j. Number, make, and size of belts. 
k. Number, type, and size of filters. 

2. Motor Data: 
a. Motor make, and frame type and size. 
b. Horsepower and speed. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches, and bore. 
f. Center-to-center dimensions of sheave and amount of adjustments in 

inches. 

3. Test Data (Indicated and Actual Values): 
a. Total airflow rate in cfm. 
b. Total system static pressure in inches wg. 
c. Fan speed. 
d. Inlet and discharge static pressure in inches wg. 
e. For each filter bank, filter static-pressure differential in inches wg. 
f. Preheat-coil static-pressure differential in inches wg. 
g. Cooling-coil static-pressure differential in inches wg. 
h. Heating-coil static-pressure differential in inches wg. 
i. List for each internal component with pressure-drop, static-pressure 

differential in inches wg. 
j. Outdoor airflow in cfm. 
k. Return airflow in cfm. 
l. Outdoor-air damper position. 
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m. Return-air damper position. 

F. Gas- and Oil-Fired Heat Apparatus Test Reports: In addition to manufacturer's factory 
startup equipment reports, include the following: 
1. Unit Data: 

a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Fuel type in input data. 
g. Output capacity in Btu/h. 
h. Ignition type. 
i. Burner-control types. 
j. Motor horsepower and speed. 
k. Motor volts, phase, and hertz. 
l. Motor full-load amperage and service factor. 
m. Sheave make, size in inches, and bore. 
n. Center-to-center dimensions of sheave and amount of adjustments in 

inches. 
2. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm. 
b. Entering-air temperature in deg F. 
c. Leaving-air temperature in deg F. 
d. Air temperature differential in deg F. 
e. Entering-air static pressure in inches wg. 
f. Leaving-air static pressure in inches wg. 
g. Air static-pressure differential in inches wg. 
h. Low-fire fuel input in Btu/h. 
i. High-fire fuel input in Btu/h. 
j. Manifold pressure in psig. 
k. High-temperature-limit setting in deg F. 
l. Operating set point in Btu/h. 
m. Motor voltage at each connection. 
n. Motor amperage for each phase. 
o. Heating value of fuel in Btu/h. 

G. Fan Test Reports: For supply, return, and exhaust fans, include the following: 
1. Fan Data: 

a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and size. 
e. Manufacturer's serial number. 
f. Arrangement and class. 
g. Sheave make, size in inches, and bore. 
h. Center-to-center dimensions of sheave and amount of adjustments in 

inches. 
2. Motor Data: 

a. Motor make, and frame type and size. 
b. Horsepower and speed. 
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c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches, and bore. 
f. Center-to-center dimensions of sheave and amount of adjustments in 

inches. 
g. Number, make, and size of belts. 

3. Test Data (Indicated and Actual Values): 
a. Total airflow rate in cfm. 
b. Total system static pressure in inches wg. 
c. Fan speed. 
d. Discharge static pressure in inches wg. 
e. Suction static pressure in inches wg. 

H. Round, Flat-Oval, and Rectangular Duct Traverse Reports: Include a diagram with a 
grid representing the duct cross-section and record the following: 
1. Report Data: 

a. System fan and air-handling-unit number. 
b. Location and zone. 
c. Traverse air temperature in deg F. 
d. Duct static pressure in inches wg. 
e. Duct size in inches. 
f. Duct area in sq. ft.. 
g. Indicated airflow rate in cfm. 
h. Indicated velocity in fpm. 
i. Actual airflow rate in cfm. 
j. Actual average velocity in fpm. 
k. Barometric pressure in psig. 

I. Air-Terminal-Device Reports: 
1. Unit Data: 

a. System and air-handling unit identification. 
b. Location and zone. 
c. Apparatus used for test. 
d. Area served. 
e. Make. 
f. Number from system diagram. 
g. Type and model number. 
h. Size. 
i. Effective area in sq. ft.. 

2. Test Data (Indicated and Actual Values): 
a. Airflow rate in cfm. 
b. Air velocity in fpm. 
c. Preliminary airflow rate as needed in cfm. 
d. Preliminary velocity as needed in fpm. 
e. Final airflow rate in cfm. 
f. Final velocity in fpm. 
g. Space temperature in deg F. 

J. System-Coil Reports: For reheat coils and water coils of terminal units, include the 
following: 
1. Unit Data: 
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a. System and air-handling-unit identification. 
b. Location and zone. 
c. Room or riser served. 
d. Coil make and size. 
e. Flowmeter type. 

2. Test Data (Indicated and Actual Values): 
a. Airflow rate in cfm. 
b. Entering-water temperature in deg F. 
c. Leaving-water temperature in deg F. 
d. Water pressure drop in feet of head or psig. 
e. Entering-air temperature in deg F. 
f. Leaving-air temperature in deg F. 

K. Vibration Measurement Reports: 
1. Date and time of test. 
2. Vibration meter manufacturer, model number, and serial number. 
3. Equipment designation, location, equipment, speed, motor speed, and motor 

horsepower. 
4. Diagram of equipment showing the vibration measurement locations. 
5. Measurement readings for each measurement location. 
6. Calculate isolator efficiency using measurements taken. 
7. Description of predominant vibration source. 

L. Sound Measurement Reports:  Record sound measurements on octave band and dBA 
test forms and on an NC or RC chart indicating the decibel level measured in each 
frequency band for both "background" and "HVAC system operating" readings.  Record 
each tested location on a separate NC or RC chart.  Record the following on the forms: 
1. Date and time of test.  Record each tested location on its own NC curve. 
2. Sound meter manufacturer, model number, and serial number. 
3. Space location within the building including floor level and room number. 
4. Diagram or color photograph of the space showing the measurement location. 
5. Time weighting of measurements, either fast or slow. 
6. Description of the measured sound:  steady, transient, or tonal. 
7. Description of predominant sound source. 

M. Instrument Calibration Reports: 
1. Report Data: 

a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 
e. Dates of calibration. 

3.19 VERIFICATION OF TAB REPORT 

A. The TAB specialist's test and balance engineer shall conduct the inspection in the 
presence of the Architect, Owner’s representative or Commissioning authority. 

B. Architect, Owner’s representative or Commissioning authority shall randomly select 
measurements, documented in the final report, to be rechecked. Rechecking shall be 
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limited to either 10 percent of the total measurements recorded or the extent of 
measurements that can be accomplished in a normal 8-hour business day. 

C. If rechecks yield measurements that differ from the measurements documented in the 
final report by more than the tolerances allowed, the measurements shall be noted as 
"FAILED." 

D. If the number of "FAILED" measurements is greater than 10 percent of the total 
measurements checked during the final inspection, the testing and balancing shall be 
considered incomplete and shall be rejected. 

E. If recheck measurements find the number of failed measurements noncompliant with 
requirements indicated, proceed as follows: 
1. TAB specialists shall recheck all measurements and make adjustments. Revise 

the final report and balancing device settings to include all changes; resubmit the 
final report and request a second final inspection. All changes shall be tracked to 
show changes made to previous report. 

2. If the second final inspection also fails, Owner may pursue others Contract 
options to complete TAB work. 

F. Prepare test and inspection reports. 

3.20 ADDITIONAL TESTS 

A. Within 90 days of completing TAB, perform additional TAB to verify that balanced 
conditions are being maintained throughout and to correct unusual conditions. 

B. Seasonal Periods: If initial TAB procedures were not performed during near-peak 
summer and winter conditions, perform additional TAB during near-peak summer and 
winter conditions. 

END OF SECTION 230593 
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SECTION 230700 - HVAC INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes insulation for the following HVAC services: 
1. HVAC piping. 
2. HVAC equipment. 
3. HVAC duct services. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. Include thermal conductivity, water-
vapor permeance thickness, and jackets (both factory and field applied if any). 

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other 
work. 
1. Detail application of protective shields, saddles, and inserts at hangers for each 

type of insulation and hanger. 
2. Detail attachment and covering of heat tracing inside insulation. 
3. Detail insulation application at pipe expansion joints for each type of insulation. 
4. Detail insulation application at elbows, fittings, flanges, valves, and specialties for 

each type of insulation. 
5. Detail removable insulation at piping specialties. 
6. Detail removable insulation at equipment connections. 
7. Detail application of field-applied jackets. 
8. Detail application at linkages of control devices. 
9. Detail field application for each equipment type. 

C. Samples: 
1. Manufacturer's Color Charts: For products where color is specified, show the full 

range of colors available for each type of finish material. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For qualified Installer. 
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1.5 QUALITY ASSURANCE 

A. Mockups: Before installing insulation, build mockups for each type of insulation and 
finish listed below to demonstrate quality of insulation application and finishes. Build 
mockups in the location indicated or, if not indicated, as directed by Architect. Use 
materials indicated for the completed Work. 
1. Piping Mockups: 

a. One 10-foot section of NPS 2 straight pipe. 
b. One each of a 90-degree threaded, welded, and flanged elbow. 
c. One each of a threaded, welded, and flanged tee fitting. 
d. One NPS 2 or smaller valve, and one NPS 2-1/2 or larger valve. 
e. Four support hangers including hanger shield and insert. 
f. One threaded strainer and one flanged strainer with removable portion of 

insulation. 
g. One threaded reducer and one welded reducer. 
h. One pressure temperature tap. 
i. One mechanical coupling. 

2. Ductwork Mockups: 
a. One 10-foot section each of rectangular and round straight duct. 
b. One each of a 90-degree mitered round and rectangular elbow, and one 

each of a 90-degree radius round and rectangular elbow. 
c. One rectangular branch takeoff and one round branch takeoff from a 

rectangular duct. One round tee fitting. 
d. One rectangular and round transition fitting. 
e. Four support hangers for round and rectangular ductwork. 
f. Each type of damper and specialty. 

3. For each mockup, fabricate cutaway sections to allow observation of application 
details for insulation materials, adhesives, mastics, attachments, and jackets. 

4. Notify Architect seven days in advance of dates and times when mockups will be 
constructed. 

5. Obtain Architect's approval of mockups before starting insulation application. 
6. Approval of mockups does not constitute approval of deviations from the 

Contract Documents contained in mockups unless Architect specifically approves 
such deviations in writing. 

7. Maintain mockups during construction in an undisturbed condition as a standard 
for judging the completed Work. 

8. Demolish and remove mockups when directed. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Packaging: Insulation material containers shall be marked by manufacturer with 
appropriate ASTM standard designation, type and grade, and maximum use 
temperature. 

1.7 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields. 
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B. Coordinate clearance requirements with piping Installer for piping insulation 
application. Before preparing piping Shop Drawings, establish and maintain clearance 
requirements for installation of insulation and field-applied jackets and finishes and for 
space required for maintenance. 

C. Coordinate installation and testing of heat tracing. 

1.8 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, 
after installing and testing heat tracing. Insulation application may begin on segments 
that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Surface-Burning Characteristics: For insulation and related materials, as determined by 
testing identical products according to ASTM E 84, by a testing and inspecting agency 
acceptable to authorities having jurisdiction. Factory label insulation and jacket 
materials and adhesive, mastic, tapes, and cement material containers, with 
appropriate markings of applicable testing agency. 
1. All Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-

developed index of 50 or less. 

2.2 INSULATION MATERIALS 

A. Comply with requirements in PART 3 - EXECUTION articles for where insulating 
materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable chloride 
content of less than 50 ppm when tested according to ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable 
according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the 
manufacturing process. 

F. Calcium Silicate: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Industrial Insulation Group, LLC (IIG-LLC). 
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b. Johns Manville; A Berkshire Hathaway Company. 
2. Preformed Pipe Sections: Flat-, curved-, and grooved-block sections of 

noncombustible, inorganic, hydrous calcium silicate with a non-asbestos fibrous 
reinforcement. Comply with ASTM C 533, Type I. 

3. Flat-, curved-, and grooved-block sections of noncombustible, inorganic, hydrous 
calcium silicate with a non-asbestos fibrous reinforcement. Comply with 
ASTM C 533, Type I. 

4. Prefabricated Fitting Covers: Comply with ASTM C 450 and ASTM C 585 for 
dimensions used in preforming insulation to cover valves, elbows, tees, and 
flanges. 

G. Cellular Glass: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. FOAMGLAS; an Owens Corning company 

2. Inorganic, incombustible, foamed or cellulated glass with annealed, rigid, 
hermetically sealed cells. Factory-applied jacket requirements are specified in 
"Factory-Applied Jackets" Article. 

3. Block Insulation: ASTM C 552, Type I. 
4. Special-Shaped Insulation: ASTM C 552, Type III. 
5. Board Insulation: ASTM C 552, Type IV. 
6. Preformed Pipe Insulation with Factory-Applied ASJ or ASJ-SSL: Comply with 

ASTM C 552, Type II, Class 2. 
7. Factory fabricate shapes according to ASTM C 450 and ASTM C 585. 
8. Thermal conductivity (k-value) at 75 deg F shall be 0.29 Btu x in./h x sq. ft. x 

deg F or less. 

H. Flexible Elastomeric Insulation: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Aeroflex USA, Inc.   
b. Airex Manufacturing   
c. Armacell LLC   
d. K-Flex USA 

2. Closed-cell, sponge- or expanded-rubber materials. Comply with ASTM C 534, 
Type I for tubular materials and Type II for sheet materials. 

3. Thermal conductivity (k-value) at 75 deg F shall be 0.25 Btu x in./h x sq. ft. x 
deg F or less (1-inch wall). 

I. Mineral-Fiber Blanket Insulation: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. CertainTeed Corporation   
b. Johns Manville; a Berkshire Hathaway company 
c. Knauf Insulation   
d. Manson Insulation Inc.   
e. Owens Corning 

2. Mineral or glass fibers bonded with a thermosetting resin. Comply with 
ASTM C 553, Type II and ASTM C 1290, Type I without factory-applied jacket, 
Type II with factory-applied vinyl jacket or Type III with factory-applied FSK 
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jacket. Factory-applied jacket requirements are specified in "Factory-Applied 
Jackets" Article. 

3. Compressed thermal conductivity (k-value) at 75 deg F shall be 0.25 Btu x in./h x 
sq. ft. x deg F or less.  Minimum installed R-Value of 3.0 (hr•ft2•°F)/Btu per inch 
thickness. 

J. High-Temperature, Mineral-Fiber Blanket Insulation:  
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Industrial Insulation Group, LLC (IIG-LLC)  
b. Johns Manville; a Berkshire Hathaway company 
c. Knauf Insulation   
d. Rock Wool   
e. ROXUL   
f. Thermafiber, Inc.; an Owens Corning company 

2. Mineral or glass fibers bonded with a thermosetting resin. Comply with 
ASTM C 553, Type V, without factory-applied jacket. 

K. Mineral-Fiber, Preformed Pipe Insulation: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. CertainTeed Corporation   
b. Johns Manville; a Berkshire Hathaway company 
c. Knauf Insulation   
d. Manson Insulation Inc.   
e. Owens Corning 

2. Type I, 850 deg F Materials: Mineral or glass fibers bonded with a thermosetting 
resin. Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ or 
ASJ-SSL. Factory-applied jacket requirements are specified in "Factory-Applied 
Jackets" Article. 

3. Thermal conductivity (k-value) at 75 deg F shall be 0.23 Btu x in./h x sq. ft. x 
deg F or less.   

L. Mineral-Fiber, Pipe Insulation:  
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Johns Manville; a Berkshire Hathaway company 
b. Knauf Insulation   
c. Manson Insulation Inc.   
d. Owens Corning 

2. Mineral or glass fibers bonded with a thermosetting resin. Semirigid board 
material with factory-applied ASJ complying with ASTM C 1393, Type II or 
Type IIIA Category 2, or with properties similar to ASTM C 612, Type IB. Factory-
applied jacket requirements are specified in "Factory-Applied Jackets" Article. 

3. Nominal density is 2.5 lb/cu. ft. or more.  Thermal conductivity (k-value) at 75 
deg F is 0.24 Btu x in./h x sq. ft. x deg F or less.  

M. Mineral-Fiber Board Insulation:  
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. CertainTeed Corporation   
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b. Johns Manville; a Berkshire Hathaway company 
c. Knauf Insulation   
d. Manson Insulation Inc.   
e. Thermafiber, Inc.; an Owens Corning company 

2. Mineral or glass fibers bonded with a thermosetting resin. Comply with 
ASTM C 612, Type IA or Type IB. For equipment applications, provide insulation 
with factory-applied ASJ or ASJ-SSL. Factory-applied jacket requirements are 
specified in "Factory-Applied Jackets" Article. 

3. Thermal conductivity (k-value) at 75 deg F shall be 0.23 Btu x in./h x sq. ft. x 
deg F or less. 

N. High-Temperature, Mineral-Fiber Board Insulation:  
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Industrial Insulation Group, LLC (IIG-LLC)  
b. Johns Manville; a Berkshire Hathaway company  
c. Knauf Insulation   
d. Rock Wool   
e. ROXUL   
f. Thermafiber, Inc.; an Owens Corning company 

2. Mineral or glass fibers bonded with a thermosetting resin. Comply with 
ASTM C 612, Type III, without factory-applied jacket. 

O. Polyisocyanurate: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Dow 
b. ITW Insulation Systems; Illinois Tool Works, Inc. 
c. Johns Manville; a Berkshire Hathaway company 

2. Faced, rigid cellular polyisocyanurate sheathing material intended for use as 
thermal duct insulation. 

3. Comply with ASTM C1289 Type 1, Class 1.  The compressive resistance shall 
not be less than 16.0 psi and a minimum installed R-Value of 6.0 (hr•ft2•°F)/Btu 
per inch thickness. 

4. Factory-Applied Jacket: Requirements are specified in "Factory-Applied Jackets" 
Article. 
a. Duct Applications: FSK. 

2.3 FIRE-RATED INSULATION SYSTEMS 

A. Fire-Rated Board: Structural-grade, press-molded, xonolite calcium silicate, fireproofing 
board suitable for operating temperatures up to 1700 deg F. Comply with ASTM C 656, 
Type II, Grade 6. Tested and certified to provide a 2-hour fire rating by an NRTL 
acceptable to authorities having jurisdiction. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Johns Manville; a Berkshire Hathaway company  
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B. Fire-Rated Blanket: High-temperature, flexible, blanket insulation with FSK jacket that 
is tested and certified to provide a 2-hour fire rating by an NRTL acceptable to 
authorities having jurisdiction. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. 3M   
b. CertainTeed Corporation   
c. Johns Manville; a Berkshire Hathaway company  
d. Nelson Firestop; a brand of Emerson Industrial Automation 
e. Thermal Ceramics   
f. Unifrax Corporation 

2.4 INSULATING CEMENTS 

A. Mineral-Fiber Insulating Cement: Comply with ASTM C 195. 

B. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with 
ASTM C 449. 

2.5 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for 
bonding insulation to itself and to surfaces to be insulated, unless otherwise indicated. 

B. For indoor applications, use adhesives that have a VOC content of 50 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

C. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Aeroflex USA, Inc.   
2. Armacell LLC   
3. Childers Brand; H. B. Fuller Construction Products 
4. Dow Corning Corporatio 
5. Eagle Bridges - Marathon Industries 
6. Foster Brand; H. B. Fuller Construction Products. 
7. Johns Manville; a Berkshire Hathaway company 
8. K-Flex USA 
9. P.I.C. Plastics, Inc.   
10. Mon-Eco Industries, Inc.  
11. Speedline Corporation 
12. Vimasco Corporation. 

D. Calcium Silicate Adhesive: Fibrous, sodium-silicate-based adhesive with a service 
temperature range of 50 to 800 deg F. 

E. Cellular-Glass Adhesive: Two-component, thermosetting urethane adhesive containing 
no flammable solvents, with a service temperature range of minus 100 to plus 200 
deg F. 
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F. Polyisocyanurate Adhesive: Solvent-based resin adhesive, with a service temperature 
range of minus 75 to plus 300 deg F. 

G. Flexible Elastomeric Adhesive: Comply with MIL-A-24179A, Type II, Class I. 

H. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A. 

I. ASJ Adhesive and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A 
for bonding insulation jacket lap seams and joints. 

J. PVC Jacket Adhesive: Compatible with PVC jacket. 

2.6 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply 
with MIL-PRF-19565C, Type II. 

B. For indoor applications, use mastics that have a VOC content of 420 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

C. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Childers Brand; H. B. Fuller Construction Products 
2. Eagle Bridges - Marathon Industries 
3. Foster Brand; H. B. Fuller Construction Products. 
4. Knauf Insulation   
5. Mon-Eco Industries, Inc. 
6. Vimasco Corporation 

D. Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services. 
1. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil 

dry film thickness. 
2. Service Temperature Range: Minus 20 to plus 180 deg F. 
3. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight. 
4. Color: White. 

E. Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient 
services. 
1. Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film 

thickness. 
2. Service Temperature Range: Minus 20 to plus 180 deg F. 
3. Solids Content: 60 percent by volume and 66 percent by weight. 
4. Color: White. 

2.7 LAGGING ADHESIVES 

A. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
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B. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Childers Brand; H. B. Fuller Construction Products 
2. Foster Brand; H. B. Fuller Construction Products. 
3. Vimasco Corporation 

C. Description: Comply with MIL-A-3316C, Class I, Grade A, and shall be compatible with 
insulation materials, jackets, and substrates. 
1. Fire-resistant, water-based lagging adhesive and coating for use indoors to 

adhere fire-resistant lagging cloths over pipe insulation. 
2. Service Temperature Range: 0 to plus 180 deg F. 
3. Color: White. 

2.8 SEALANTS 

A. Use sealants that have a VOC content of 420 g/L or less when calculated according to 
40 CFR 59, Subpart D (EPA Method 24) 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Childers Brand; H. B. Fuller Construction Products 
2. Eagle Bridges - Marathon Industries 
3. Foster Brand; H. B. Fuller Construction Products. 
4. Knauf Insulation   
5. Mon-Eco Industries, Inc. 
6. Pittsburgh Corning Corporation 
7. Vimasco Corporation 

C. Cellular-Glass and Polyisocyanurate Joint Sealants: 
1. Materials shall be compatible with insulation materials, jackets, and substrates. 
2. Permanently flexible, elastomeric sealant. 
3. Service Temperature Range: Minus 100 to plus 300 deg F. 
4. Color: White or gray. 

D. FSK and Metal Jacket Flashing Sealants: 
1. Materials shall be compatible with insulation materials, jackets, and substrates. 
2. Fire- and water-resistant, flexible, elastomeric sealant. 
3. Service Temperature Range: Minus 40 to plus 250 deg F. 
4. Color: Aluminum. 

E. ASJ Flashing Sealants and PVC Jacket Flashing Sealants: 
1. Materials shall be compatible with insulation materials, jackets, and substrates. 
2. Fire- and water-resistant, flexible, elastomeric sealant. 
3. Service Temperature Range: Minus 40 to plus 250 deg F. 
4. Color: White. 
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2.9 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications. 
When factory-applied jackets are indicated, comply with the following: 
1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 

complying with ASTM C 1136, Type I. 
2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive 

covered by a removable protective strip; complying with ASTM C 1136, Type I. 
3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 

complying with ASTM C 1136, Type II. 

2.10 FIELD-APPLIED CLOTHS 

A. Woven Glass-Fiber Fabric: Comply with MIL-C-20079H, Type I, plain weave, and 
presized a minimum of 8 oz./sq. yd.. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Alpha Associates, Inc 

2.11 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise 
indicated. 

B. FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing. 

C. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 
Class 16354-C; 30 mils thick; roll stock ready for shop or field cutting and forming. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Johns Manville; a Berkshire Hathaway company 
b. P.I.C. Plastics, Inc.   
c. Proto Corporation   
d. Speedline Corporation 

2. Adhesive: As recommended by jacket material manufacturer. 
3. Color: White 
4. Factory-fabricated fitting covers to match jacket if available; otherwise, field 

fabricate. 
a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, 

flanges, unions, reducers, end caps, and mechanical joints. 

D. Metal Jacket: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. ITW Insulation Systems; Illinois Tool Works, Inc. 
b. RPR Products, Inc. 

2. Aluminum Jacket: Comply with ASTM B 209, ASTM C 1729, Alloy 3003, 3005, 
3105, or 5005, Temper H-14. 
a. Factory cut and rolled to size. 
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b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Indoor Applications: 1-mil- thick, heat-bonded 

polyethylene and kraft paper. 
d. Moisture Barrier for Outdoor Applications: 3-mil- thick, heat-bonded 

polyethylene and kraft paper. 
e. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius 

elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are 

not available. 

3. Stainless-Steel Jacket: ASTM A 167 or ASTM A 240/A 240M. 
a. Factory cut and rolled to size. 
b. Material, finish, and thickness are indicated in field-applied jacket 

schedules. 
c. Moisture Barrier for Indoor Applications: 1-mil- thick, heat-bonded 

polyethylene and kraft paper. 
d. Moisture Barrier for Outdoor Applications: 3-mil- thick, heat-bonded 

polyethylene and kraft paper. 
e. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius 

elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are 

not available. 

E. Underground Direct-Buried Jacket: 125-mil- thick vapor barrier and waterproofing 
membrane consisting of a rubberized bituminous resin reinforced with a woven-glass 
fiber or polyester scrim and laminated aluminum foil. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Pittsburgh Corning Corporation 
b. Polyguard Products, Inc 

F. Self-Adhesive Outdoor Jacket: 60-mil- thick, laminated vapor barrier and waterproofing 
membrane for installation over insulation located aboveground outdoors; consisting of 
a rubberized bituminous resin on a cross-laminated polyethylene film covered with 
white aluminum-foil facing. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
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a. Polyguard Products, Inc. 
2. Warranty:  Minimum 10-year warranty that water will not leak directly through 

membrane as a result of deterioration of the membrane caused by ordinary wear 
and tear. 

2.12 TAPES 

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive, complying with ASTM C 1136. 
1. Width: 3 inches. 
2. Thickness: 11.5 mils. 
3. Adhesion: 90 ounces force/inch in width. 
4. Elongation: 2 percent. 
5. Tensile Strength: 40 lbf/inch in width. 
6. ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape. 

B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive; complying with ASTM C 1136. 
1. Width: 3 inches. 
2. Thickness: 6.5 mils. 
3. Adhesion: 90 ounces force/inch in width. 
4. Elongation: 2 percent. 
5. Tensile Strength: 40 lbf/inch in width. 
6. FSK Tape Disks and Squares: Precut disks or squares of FSK tape. 

C. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic 
adhesive; suitable for indoor and outdoor applications. 
1. Width: 2 inches. 
2. Thickness: 6 mils. 
3. Adhesion: 64 ounces force/inch in width. 
4. Elongation: 500 percent. 
5. Tensile Strength: 18 lbf/inch in width. 

D. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive. 
1. Width: 2 inches. 
2. Thickness: 3.7 mils. 
3. Adhesion: 58 ounces force/inch in width. 
4. Elongation: 8.5 percent. 
5. Tensile Strength: 23 lbf/inch in width. 

2.13 SECUREMENTS 

A. Bands: 
1. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 

0.015 inch thick, 1/2 inch wide with wing seal. 
2. Aluminum: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 

inch thick, 1/2 inch wide with wing seal. 

B. Insulation Pins and Hangers: 
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1. Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully annealed 
for capacitor-discharge welding, 0.106-inch diameter shank, length to suit depth 
of insulation indicated. 

2. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, 
fully annealed for capacitor-discharge welding, 0.106-inch diameter shank, length 
to suit depth of insulation indicated with integral 1-1/2-inch galvanized carbon-
steel washer. 

3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate 
welded to projecting spindle that is capable of holding insulation, of thickness 
indicated, securely in position indicated when self-locking washer is in place. 
a. Baseplate: Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 2 

inches square. 
b. Spindle: Aluminum, 0.106-inch- diameter shank, length to suit depth of 

insulation indicated. 
c. Adhesive: Recommended by hanger manufacturer. Product with 

demonstrated capability to bond insulation hanger securely to substrates 
indicated without damaging insulation, hangers, and substrates. 

4. Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate 
fastened to projecting spindle that is capable of holding insulation, of thickness 
indicated, securely in position indicated when self-locking washer is in place. 
a. Baseplate: Perforated, nylon sheet, 0.030 inch thick by 1-1/2 inches in 

diameter. 
b. Spindle: Nylon, 0.106-inch- diameter shank, length to suit depth of 

insulation indicated, up to 2-1/2 inches. 
c. Adhesive: Recommended by hanger manufacturer. Product with 

demonstrated capability to bond insulation hanger securely to substrates 
indicated without damaging insulation, hangers, and substrates. 

5. Self-Sticking-Base Insulation Hangers: Baseplate welded to projecting spindle 
that is capable of holding insulation, of thickness indicated, securely in position 
indicated when self-locking washer is in place. 
a. Baseplate: Galvanized carbon-steel sheet, 0.030 inch thick by 2 inches 

square. 
b. Spindle: Aluminum, 0.106-inch- diameter shank, length to suit depth of 

insulation indicated. 
c. Adhesive-backed base with a peel-off protective cover. 

6. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- 
thick, aluminum sheet, with beveled edge sized as required to hold insulation 
securely in place but not less than 1-1/2 inches in diameter. 
a. Protect ends with capped self-locking washers incorporating a spring steel 

insert to ensure permanent retention of cap in exposed locations. 
7. Nonmetal Insulation-Retaining Washers: Self-locking washers formed from 

0.016-inch- thick nylon sheet, with beveled edge sized as required to hold 
insulation securely in place but not less than 1-1/2 inches in diameter. 

C. Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or 
Monel. 

D. Wire: 0.062-inch soft-annealed, stainless steel. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

HVAC INSULATION 230700 - 14 

2.14 CORNER ANGLES 

A. Aluminum Corner Angles: 0.040 inch thick, minimum 1 by 1 inch, aluminum according 
to ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14. 

B. Stainless-Steel Corner Angles: 0.024 inch thick, minimum 1 by 1 inch, stainless steel 
according to ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation 
tolerances and other conditions affecting performance of insulation application. 
1. Verify that systems and equipment to be insulated have been tested and are free 

of defects. 
2. Verify that surfaces to be insulated are clean and dry. 
3. Proceed with installation only after unsatisfactory conditions have been 

corrected. 

3.2 PREPARATION 

A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials 
that will adversely affect insulation application. 
1. For exterior, above-grade piping:  Before insulating, apply a corrosion coating to 

insulated surfaces as follows: 
a. Stainless Steel: Coat 300 series stainless steel with an epoxy primer 5 mils 

thick and an epoxy finish 5 mils thick if operating in a temperature range 
between 140 and 300 deg F. Consult coating manufacturer for appropriate 
coating materials and application methods for operating temperature range. 

b. Carbon Steel: Coat carbon steel operating at a service temperature 
between 32 and 300 deg F with an epoxy coating. Consult coating 
manufacturer for appropriate coating materials and application methods for 
operating temperature range. 

B. Coordinate insulation installation with the trade installing heat tracing. Comply with 
requirements for heat tracing that apply to insulation. 

C. Mix insulating cements with clean potable water; if insulating cements are to be in 
contact with stainless-steel surfaces, use demineralized water. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even 
surfaces; free of voids throughout the length of equipment, duct and piping, including 
fittings, valves, and specialties. 
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B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses 
required for each item of pipe system as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service. 
Install accessories that do not corrode, soften, or otherwise attack insulation or jacket 
in either wet or dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and 
specialties. 

G. Keep insulation materials clean and dry during application and finishing. 

H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints 
with adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at 
hangers, supports, anchors, and other projections with vapor-barrier mastic. 
1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on 

anchor legs from point of attachment to supported item to point of attachment to 
structure. Taper and seal ends at attachment to structure with vapor-barrier 
mastic. 

3. Install insert materials and install insulation to tightly join the insert. Seal 
insulation to insulation inserts with adhesive or sealing compound recommended 
by insulation material manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation. Install 
shields over jacket, arranged to protect jacket from tear or puncture by hanger, 
support, and shield. 

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate 
and wet and dry film thicknesses. 

L. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- wide strips, of same material as 

insulation jacket. Secure strips with adhesive and outward clinching staples along 
both edges of strip, spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with 
longitudinal seams at bottom of pipe. Clean and dry surface to receive self-
sealing lap. Staple laps with outward clinching staples along edge at 2 inches 
o.c. 
a. For below-ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape, according to insulation material manufacturer's 
written instructions, to maintain vapor seal. 
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5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and 
joints and at ends adjacent to pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its 
nominal thickness. 

N. Finish installation with systems at operating conditions. Repair joint separations and 
cracking due to thermal movement. 

O. Repair damaged insulation facings by applying same facing material over damaged 
areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and 
seal patches similar to butt joints. 

P. For above-ambient services, do not install insulation to the following: 
1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
6. Cleanouts. 

3.4 PENETRATIONS 

A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof 
penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof 

surface and seal with joint sealant. For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends. Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below 
top of roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

B. Insulation Installation at Underground Exterior Wall Penetrations: Terminate insulation 
flush with sleeve seal. Seal terminations with flashing sealant. 

C. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation 
continuously through wall penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation inside wall 

surface and seal with joint sealant. For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends. Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing 
at least 2 inches. 

4. Seal jacket to wall flashing with flashing sealant. 

D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire 
Rated): Install insulation continuously through walls and partitions. 
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E. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation 
continuously through penetrations of fire-rated walls and partitions. 
1. Comply with requirements in Section 078413 "Penetration Firestopping" for 

firestopping and fire-resistive joint sealers. 

F. Insulation Installation at Floor Penetrations: 
1. Pipe: Install insulation continuously through floor penetrations. 
2. Seal penetrations through fire-rated assemblies. Comply with requirements in 

Section 078413 "Penetration Firestopping." 

3.5 GENERAL INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials except where 
more specific requirements are specified in various pipe insulation material installation 
articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 
1. Install insulation over fittings, valves, strainers, flanges, unions, and other 

specialties with continuous thermal and vapor-retarder integrity unless otherwise 
indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made 
from same material and density as adjacent pipe insulation. Each piece shall be 
butted tightly against adjoining piece and bonded with adhesive. Fill joints, 
seams, voids, and irregular surfaces with insulating cement finished to a smooth, 
hard, and uniform contour that is uniform with adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of 
same material and thickness as used for adjacent pipe. Cut sectional pipe 
insulation to fit. Butt each section closely to the next and hold in place with tie 
wire. Bond pieces with adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe. Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker. For valves, insulate up to 
and including the bonnets, valve stuffing-box studs, bolts, and nuts. Fill joints, 
seams, and irregular surfaces with insulating cement. 

5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe. Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker. Fill joints, seams, and 
irregular surfaces with insulating cement. Insulate strainers so strainer basket 
flange or plug can be easily removed and replaced without damaging the 
insulation and jacket. Provide a removable reusable insulation cover. For below-
ambient services, provide a design that maintains vapor barrier. 

6. Insulate flanges and unions using a section of oversized preformed pipe 
insulation. Overlap adjoining pipe insulation by not less than two times the 
thickness of pipe insulation, or one pipe diameter, whichever is thicker. 

7. Cover segmented insulated surfaces with a layer of finishing cement and coat 
with a mastic. Install vapor-barrier mastic for below-ambient services and a 
breather mastic for above-ambient services. Reinforce the mastic with fabric-
reinforcing mesh. Trowel the mastic to a smooth and well-shaped contour. 
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8. For services not specified to receive a field-applied jacket except for flexible 
elastomeric, install fitted PVC cover over elbows, tees, strainers, valves, flanges, 
and unions. Terminate ends with PVC end caps. Tape PVC covers to adjoining 
insulation facing using PVC tape. 

9. Stencil or label the outside insulation jacket of each union with the word "union." 
Match size and color of pipe labels. 

C. Insulate instrument connections for thermometers, pressure gages, pressure 
temperature taps, test connections, flow meters, sensors, switches, and transmitters on 
insulated pipes. Shape insulation at these connections by tapering it to and around the 
connection with insulating cement and finish with finishing cement, mastic, and flashing 
sealant. 

D. Insulate reheat coils, including exposed tubing U-bends, on concealed air terminal 
units. 

E. Install removable insulation covers at locations indicated. Installation shall conform to 
the following: 
1. Make removable flange and union insulation from sectional pipe insulation of 

same thickness as that on adjoining pipe. Install same insulation jacket as 
adjoining pipe insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend 
insulation from flanges or union long at least two times the insulation thickness 
over adjacent pipe insulation on each side of flange or union. Secure flange 
cover in place with stainless-steel or aluminum bands. Select band material 
compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges, 
except divide the two-part section on the vertical center line of valve body. 

4. When covers are made from block insulation, make two halves, each consisting 
of mitered blocks wired to stainless-steel fabric. Secure this wire frame, with its 
attached insulation, to flanges with tie wire. Extend insulation at least 2 inches 
over adjacent pipe insulation on each side of valve. Fill space between flange or 
union cover and pipe insulation with insulating cement. Finish cover assembly 
with insulating cement applied in two coats. After first coat is dry, apply and 
trowel second coat to a smooth finish. 

3.6 INSTALLATION OF CALCIUM SILICATE INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 
1. Secure single-layer insulation with stainless-steel bands at 12-inch intervals and 

tighten bands without deforming insulation materials. 
2. Install two-layer insulation with joints tightly butted and staggered at least 3 

inches. Secure inner layer with wire spaced at 12-inch intervals. Secure outer 
layer with stainless-steel bands at 12-inch intervals. 

3. Apply a skim coat of mineral-fiber, hydraulic-setting cement to insulation surface. 
When cement is dry, apply flood coat of lagging adhesive and press on one layer 
of glass cloth or tape. Overlap edges at least 1 inch. Apply finish coat of lagging 
adhesive over glass cloth or tape. Thin finish coat to achieve smooth, uniform 
finish. 
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B. Insulation Installation on Pipe Flanges: 
1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of block 
insulation of same material and thickness as pipe insulation. 

4. Finish flange insulation same as pipe insulation. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install preformed sections of same material as straight segments of pipe 

insulation when available. Secure according to manufacturer's written 
instructions. 

2. When preformed insulation sections of insulation are not available, install mitered 
sections of calcium silicate insulation. Secure insulation materials with wire or 
bands. 

3. Finish fittings insulation same as pipe insulation. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install mitered segments of calcium silicate insulation to valve body. Arrange 

insulation to permit access to packing and to allow valve operation without 
disturbing insulation. 

2. Install insulation to flanges as specified for flange insulation application. 
3. Finish valve and specialty insulation same as pipe insulation. 

E. Insulation Installation on Boiler Breechings: 
1. Secure single-layer insulation with stainless-steel bands at 12-inch intervals and 

tighten bands without deforming insulation material. 
2. Install two-layer insulation with joints tightly butted and staggered at least 3 

inches. Secure inner layer with wire spaced at 12-inch intervals. Secure outer 
layer with stainless-steel bands at 12-inch intervals. 

3. On exposed applications without metal jacket, finish insulation surface with a 
skim coat of mineral-fiber, hydraulic-setting cement. When cement is dry, apply 
flood coat of lagging adhesive and press on one layer of glass cloth. Overlap 
edges at least 1 inch. Apply finish coat of lagging adhesive over glass cloth. Thin 
finish coat to achieve smooth, uniform finish. 

3.7 INSTALLATION OF CELLULAR-GLASS INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 
1. Secure each layer of insulation to pipe with wire or bands and tighten bands 

without deforming insulation materials. 
2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 

protrusions with vapor-barrier mastic and joint sealant. 
3. For insulation with factory-applied jackets on above-ambient services, secure 

laps with outward-clinched staples at 6 inches o.c. 
4. For insulation with factory-applied jackets on below-ambient services, do not 

staple longitudinal tabs. Instead, secure tabs with additional adhesive as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic and flashing sealant. 
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B. Insulation Installation on Pipe Flanges: 
1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of cellular-
glass block insulation of same thickness as pipe insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap 
seams at least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install preformed sections of same material as straight segments of pipe 

insulation when available. Secure according to manufacturer's written 
instructions. 

2. When preformed sections of insulation are not available, install mitered sections 
of cellular-glass insulation. Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed sections of cellular-glass insulation to valve body. 
2. Arrange insulation to permit access to packing and to allow valve operation 

without disturbing insulation. 
3. Install insulation to flanges as specified for flange insulation application. 

3.8 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to 
eliminate openings in insulation that allow passage of air to surface being insulated. 

B. Insulation Installation on Pipe Flanges: 
1. Install pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of sheet 
insulation of same thickness as pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's recommended 
adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's recommended 

adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed valve covers manufactured of same material as pipe insulation 

when available. 
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2. When preformed valve covers are not available, install cut sections of pipe and 
sheet insulation to valve body. Arrange insulation to permit access to packing 
and to allow valve operation without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow passage of 
air to surface being insulated. 

E. Insulation Installation on HVAC Ducts 
1. Install insulation over entire surface of ducts. 
2. Apply 50 percent coverage of adhesive to surface with manufacturer's 

recommended adhesive. 
3. Seal longitudinal seams and end joints with manufacturer's recommended 

adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

F. Provide latex-based, UV resistant protective coating for outdoor applications. 

3.9 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 
1. Secure each layer of preformed pipe insulation to pipe with wire or bands and 

tighten bands without deforming insulation materials. 
2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 

protrusions with vapor-barrier mastic and joint sealant. 
3. For insulation with factory-applied jackets on above-ambient surfaces, secure 

laps with outward-clinched staples at 6 inches o.c. 
4. For insulation with factory-applied jackets on below-ambient surfaces, do not 

staple longitudinal tabs. Instead, secure tabs with additional adhesive as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 
1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus 

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with mineral-fiber blanket 
insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap 
seams at least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install preformed sections of same material as straight segments of pipe 

insulation when available. 
2. When preformed insulation elbows and fittings are not available, install mitered 

sections of pipe insulation, to a thickness equal to adjoining pipe insulation. 
Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 
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1. Install preformed sections of same material as straight segments of pipe 
insulation when available. 

2. When preformed sections are not available, install mitered sections of pipe 
insulation to valve body. 

3. Arrange insulation to permit access to packing and to allow valve operation 
without disturbing insulation. 

4. Install insulation to flanges as specified for flange insulation application. 

E. Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and 
insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage rates per 

unit area, for 50 percent coverage of duct and plenum surfaces. 
2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 

transitions. 
3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 

capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides 
of vertical ducts as follows: 
a. On duct sides with dimensions 18 inches and smaller, place pins along 

longitudinal centerline of duct. Space 3 inches maximum from insulation 
end joints, and 16 inches o.c. 

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches 
o.c. each way, and 3 inches maximum from insulation joints. Install 
additional pins to hold insulation tightly against surface at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums. 

d. Do not overcompress insulation during installation. 
e. Impale insulation over pins and attach speed washers. 
f. Cut excess portion of pins extending beyond speed washers or bend 

parallel with insulation surface. Cover exposed pins and washers with tape 
matching insulation facing. 

4. For ducts and plenums with surface temperatures below ambient, install a 
continuous unbroken vapor barrier. Create a facing lap for longitudinal seams 
and end joints with insulation by removing 2 inches from one edge and one end 
of insulation segment. Secure laps to adjacent insulation section with 1/2-inch 
outward-clinching staples, 1 inch o.c. Install vapor barrier consisting of factory- or 
field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, seams, 
and protrusions. 
a. Repair punctures, tears, and penetrations with tape or mastic to maintain 

vapor-barrier seal. 
b. Install vapor stops for ductwork and plenums operating below 50 deg F at 

18-foot intervals. Vapor stops shall consist of vapor-barrier mastic applied 
in a Z-shaped pattern over insulation face, along butt end of insulation, and 
over the surface. Cover insulation face and surface to be insulated a width 
equal to two times the insulation thickness, but not less than 3 inches. 

5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end 
joints. At end joints, secure with steel bands spaced a maximum of 18 inches o.c. 

6. Install insulation on rectangular duct elbows and transitions with a full insulation 
section for each surface. Install insulation on round and flat-oval duct elbows with 
individually mitered gores cut to fit the elbow. 
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7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation 
surface with 6-inch- wide strips of same material used to insulate duct. Secure on 
alternating sides of stiffener, hanger, and flange with pins spaced 6 inches o.c. 

F. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and 
insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage rates per 

unit area, for 50 percent coverage of duct and plenum surfaces. 
2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 

transitions. 
3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 

capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides 
of vertical ducts as follows: 
a. On duct sides with dimensions 18 inches and smaller, place pins along 

longitudinal centerline of duct. Space 3 inches maximum from insulation 
end joints, and 16 inches o.c. 

b. On duct sides with dimensions larger than 18 inches, space pins 16 inches 
o.c. each way, and 3 inches maximum from insulation joints. Install 
additional pins to hold insulation tightly against surface at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums. 

d. Do not overcompress insulation during installation. 
e. Cut excess portion of pins extending beyond speed washers or bend 

parallel with insulation surface. Cover exposed pins and washers with tape 
matching insulation facing. 

4. For ducts and plenums with surface temperatures below ambient, install a 
continuous unbroken vapor barrier. Create a facing lap for longitudinal seams 
and end joints with insulation by removing 2 inches from one edge and one end 
of insulation segment. Secure laps to adjacent insulation section with 1/2-inch 
outward-clinching staples, 1 inch o.c. Install vapor barrier consisting of factory- or 
field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, seams, 
and protrusions. 
a. Repair punctures, tears, and penetrations with tape or mastic to maintain 

vapor-barrier seal. 
b. Install vapor stops for ductwork and plenums operating below 50 deg F at 

18-foot intervals. Vapor stops shall consist of vapor-barrier mastic applied 
in a Z-shaped pattern over insulation face, along butt end of insulation, and 
over the surface. Cover insulation face and surface to be insulated a width 
equal to two times the insulation thickness, but not less than 3 inches. 

5. Install insulation on rectangular duct elbows and transitions with a full insulation 
section for each surface. Groove and score insulation to fit as closely as possible 
to outside and inside radius of elbows. Install insulation on round and flat-oval 
duct elbows with individually mitered gores cut to fit the elbow. 

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation 
surface with 6-inch- wide strips of same material used to insulate duct. Secure on 
alternating sides of stiffener, hanger, and flange with pins spaced 6 inches o.c. 

3.10 INSTALLATION OF POLYISOCYANURATE INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 
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1. Secure each layer of insulation to pipe with tape or bands and tighten without 
deforming insulation materials. Orient longitudinal joints between half sections in 
3- and 9-o'clock positions on the pipe. 

2. For insulation with factory-applied jackets with vapor barriers, do not staple 
longitudinal tabs. Instead, secure tabs with additional adhesive or tape as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic. 

3. All insulation shall be tightly butted and free of voids and gaps at all joints. Vapor 
barrier must be continuous. Before installing jacket material, install vapor-barrier 
system. 

B. Insulation Installation on Pipe Flanges: 
1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, same 

thickness of adjacent pipe insulation, not to exceed 1-1/2-inch thickness. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of 
polyisocyanurate block insulation of same thickness as pipe insulation. 

C. Insulation Installation on Fittings and Elbows: 
1. Install preformed sections of same material as straight segments of pipe 

insulation. Secure according to manufacturer's written instructions. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed sections of polyisocyanurate insulation to valve body. 
2. Arrange insulation to permit access to packing and to allow valve operation 

without disturbing insulation. 
3. Install insulation to flanges as specified for flange insulation application. 

E. Insulation Installation on Ducts and Plenums: 
1. Install insulation over entire surface of ducts. 
2. Apply minimum 50 percent coverage of adhesive to surface with manufacturer's 

recommended adhesive. 
3. Seal longitudinal seams and end joints with manufacturer's recommended 

adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

3.11 FIELD-APPLIED JACKET INSTALLATION 

A. Where glass-cloth jackets are indicated, install directly over bare insulation or 
insulation with factory-applied jackets. 
1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints. 
2. Embed glass cloth between two 0.062-inch- thick coats of lagging adhesive. 
3. Completely encapsulate insulation with coating, leaving no exposed insulation. 

B. Where FSK jackets are indicated, install as follows: 
1. Draw jacket material smooth and tight. 
2. Install lap or joint strips with same material as jacket. 
3. Secure jacket to insulation with manufacturer's recommended adhesive. 
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4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch- wide joint 
strips at end joints. 

5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed 
insulation with vapor-barrier mastic. 

C. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and 
end joints; for horizontal applications. Seal with manufacturer's recommended 
adhesive. 
1. Apply two continuous beads of adhesive to seams and joints, one bead under lap 

and the finish bead along seam and joint edge. 

D. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and 
end joints. Overlap longitudinal seams arranged to shed water. Seal end joints with 
weatherproof sealant recommended by insulation manufacturer. Secure jacket with 
stainless-steel bands 12 inches o.c. and at end joints. 

3.12 FIRE-RATED INSULATION SYSTEM INSTALLATION 

A. Where fire-rated insulation system is indicated, secure system to ducts and duct 
hangers and supports to maintain a continuous fire rating. 

B. Insulate duct access panels and doors to achieve same fire rating as duct. 

C. Install firestopping at penetrations through fire-rated assemblies. Fire-stop systems are 
specified in Section 078413 "Penetration Firestopping." 

3.13 FIELD QUALITY CONTROL 

A. If workmanship is of questionable quality, the contractor shall perform tests and 
inspections as directed by the Architect. 

B. Tests and Inspections: 

1. Inspect field insulated equipment, ductwork, pipe, fittings, strainers, and valves, 
randomly selected by Architect, by removing field-applied jacket and insulation in 
layers in reverse order of their installation.  

C. All insulation applications will be considered defective Work if sample inspection 
reveals noncompliance with requirements. 

3.14 INSULATION SCHEDULE, GENERAL 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are 
identified for each piping system and pipe size range. If more than one material is listed 
for a piping system, selection from materials listed is Contractor's option. 

B. HVAC Piping Items Not Insulated: Unless otherwise indicated, do not install insulation 
on the following: 
1. Drainage piping located in crawl spaces. 
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2. Underground piping. 
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury. 

C. HVAC Equipment Items Not Insulated:  Unless otherwise indicated, do not install 
insulation on equipment that is factory insulated. 

D. HVAC Ducts Items Not Insulated: Unless otherwise indicated, do not install insulation 
on the following: 
1. Fibrous-glass ducts. 
2. Metal ducts with duct liner of sufficient thickness to comply with energy code and 

ASHRAE/IESNA 90.1. 
3. Factory-insulated flexible ducts. 
4. Factory-insulated plenums and casings. 
5. Flexible connectors. 
6. Vibration-control devices. 
7. Factory-insulated access panels and doors. 

3.15 INDOOR PIPING INSULATION SCHEDULE 

A. Condensate and Equipment Drain Water below 60 Deg F: 
1. All Pipe Sizes: Insulation shall be one of the following: 

a. Flexible Elastomeric: 3/4 inch thick. 
b. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick. 

B. Chilled Water, above 40 Deg F: 
1. NPS 1-1/4 and Smaller: Insulation shall be one of the following: 

a. Flexible Elastomeric: 1 inch thick. 
b. Mineral-Fiber, Preformed Pipe, Type I: 1 inch thick. 

C. Heating-Hot-Water Supply and Return: 
1. NPS 1-1/4 and Smaller: Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe, Type I: 1-1/2 inches thick. 

D. For piping smaller than 1 1/2 inches and located in partitions within conditioned 
spaces, reduction of the scheduled thickness by 1 inch shall be permitted, but not to a 
thickness less than 1 inch. 

3.16 INDOOR DUCT AND PLENUM INSULATION SCHEDULE 

A. Concealed, supply-air and outdoor-air duct insulation shall be the following: 
1. Above Ceiling:  Mineral-Fiber Blanket: 2 inches thick and 1-lb/cu. ft. nominal 

density. 

B. Concealed, exhaust-air heat recovery duct insulation shall be the following: 
1. Above Ceiling:  Mineral-Fiber Blanket: 1 inch thick and 1-lb/cu. ft. nominal 

density. 

C. Concealed, exhaust-air duct insulation between isolation damper and penetration of 
building exterior shall be the following: 
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1. Mineral-Fiber Blanket: 2 inches thick and 1-lb/cu. ft. nominal density. 

D. Concealed, supply-air devices shall be the following: 
1. Mineral-Fiber Blanket: 1 inch thick and 1-lb/cu. ft. nominal density. 

E. Exposed, supply-air and outdoor duct insulation shall be the following (unfinished 
areas): 
1. Mineral-Fiber Board: 2 inches thick and 6-lb/cu. ft. nominal density. 

F. Exposed, return-air duct insulation shall be the following (unfinished areas): 
1. Mineral-Fiber Board: 1 inch thick and 6-lb/cu. ft. nominal density. 

G. Exposed, exhaust-air duct insulation between isolation damper and penetration of 
building exterior shall be the following: 
1. Mineral-Fiber Board: 1 inch thick and 6-lb/cu. ft. nominal density. 

3.17 INDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material. For insulation with factory-applied jacket, install 
the field-applied jacket over the factory-applied jacket. 

B. Piping, Concealed: 

1. None. 

C. Piping, Exposed: 
1. PVC, Color-Coded by System: 30 mils thick. 

D. Equipment, Concealed: 
1. None. 

E. Equipment, Exposed: 
1. None. 

F. Ducts and Plenums, Concealed: 
1. None. 

G. Ducts and Plenums, Exposed: 
1. None. 

END OF SECTION 230700 
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2DC Nw1winCpvCrimC 1dupfdCgfr1f0gfplCgawfhtdgCrisCuri,reCp1Cr,fpurfwhCupfp1CglddsC

hpif1peCsdowhdgCipfCv,1iwgtdsCymCIWYCuri,vrhf,1d1DC
JDC Nw1winCpvCdedhf1whreCg,y udfd1winCsdowhdgCv,1iwgtdsCymCIWYCuri,vrhf,1d1DC

IDC Tpif1peCBdowhdgCvp1CPigfreerfwpiCymCPigfreed1gC
9DC Bdewod1C gdedhfdsC hpif1peC sdowhdgcC gldhwvwdsC wiC wiswhrfdsC FWTC wigf1,udifrfwpiC

risChpif1peCsdowhdCYdhfwpigcCfpCwsdifwvwdsCd),wludifCrisCgmgfdugCuri,vrhf,1d1gC
vp1Cvrhfp1mCwigfreerfwpiCrisCfpCwsdifwvwdsCwigfreed1gCvp1CvwdesCwigfreerfwpiDC

RDC Bdewod1C ftdC vpeepawinC fpCs,hfC vry1whrfp1C risC wigfreed1C vp1C wigfreerfwpiC wiC s,hfap1:DC
Pihe,sdC wigfreerfwpiC wigf1,hfwpigC fpC Pigfreed1C risC g,ld1owgdC wigfreerfwpiC vp1C
hpulewrihdCawftC1d),w1dudifgDC
rDC Ww1vepaCgdigp1gcCgawfhtdgCrisCgfrfwpigCC
yDC X1dgg,1dCgdigp1gDC

2DC Bdewod1C ftdC vpeepawinC fpC le,uywinC risC FWTC lwlwinC wigfreed1gC vp1C wigfreerfwpiC wiC
lwlwinDC Pihe,sdC wigfreerfwpiC wigf1,hfwpigC fpC Pigfreed1C risC g,ld1owgdC wigfreerfwpiC vp1C
hpulewrihdCawftC1d),w1dudifgDC
rDC BBTChpif1peCoreodgC
yDC Xwld up,ifdsCgdigp1gcCgawfhtdgCrisCf1riguwffd1gDC

JDC Bdewod1C ftdC vpeepawinC fpC dedhf1whreC wigfreed1gC vp1C wigfreerfwpiDC Pihe,sdC wigfreerfwpiC
wigf1,hfwpigC fpC Pigfreed1C risC g,ld1owgdC wigfreerfwpiC vp1C hpulewrihdC awftC
1d),w1dudifgDC
rDC Sdfd1g0Y,y Sdfd1winCBdowhdgC

TDC Tpuu,iwhrfwpiCPifd1vrhdCfpCM),wludifCawftCPifdn1reCTpif1pegC
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9DC BBTCgmgfduCgtreeCtrodChpuu,iwhrfwpiCwifd1vrhdCawftCd),wludifCtrowinCwifdn1reC
hpif1pegCrisCtrowinCrChpuu,iwhrfwpiCwifd1vrhdCvp1C1dupfdCupiwfp1winCp1Chpif1peDC

RDC M),wludifCfpCIdCTpiidhfdsqC
rDC jriChpweC,iwfgC
yDC Xrh:rndsCrw1CtrisewinC,iwfChpif1peed1gC
hDC Fr1wryed v1d),dihmChpif1peed1gCC

BDC Tpuu,iwhrfwpiCPifd1vrhdCfpC-ftd1CI,weswinCYmgfdugqC
9DC BBTC gmgfduC gtreeC trodC rC hpuu,iwhrfwpiC wifd1vrhdC awftC gmgfdugC trowinC rC

hpuu,iwhrfwpiCwifd1vrhdDC
RDC YmgfdugCfpCIdCTpiidhfdsqC

rDC WhhdggChpif1pegDC
yDC jw1d rer1uCgmgfduC
hDC EwntfwinC hpif1pegDC C IWYC gtreeC hpiidhfC fpC reeC EwntfwinC Tpif1peC lridegC risC

hpifrhfp1gCvp1CewntfwinChpif1peDCCUdvd1CfpCftdCdedhf1whreCs1rawingCvp1CephrfwpiC
risC),rifwfmDC

sDC Xpad1Cupiwfp1winDC

MDC GtdChpif1peCuri,vrhf,1d1CgtreeC hppld1rfdCawftC ftdCrw1CrisCarfd1CyrerihwinCrndihmC wiC
ftdCld1vp1urihdCpvCftdw1Cap1:CrgC1d),w1dsCp1Csw1dhfdsDC

9D/C WTGP-OCY6ISPGGWEYC

WDC X1ps,hfCBrfrqCjp1CdrhtCfmldCpvCl1ps,hfCwihe,sdCftdCvpeepawinqC
9DC Tpigf1,hfwpiCsdfrwegcCurfd1wreCsdgh1wlfwpigcCswudigwpigCpvC wiswows,reChpulpidifgC

risCl1pvwedgcCrisCvwiwgtdgDC
RDC -ld1rfwinC htr1rhfd1wgfwhgcC dedhf1whreC htr1rhfd1wgfwhgcC risC v,1iwgtdsC rhhdggp1wdgC

wiswhrfwinC l1phdggC pld1rfwinC 1rindcC rhh,1rhmC pod1C 1rindcC hpif1peC gwnireC pod1C
1rindcCsdvr,efChpif1peCgwnireCawftCepggCpvClpad1cChrewy1rfwpiCsrfrCgldhwvwhCfpCdrhtC
,iw),dC rllewhrfwpicC dedhf1whreC lpad1C 1d),w1dudifgcC risC ewuwfrfwpigC pvC ruywdifC
pld1rfwinCdiow1piudifcCwihe,swinCfduld1rf,1dCrisCt,uwswfmDC

2DC X1ps,hfC sdgh1wlfwpiC awftC hpuledfdC fdhtiwhreC srfrcC ld1vp1urihdC h,1odgcC risC
l1ps,hfCgldhwvwhrfwpiCgtddfgDC

JDC PigfreerfwpicC pld1rfwpiC risC urwifdirihdC wigf1,hfwpigC wihe,swinC vrhfp1gC dvvdhfwinC
ld1vp1urihdDC

.DC IweeCpvCurfd1wregCpvCwiswhrfwinC),rifwfmcCuri,vrhf,1d1cCrisCd’fdisdsCupsdeCi,uyd1C
vp1CdrhtC,iw),dCl1ps,hfDC
rDC HrfdarmgDC
yDC Up,fd1gDC
hDC BBTChpif1peed1gDC
sDC Mihepg,1dgDC
dDC Medhf1whreClpad1CsdowhdgDC
vDC 6XYC,iwfgDC
nDC Whhdggp1wdgDC
tDC Pigf1,udifgDC
wDC Tpif1peCsruld1Crhf,rfp1gDC
xDC Tpif1peCoreodgCrisCrhf,rfp1gDC

/DC NtdiCuri,vrhf,1d1KgCl1ps,hfCsrfrgtddfgCrllemCfpCrCl1ps,hfCgd1wdgC1rftd1CftriCrC
gldhwvwhCl1ps,hfCupsdecChedr1emCwiswhrfdCrisCtwntewntfCpiemCrllewhryedCwivp1urfwpiDC
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'DC MrhtC g,yuwffdsC lwdhdC pvC l1ps,hfC ewfd1rf,1dC gtreeC hedr1emC h1pggC 1dvd1dihdC
gldhwvwhrfwpiCrisCs1rawingCftrfCg,yuwffreCwgCfpChpod1DC

IDC YtplCB1rawingqC
9DC Hdid1reCUd),w1dudifgqC

rDC Pihe,sdC hpod1C s1rawinC awftC X1pxdhfC irudcC ephrfwpicC -aid1cC W1htwfdhfcC
Tpif1rhfp1CrisCwgg,dCsrfdCawftCdrhtCYtplCB1rawingCg,yuwggwpiDC

yDC Pihe,sdC rC s1rawinC wisd’C gtddfC ewgfwinC drhtC s1rawinC i,uyd1C risC fwfedC ftrfC
urfhtdgCwivp1urfwpiCwiCdrhtCfwfedCyeph:DC

hDC B1rawingCYw7dqC99’9'DC
RDC Pihe,sdClerigcCdedorfwpigcCgdhfwpigcCrisCup,ifwinCsdfrwegCatd1dCrllewhryedDC
2DC Pihe,sdC sdfrwegC pvC l1ps,hfC rggduyewdgDC PiswhrfdC swudigwpigcC adwntfgcC eprsgcC

1d),w1dsC hedr1rihdgcC udftpsC pvC vwdesC rggduyemcC hpulpidifgcC risC ephrfwpiC risC
gw7dCpvCdrhtCvwdesChpiidhfwpiDC

JDC BdfrweCudrigCpvCowy1rfwpiCwgperfwpiCrisCgtpaCrffrhtudifgCfpC1pfrfwinCd),wludifDC
.DC XeriCB1rawingCwiswhrfwinCftdCvpeepawinqC

rDC Yh1ddidsC yrh:n1p,isgC pvC areegcC gf1,hf,1reC n1wsC ewidgcC FWTC d),wludifcC
s,hfap1:CrisClwlwinDC

yDC UppuC irudgC risC i,uyd1gC awftC hpp1swirfdsC lerhdudifC fpC ropwsC
wifd1vd1dihdCawftChpif1peCl1ps,hfgCwiswhrfdsDC

hDC MrhtCsdg:fplCap1:gfrfwpicCgd1od1cCnrfdarmcC1p,fd1cCBBTChpif1peed1cChpif1peC
lrideC wigf1,udifC hpiidhfwinC fpC BBTC hpif1peed1cC risC sruld1C risC oreodC
hpiidhfwinCfpCBBTChpif1peed1cCwvCwihe,sdsCwiCX1pxdhfDC

sDC M’rhfC lerhdudifC pvC l1ps,hfgC wiC 1ppugcC s,hfgcC risC lwlwinC fpC 1dvedhfC
l1plpgdsCwigfreedsChpiswfwpiDC

dDC Odfap1:Chpuu,iwhrfwpiChryedCrisC1rhdarmC1p,fwinDC
vDC Pivp1urfwpicCs1raiCfpCghredcCpvCz¼”9k 5¼DC
nDC X1plpgdsC 1p,fwinCpvCaw1wincC hryewincC hpis,wfcC risC f,ywincChpp1swirfdsCawftC

y,weswinCgd1owhdgCvp1C1dowdaCydvp1dCwigfreerfwpiDC
/DC YhtdurfwhCs1rawingCvp1CdrhtChpif1peedsCFWTCgmgfduCwiswhrfwinCftdCvpeepawinqC

rDC P0-C lpwifgC erydedsC awftC lpwifC irudgC gtpaiDC PiswhrfdC wigf1,udifC 1rindcC
ip1ureCpld1rfwinCgdfClpwifgcCrisCrer1uCgdfClpwifgDC PiswhrfdC vrweClpgwfwpiCpvC
drhtCsruld1CrisCoreodcCwvCwihe,sdsCwiCX1pxdhfDC

yDC P0-CewgfdsCwiCfryedCvp1urfCgtpawinClpwifCirudcCfmldCpvCsdowhdcCuri,vrhf,1d1cC
upsdeCi,uyd1cCrisCh1pgg 1dvd1dihdCfpCl1ps,hfCsrfrCgtddfCi,uyd1DC

hDC WC n1rltwhC gtpawinC ephrfwpiC pvC hpif1peC P0-C wiC l1pld1C 1derfwpigtwlC fpCFWTC
gmgfduDC

sDC Nw1winC swrn1ruC awftC drhtC P0-C lpwifC trowinC rC ,iw),dC wsdifwvwhrfwpiC risC
wiswhrfwinCerydegCvp1CreeCaw1winCfd1uwiregDC

dDC 6iw),dC wsdifwvwhrfwpiC pvC drhtC P0-C ftrfC gtreeC ydC hpigwgfdifemC ,gdsC ydfaddiC
swvvd1difCs1rawingCgtpawinCgrudClpwifDC

vDC Medudifr1mCaw1winCswrn1rugCpvChpif1pegCvp1CFWTCd),wludifCupfp1Chw1h,wfgC
wihe,swinCwifd1eph:gcCgawfhtdgcC1dermgCrisCwifd1vrhdCfpCBBTChpif1peed1gDC

nDC Or11rfwodCgd),dihdCpvCpld1rfwpiDC
tDC H1rltwhC gd),dihdC pvC pld1rfwpicC gtpawinC reeC wil,fgC risC p,fl,fC epnwhreC

yeph:gDC
'DC Tpif1peClrideCs1rawingCwiswhrfwinCftdCvpeepawinqC

rDC XrideC swudigwpigcC urfd1wregcC gw7dcC risC ephrfwpiC pvC vwdesC hryedcC 1rhdarmgcC
risCf,ywinChpiidhfwpigDC
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yDC Pifd1wp1C g,ylrideC ermp,fcC s1raiC fpC ghredC risC gtpawinC reeC wifd1ireC
hpulpidifgcChryewinCrisCaw1winC1rhdarmgcCirudlerfdgCrisCreephrfdsCglr1dC
glrhdDC

hDC j1pifcC1dr1cCrisCgwsdCdedorfwpigCrisCirudlerfdCedndisDC
sDC 6iw),dCs1rawinCvp1CdrhtClrideDC

=DC BBTCgmgfduCidfap1:C1wgd1Cswrn1ruCwiswhrfwinCftdCvpeepawinqC
rDC MrhtCsdowhdChpiidhfdsCfpCidfap1:CawftC,iw),dCwsdifwvwhrfwpiCvp1CdrhtDC
yDC Pifd1hpiidhfwpiCpvCdrhtCswvvd1difCidfap1:CwiCBBTCgmgfduDC
hDC jp1C drhtC idfap1:cC wiswhrfdC hpuu,iwhrfwpiC l1pfphpecC glddsC risC ltmgwhreC

udrigCpvC wifd1hpiidhfwinCidfap1:CsdowhdgcCg,htCrgChplld1ChryedC fmldcCp1C
plfwhreCvwyd1ChryedCfmldDCPiswhrfdC1rhdarmCfmldCrisCgw7dCvp1CdrhtDC

sDC MrhtCidfap1:Clp1fC vp1ChpiidhfwpiCpvCriCpld1rfp1Cap1:gfrfwpiCp1Cpftd1C fmldC
pvCpld1rfp1Cwifd1vrhdCawftC,iw),dCwsdifwvwhrfwpiCvp1CdrhtDC

3DC BBTCgmgfduCdedhf1whreClpad1C1wgd1Cswrn1ruCwiswhrfwinCftdCvpeepawinqC
rDC MrhtC l1ps,hfC 1d),w1winC lpad1C awftC rggphwrfdsC 1d),w1dudifgC

bopefg0ltrgd00td1f70ruld1dg0hpiidhfwpiCfmld(CewgfdsCvp1CdrhtDC
95DC Spiwfp1winCrisChpif1peCgwnireCswrn1rugCwiswhrfwinCftdCvpeepawinqC

rDC Tpif1peCgwnireChryedCrisCaw1winCydfaddiChpif1peed1gCrisCP0-DC
yDC Xpwif fp lpwifCghtdurfwhCaw1winCswrn1rugCvp1CdrhtCl1ps,hfDC
hDC Tpif1peCgwnireCf,ywinCfpCgdigp1gcCgawfhtdgCrisCf1riguwffd1gDC
sDC X1phdggCgwnireCf,ywinCfpCgdigp1gcCgawfhtdgCrisCf1riguwffd1gDC

99DC Tpep1Cn1rltwhgCwiswhrfwinCftdCvpeepawinqC
rDC Pfduw7dsCewgfCpvChpep1Cn1rltwhCswglermgCfpCydCl1powsdsDC
yDC jp1CdrhtCswglermCgh1ddiCfpCydCl1powsdscCrCf1,dChpep1ChplmCgtpawinCermp,fCpvC

lwhf,1dgcCn1rltwhgCrisCsrfrCswglermdsDC
hDC PifdisdsCpld1rfp1CrhhdggCydfaddiC1derfdsCtwd1r1htwhreCswglermCgh1ddigDC

TDC YmgfduCBdgh1wlfwpiqC
9DC j,eeC sdgh1wlfwpiC pvC BBTC gmgfduC r1htwfdhf,1dcC idfap1:C hpivwn,1rfwpicC pld1rfp1C

wifd1vrhdgCrisCld1wltd1regcCgd1od1gcChpif1peed1C fmldgCrisCrllewhrfwpigcCnrfdarmgcC
1p,fd1gCrisCpftd1Cidfap1:CsdowhdgcCrisClpad1Cg,llewdgDC

RDC TpuledfdC ewgfwinC risC sdgh1wlfwpiC pvC drhtC 1dlp1fcC epnC risC f1disC vp1C vp1urfC risC
fwuwinCrisCdodifgCatwhtCwiwfwrfdCndid1rfwpiDC

2DC YmgfduC risC l1ps,hfC pld1rfwpiC ,isd1C drhtC lpfdifwreC vrwe,1dC hpiswfwpiC wihe,swincC
y,fCipfCewuwfdsCfpcCftdCvpeepawinqC
rDC EpggCpvClpad1DC
yDC EpggCpvCidfap1:Chpuu,iwhrfwpiCgwnireDC
hDC EpggCpvChpif1peed1CgwniregCfpCwil,fgCrisCp,flpwifgDC
sDC -ld1rfp1Cap1:gfrfwpiCvrwe,1dDC
dDC Yd1od1Cvrwe,1dDC
vDC HrfdarmCvrwe,1dDC
nDC Odfap1:Cvrwe,1dC
tDC Tpif1peed1Cvrwe,1dDC
wDC Pigf1,udifCvrwe,1dDC
xDC Tpif1peCsruld1CrisCoreodCrhf,rfp1Cvrwe,1dDC

JDC TpuledfdCywyewpn1rltmCpvCsph,udifrfwpiCrisCudswrCfpCydCsdewod1dsCfpC-aid1DC
.DC Bdgh1wlfwpiCpvCfdgfwinClerigCrisCl1phds,1dgDC
/DC Bdgh1wlfwpiCpvC-aid1Cf1rwiwinDC
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9D'C TE-YM-6GCY6ISPGGWEYC

WDC -ld1rfwpiCrisCSrwifdirihdCBrfrqCjp1CBBTCgmgfduCfpCwihe,sdCwiCdud1ndihmcCpld1rfwpiC
risCurwifdirihdCuri,regDC
9DC PiC rsswfwpiC fpC wfdugC gldhwvwdsC wiC YdhfwpiC 59'=R2C V-ld1rfwpiC risC SrwifdirihdC

BrfrcVCwihe,sdCftdCvpeepawinqC
rDC X1pxdhfCUdhp1sCB1rawingC pvC rg y,wefC od1gwpigC pvC g,yuwffreC YtplCB1rawingC

l1powsdsCwiCdedhf1piwhCXBjCvp1urfDC
yDC GdgfwinC risC hpuuwggwpiwinC 1dlp1fgC risC htdh:ewgfgC pvC hpuledfdsC vwireC

od1gwpigCpvC1dlp1fgcChtdh:ewgfgcCrisCf1disCepngDC
hDC Wg y,wefCod1gwpigCpvCg,yuwffreCX1ps,hfCBrfrDC
sDC OrudgcC rss1dggdgcC d urweC rss1dggdgC risC RJ tp,1C fdedltpidC i,uyd1gC pvC

Pigfreed1CrisCgd1owhdC1dl1dgdifrfwodgCvp1CBBTCgmgfduCrisCl1ps,hfgDC
dDC -ld1rfp1KgCuri,reCawftCl1phds,1dgCvp1Cpld1rfwinChpif1peCgmgfdugCwihe,swinC

epnnwinCpiCrisCpvvcCtrisewinCrer1ugcCl1ps,hwinClpwifC1dlp1fgcCf1diswinCsrfrcC
pod11wswinChpul,fd1Chpif1peCrisChtrinwinCgdfClpwifgCrisCor1wryedgDC

vDC X1pn1ruuwinC uri,regC awftC sdgh1wlfwpiC pvC l1pn1ruuwinC erin,rndC risC
gmifr’cC pvC gfrfdudifgC vp1C renp1wftugC risC hreh,erfwpigC ,gdscC pvC lpwifC
srfryrgdCh1drfwpiCrisCupswvwhrfwpicCpvCl1pn1ruCh1drfwpiCrisCupswvwhrfwpicC
risCpvCdswfp1C,gdDC

nDC Minwidd1wincCwigfreerfwpicCrisCurwifdirihdCuri,regCftrfCd’lerwiCtpaCfpqC
9(C BdgwniCrisCwigfreeCidaClpwifgcClridegcCrisCpftd1Ctr1sar1dDC
R(C Xd1vp1uCl1dodifwodCurwifdirihdCrisChrewy1rfwpiDC
2(C Bdy,nCtr1sar1dCl1pyedugDC
J(C Udlrw1Cp1C1dlerhdCtr1sar1dDC

tDC Bph,udifrfwpiC pvC reeC l1pn1rugC h1drfdsC ,gwinC h,gfpuC l1pn1ruuwinC
erin,rndCwihe,swinCgdfClpwifgcCf,iwinClr1rudfd1gcCrisCpyxdhfCsrfryrgdDC

wDC Irh:,lChplmCpvCn1rltwhCvwedgcCl1pn1rugcCrisCsrfryrgdCpiCdedhf1piwhCudswrC
g,htCrgCswnwfreCudswrDC

xDC EwgfCpvC1dhpuudisdsCglr1dClr1fgCawftClr1fCi,uyd1gCrisCg,llewd1gDC
:DC TpuledfdC p1wnwire wgg,dC sph,udifrfwpicC wigfreerfwpicC risC urwifdirihdC

wivp1urfwpiC vp1C v,1iwgtdsC ftw1s lr1fmC tr1sar1dC wihe,swinC hpul,fd1C
d),wludifCrisCgdigp1gDC

eDC TpuledfdC p1wnwire wgg,dC hplwdgC pvC v,1iwgtdsC gpvfar1dcC wihe,swinC pld1rfwinC
gmgfdugcC h,gfpuC l1pn1ruuwinC erin,rndcC pld1rfp1C ap1:gfrfwpiC gpvfar1dcC
risCn1rltwhgCgpvfar1dDC

uDC EwhdigdgcCn,r1rifddgcCrisCar11rifmCsph,udifgDC
iDC UdhpuudisdsC l1dodifwodC urwifdirihdC l1phds,1dgC vp1C gmgfduC

hpulpidifgcCwihe,swinCghtds,edCpvCfrg:gCg,htCrgCwigldhfwpicChedriwincCrisC
hrewy1rfwpi8CfwudCydfaddiCfrg:g8CrisCfrg:Csdgh1wlfwpigDC

pDC -aid1Cf1rwiwinCurfd1wregDC

9D=C 46WEPGACWYY6UWOTMC

WDC GtdC IWYC gmgfduC gtreeC ydC sdgwnidsC risC wigfreedscC hpuuwggwpidsC risC gd1owhdsC ymC
uri,vrhf,1d1CdulepmdscCvrhfp1mCf1rwidsCld1gpiideDCSri,vrhf,1d1CgtreeCtrodCriCwi lerhdC
g,llp1fCvrhwewfmCawftwiCR5CuwedgCpvCftdCgwfdCawftCfdhtiwhreCgfrvvcCglr1dClr1fgCwiodifp1mCrisC
idhdggr1mCfdgfCrisCswrnipgfwhCd),wludifDCC
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IDC GtdC uri,vrhf,1d1C gtreeC l1powsdC pigwfdcC d’ld1wdihdsC l1pxdhfC urirnd1C vp1C ftwgC ap1:cC
1dglpigwyedC vp1C sw1dhfC g,ld1owgwpiC pvC ftdC sdgwnicC wigfreerfwpicC gfr1fC ,lC risC
hpuuwggwpiwinCpvCftdCIWYDC

TDC GtdC Iwssd1C gtreeC ydC 1dn,er1emC dinrndsC wiC ftdC uri,vrhf,1wincC wigfreerfwpiC risC
urwifdirihdC pvC IWYC gmgfdugC risC gtreeC trodC rC uwiwu,uC pvC fdiC b95(C mdr1gC pvC
sdupigf1rfdsC fdhtiwhreCd’ld1fwgdCrisCd’ld1wdihdC wiC ftdCuri,vrhf,1dcC wigfreerfwpiCrisC
urwifdirihdCpvCIWYCgmgfdugCgwuwer1CwiCgw7dCrisChpuled’wfmCfpCftwgCl1pxdhfDCC

BDC Srfd1wregCrisCd),wludifCgtreeCydC ftdChrfrepn,dsCl1ps,hfgCpvCuri,vrhf,1d1gC 1dn,er1emC
dinrndsC wiCl1ps,hfwpiCrisC wigfreerfwpiCpvCr,fpurfwhC fduld1rf,1dChpif1peCgmgfdugCrisC
gtreeC ydC uri,vrhf,1d1KgC erfdgfC gfrisr1sC sdgwniC ftrfC hpulewdgC awftC ftdC gldhwvwhrfwpiC
1d),w1dudifgDC

MDC GtwgCgmgfduCgtreeCtrodCrCsph,udifdsCtwgfp1mCpvChpulrfwywewfmCymCsdgwniCvp1CrCuwiwu,uC
pvC 9.C mdr1gDC j,f,1dC hpulrfwywewfmC gtreeC ydC g,llp1fdsC vp1C ipC edggC ftriC 95C mdr1gDC
TpulrfwywewfmCgtreeCydCsdvwidsCrgCftdCrywewfmC fpC,ln1rsdCd’wgfwinC vwdesClridegC fpCh,11difC
edodeCpvCfdhtipepnmCrisCd’fdisCidaCvwdesClridegCpiCrCl1dowp,gemCwigfreedsCidfap1:DC

9D3C XMUj-USWOTMCUM46PUMSMOGYC

WDC TpulemCawftCftdCvpeepawinCld1vp1urihdC1d),w1dudifgqC
9DC H1rltwhCBwglermqC CBwglermCn1rltwhCawftCuwiwu,uCR5CsmiruwhClpwifgCawftCh,11difC

srfrCawftwiC95CgdhpisgDC
RDC H1rltwhCUdv1dgtqCC6lsrfdCn1rltwhCawftCuwiwu,uCR5CsmiruwhClpwifgCawftCh,11difC

srfrCawftwiC=CgdhpisgDC
2DC -yxdhfC TpuurisqC C UdrhfwpiC fwudC pvC edggC ftriC fapC gdhpisgC ydfaddiC pld1rfp1C

hpuurisCpvCrCywir1mCpyxdhfCrisCsdowhdC1drhfwpiDC
JDC -yxdhfCYhriqCCG1riguwfChtrindCpvCgfrfdCrisChtrindCpvCrirepnCore,dgCfpChpif1peC

,iwfgCp1Cap1:gfrfwpiCawftwiCgw’CgdhpisgDC
.DC Wer1uC UdglpigdC GwudqC C Wii,ihwrfdC rer1uC rfC ap1:gfrfwpiC awftwiC J.C gdhpisgDCC

S,efwledCap1:gfrfwpigCu,gfC1dhdwodCrer1ugCawftwiCvwodCgdhpisgCpvCdrhtCpftd1DC
/DC X1pn1ruCM’dh,fwpiC j1d),dihmqC C U,iC hrlrywewfmC pvC rllewhrfwpigC rgC pvfdiC rgC vwodC

gdhpisgCy,fCgdedhfdsChpigwgfdifCawftCudhtriwhreCl1phdggC,isd1Chpif1peDC
'DC Xd1vp1urihdqC CX1pn1ruuryedC hpif1peed1gC gtreeC d’dh,fdCBBTCXPBChpif1peC epplgcC

risCghriCrisC,lsrfdCl1phdggCore,dgCrisCp,fl,fgCrfCedrgfCpihdCld1CgdhpisDC
=DC Udlp1fwinC Whh,1rhmC risC YfrywewfmC pvC Tpif1peqC C Udlp1fC ore,dgC risC urwifrwiC

udrg,1dsCor1wryedgCawftwiCfped1rihdgCrgCvpeepagqC
rDC Nrfd1CGduld1rf,1dqCCXe,gCp1Cuwi,gC9CsdnCjDC
yDC Nrfd1CjepaqCCXe,gCp1Cuwi,gCRCld1hdifCpvCv,eeCghredDC
hDC Nrfd1CX1dgg,1dqCCXe,gCp1Cuwi,gCRCld1hdifCpvCv,eeCghredDC
sDC YlrhdCGduld1rf,1dqCCXe,gCp1Cuwi,gC9CsdnCjDC
dDC B,hfdsCWw1CGduld1rf,1dqCCXe,gCp1Cuwi,gC9CsdnCjDC
vDC -,fgwsdCWw1CGduld1rf,1dqCCXe,gCp1Cuwi,gCRCsdnCjDC
nDC BdaCXpwifCGduld1rf,1dqCCXe,gCp1Cuwi,gC2CsdnCjDC
tDC Gduld1rf,1dCBwvvd1difwreqCCXe,gCp1Cuwi,gC5DR.CsdnCjDC
wDC UderfwodC,uwswfmqCCXe,gCp1Cuwi,gC.Cld1hdifDC
xDC Ww1vepaCbX1dgg,1w7dsCYlrhdg(qCCXe,gCp1Cuwi,gC2Cld1hdifCpvCv,eeCghredDC
:DC Ww1vepaCbSdrg,1winCYfrfwpig(qCCXe,gCp1Cuwi,gC.Cld1hdifCpvCv,eeCghredDC
eDC Ww1CX1dgg,1dCbYlrhd(qCCXe,gCp1Cuwi,gC5D59 wihtCanDC
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uDC Ww1CX1dgg,1dCbB,hfg(qCCXe,gCp1Cuwi,gC5D9 wihtCanDC
iDC Tr1ypiCBwp’wsdqCCXe,gCp1Cuwi,gC.5ClluDC
pDC Medhf1whreqCCXe,gCp1Cuwi,gC.Cld1hdifCpvC1drswinDC

IDC Y,1vrhd I,1iwinCTtr1rhfd1wgfwhgqCX1ps,hfgCwigfreedsCwiCs,hfgcCd),wludifcCrisC1df,1i rw1C
lrftgC gtreeC hpulemC awftC WYGSC MC =J8C fdgfwinC ymC rC ),rewvwdsC fdgfwinC rndihmDC PsdifwvmC
l1ps,hfgCawftCrll1pl1wrfdCur1:wingCpvCrllewhryedCfdgfwinCrndihmDC
9DC jerud Yl1drsCPisd’qCR.Cp1CedggDC
RDC Yup:d BdodepldsCPisd’qC.5Cp1CedggDC

9D95C NWUUWOGAC

WDC Sri,vrhf,1d1KgC Nr11rifmqC Sri,vrhf,1d1C risC Pigfreed1C rn1ddC fpC 1dlrw1C p1C 1dlerhdC
l1ps,hfgCftrfCvrweCwiCurfd1wregCp1Cap1:urigtwlCawftwiCgldhwvwdsCar11rifmCld1wpsDC
9DC jrwe,1dgCgtreeCydCrsx,gfdscC1dlrw1dscCp1C1dlerhdsCrfCipCrsswfwpireChpgfCp1C1ds,hfwpiC

wiCgd1owhdCfpC-aid1DC
RDC Pihe,sdC ,lsrfdgC p1C ,ln1rsdgC fpC gpvfar1dC risC vw1uar1dC wvC idhdggr1mC fpC 1dgpeodC

sdvwhwdihwdgDC
rDC PigfreeC,lsrfdgCpiemCrvfd1C1dhdwowinC-aid1KgCa1wffdiCr,ftp1w7rfwpiDC

2DC Nr11rifmCgd1owhdCgtreeCphh,1Cs,1winCip1ureCy,gwidggCtp,1gCrisChpuudihdCawftwiC
RJCtp,1gCpvC-aid1KgCar11rifmCgd1owhdC1d),dgfDC

JDC Nr11rifmCXd1wpsqCj1puCsrfdCpvCY,ygfrifwreCTpuledfwpiDC
rDC -id mdr1Clr1fgCrisCeryp1DC
yDC Gt1dd mdr1Clr1fgDC
hDC jp1CHrfdarmqC-id mdr1Clr1fgCrisCeryp1Car11rifmCvp1CdrhtDCC

IDC GtdCpi ewidC g,llp1fC gd1owhdgC gtreeC reepaC ftdC ephreCIWYCg,yhpif1rhfp1C fpCswreC p,fC pod1C
fdedltpidC ewidgC fpCupiwfp1CrisChpif1peC ftdC vrhwewfmKgCy,weswinCr,fpurfwpiCgmgfduDC CGtwgC
1dupfdChpiidhfwpiCfpCftdCvrhwewfmCgtreeCydCawftwiCRCtp,1gCpvCftdCfwudCftrfCftdCl1pyeduCwgC
1dlp1fdsDC C GtwgC hpod1rndC gtreeC ydC d’fdisdsC fpC wihe,sdC ip1ureC y,gwidggC tp,1gcC rvfd1C
y,gwidggCtp,1gcCadd:disgCrisCtpewsrmgDC

9D99C PBMOGPjPTWGP-OC

WDC PsdifwvmC hpif1peC aw1dgC awftC rC swgfwihfwodC i,uyd1C piC rC ipihpis,hfwinC frnC rffrhtdsC fpC
drhtCdisCp1CrfC x,ihfwpiClpwifgCp1CymChpep1ChpswinCpvC ftrfCaw1dCp1C f,ydDC CBdgwnirfdCpiC
hpif1peC swrn1ruC ftdC wsdifwvmwinC hpep1C ris0p1C i,uyd1C p1C pftd1C wsdifwvmwinC sdgwnirfwpiC
,gdsDC

IDC PsdifwvmC reeC hpif1peC d),wludifC risC sdowhdgcC wihe,swinC lridegcC hpif1peed1gcC oreodgcC risC
r,fpurfwhC sruld1gcC vw1dgfrfgcC dfhDcC ymC rC udftpsC rll1podsC ymC ftdC W1htwfdhfDC
BdgwnirfwpigCgtreeCurfhtCftpgdC,gdsCpiChpif1peCswrn1rugCrisCgtplCs1rawingDC
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XWUGCRC CXU-B6TGYC

RD9C SWO6jWTG6UMUC

WDC Sri,vrhf,1d1gqC CY,yxdhfC fpChpulewrihdCawftC1d),w1dudifgcCl1powsdCl1ps,hfgCymCpidCpvC
ftdCvpeepawinqC
9DC W,fpurfdsCEpnwhCTp1lp1rfwpiC
RDC pvvuriCI,weswinCGdhtipepnwdgC
2DC "ptigpiCTpif1pegCPihDCbSdfrgmg(DC
JDC YwdudigCI,weswinCGdhtipepnwdgcCPihDCC
.DC G1ridCC

IDC YmgfduC u,gfC d’fdisC risC hpiidhfC fpC ftdC d’wgfwinC YwdudigC idfap1:C hpif1peC gmgfdugC
wigfreedsCwiCHGTCTrul,gDC

RDRC HMOMUWECBMYTUPXGP-OC

WDC GtdCI,weswinCW,fpurfwpiCYmgfduC bIWY(C gtreeC ,gdCriCpldiCr1htwfdhf,1dDC CGtdCgmgfduC
gtreeC ydC sdgwnidsC vp1C ,gdC piC ftdC Pifd1idfcC p1C wif1ridfgC ,gwinC pvvC ftdC gtdevcC wis,gf1mC
gfrisr1sCfdhtipepnmChpulrfwyedCawftCpftd1Cpaid1Cl1powsdsCidfap1:gDC

IDC GtdCI,weswinCW,fpurfwpiCgtreeChpigwgfCpvCftdCvpeepawinqC
9DC YfrisrepidCOdfap1:CTpif1peCMinwidCbOTM(C
RDC jwdesCM),wludifCTpif1peed1bg(CC
2DC Pil,f0-,fl,fCSps,edbg(C
JDC EphreCBwglermCBdowhdbg(C
.DC Bwgf1wy,fdsC6gd1CPifd1vrhdbg(C
/DC Odfap1:Cl1phdggwincCsrfrCgfp1rndCrisChpuu,iwhrfwpigCd),wludifC
'DC -ftd1ChpulpidifgC1d),w1dsCvp1CrChpuledfdCrisCap1:winCIWYC

TDC GtdCgmgfduCgtreeCydCups,er1CwiCirf,1dCrisCgtreeCld1uwfCd’lrigwpiCpvCypftChrlrhwfmCrisC
v,ihfwpirewfmC ft1p,ntC ftdC rsswfwpiC pvC gdigp1gcC rhf,rfp1gcC hpif1peed1gC risC pld1rfp1C
sdowhdgcCatwedC1d ,gwinCd’wgfwinChpif1pegCd),wludifDC

BDC YmgfduC r1htwfdhf,1reC sdgwniC gtreeC dewuwirfdC sdldisdihdC ,lpiC rimC gwinedC sdowhdC vp1C
rer1uC1dlp1fwinCrisChpif1peCd’dh,fwpiDCCGtdCvrwe,1dCpvCrimCgwinedChpulpidifCp1Cidfap1:C
hpiidhfwpiC gtreeC ipfC wifd11,lfC ftdC d’dh,fwpiC pvC hpif1peC gf1rfdnwdgC rfC pftd1C pld1rfwpireC
sdowhdgDC

RD2C IWYCWUTPGMTG6UMCC

WDC W,fpurfwpiCOdfap1:C
9DC GtdC IWYC gtreeC idfap1:C u,efwledC ,gd1C wifd1vrhdC hewdifgcC r,fpurfwpiC dinwidgcC

gmgfduChpif1peed1gCrisCrllewhrfwpi gldhwvwhChpif1peed1gDC6fwew7dCd’wgfwinCrllewhrfwpiC
risCsrfrCgd1od1CrgC1d),w1dsCvp1CgmgfdugCpld1rfwpiDC

RDC GtdCr,fpurfwpiCidfap1:CgtreeCydChrlryedCpvCpld1rfwinCrfCrChpuu,iwhrfwpiCglddsC
pvC955CSylgcCawftCv,eeCldd1 fp ldd1Cidfap1:Chpuu,iwhrfwpiDCC

2DC Odfap1:CTpif1peCMinwidCbOTM(CgtreeC1dgwsdCpiCftdCr,fpurfwpiCidfap1:DC
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JDC GtdC r,fpurfwpiC idfap1:C aweeC ydC hpulrfwyedC awftC pftd1C hrul,g awsdC idfap1:gDC
Ntd1dC wiswhrfdscC ftdC r,fpurfwpiC idfap1:C gtreeC ydC hpiidhfdsC fpC ftdC hrul,gC
idfap1:CrisCgtr1dC1dgp,1hdgCawftCwfCymCarmCpvCgfrisr1sCidfap1:winCsdowhdgCrisC
l1rhfwhdgDCCC

IDC Tpif1peCOdfap1:C
9DC Odfap1:CTpif1peCMinwidCbOTM(CgtreeCl1powsdCg,ld1owgp1mChpif1peCpod1CftdChpif1peC

idfap1:DC
RDC Tpif1peC idfap1:gC gtreeC l1powsdC dwftd1C ;Xdd1 fp Xdd1c¼C Srgfd1 YerodcC p1C

Y,ld1owgdsC Gp:diC XrggwinC hpuu,iwhrfwpigcC risC gtreeC pld1rfdC rfC rC uwiwu,uC
hpuu,iwhrfwpiCglddsCpvC2=cJ55Cyr,sDC

2DC BBTCTpif1peed1gCgtreeC1dgwsdCpiCftdChpif1peCidfap1:C
JDC Nw1dedggC hpuu,iwhrfwpiC ydfaddiC BBTC hpif1peed1gC wgC rhhdlfryedDC WeeC gdigp1gC

gtreeCydCaw1dsDC

TDC BdswhrfdsCNdyCIrgdsC6gd1CPifd1vrhdCC
9DC GtdCIWYCTpif1rhfp1CgtreeCl1powsdCrisCwigfreeCrCld1gpireChpul,fd1Cvp1ChpuurisC

dif1mcC wivp1urfwpiC urirndudifcC idfap1:C rer1uC urirndudifcC risC srfryrgdC
urirndudifCv,ihfwpigDCUdre fwudChpif1peCv,ihfwpigcCwihe,swinCghtds,ewincCtwgfp1mC
hpeedhfwpiCrisCrer1uwincCgtreeCydC1dgwsdifCwiCftdCIWYCOdfap1:CMinwidgCrisCBrfrC
Yd1od1CfpCvrhwewfrfdCn1drfd1Cvr,efCfped1rihdCrisC1dewrywewfmDC

RDC BdswhrfdsC6gd1CPifd1vrhdCW1htwfdhf,1dC“CGtdCr1htwfdhf,1dCpvCftdChpul,fd1CgtreeCydC
wuledudifdsC fpC hpivp1uC fpC wis,gf1mC gfrisr1sgcC gpC ftrfC wfC hriC rhhpuupsrfdC
rllewhrfwpigCl1powsdsCymCftdCIWYCTpif1rhfp1CrisCymCpftd1Cftw1s lr1fmCrllewhrfwpigC
g,llewd1gcCwihe,swinCy,fCipfCewuwfdsCfpCSwh1pgpvfC-vvwhdCWllewhrfwpigDCYldhwvwhreemcCwfC
u,gfCydCwuledudifdsCfpChpivp1uCfpCftdCvpeepawinCwifd1vrhdCgfrisr1sgDC
rDC MsndCp1CHppnedCTt1pudCp1CYrvr1wCvp1C,gd1Cwifd1vrhdCv,ihfwpigDC
yDC Swh1pgpvfC-vvwhdCX1pvdggwpireCvp1Ch1drfwpicCupswvwhrfwpiCrisCurwifdirihdCpvC

1dlp1fgcCgd),dihdgCrisCpftd1Cidhdggr1mCy,weswinCurirndudifCv,ihfwpigDC
hDC Swh1pgpvfC -,fepp:C p1C pftd1C d urweC l1pn1rugC vp1C g,lledudifreC rer1uC

v,ihfwpirewfmCrisChpuu,iwhrfwpiCpvCgmgfduCdodifgcCrisC1dlp1fgDC
sDC Ud),w1dsC idfap1:C pld1rfwinC gmgfduC vp1C d’htrindC pvC srfrC risC idfap1:C

v,ihfwpigC g,htC rgC l1wifwinC pvC 1dlp1fgcC f1disgC risC gldhwvwhC gmgfduC
g,uur1wdgDC

2DC XTC r1sar1d0Ypvfar1dC “C GtdC ld1gpireC hpul,fd1bg(C gtreeC ydC hpivwn,1dsC rgC
gldhwvwdsCwiCftdCTpul,fwinCr1sar1dCrisCYpvfar1dCgdhfwpiDC

JDC X1powsdCpidCpld1rfwpireCsdowhdCrgCtd1dwiCgldhwvwdsCrisCephrfdsCpiClerigDC
.DC SpywedcCNdyCIrgdscC6gd1CPifd1vrhdCbS6P(CHdid1reC

rDC WeeC v,ihfwpirewfmC rgC p,fewidsC awftwiC ftwgC gdhfwpiC gtreeC ydC l1powsdsC rgC rC
gfrisr1sC hrfrepnC l1ps,hfC gpvfar1dC g,wfdC v1puC ftdC IWYC uri,vrhf,1d1DCCC
T,gfpuC v,ihfwpirewfmC sdodepludifC fpC uddfC ftdgdC 1d),w1dudifgC wgC ipfC
rhhdlfryedDCCC

yDC GtdC upywedcC ady yrgdscC ,gd1C wifd1vrhdC gtreeC ydC GSE. hpulewrifC risC
l1powsdC rhhdggC fpC ftdC gmgfduC v1puC gur1fltpidgcC fryedfgcC lp1fryedC risC
sdg:fplChpul,fd1gDC6gd1CPifd1vrhdgCftrfC1d),w1dCgpvfar1dCwigfreerfwpiCpiCftdC
hewdifCsdowhdCbdDnDC"rorcCSwh1pgpvfYweod1ewntf–cCWspyd–Cjergt–(cCp1Cgpvfar1dC
spaieprsgC v1puC riC piewidC rllC gfp1dC gtreeC ipfC ydC rhhdlfryedC vp1C ftdgdC
l,1lpgdgDC

hDC GtdC upywedC ,gd1C wifd1vrhdC gtreeC l1powsdC gmgfduC pld1rfp1gC awftC rC gwuledC
glrhd07pid0ephrfwpi yrgdsC irownrfwpiC rll1prhtC fpC vwiswinC wivp1urfwpicC
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wihe,swinCftdCrywewfmCfpCgdr1htCvp1CrimCephrfwpiCymCirudCrisCfpCypp:ur1:CrC
ephrfwpiCwiCrCgfrisr1sCy1pagd1DC

sDC GtdC upywedC ,gd1C wifd1vrhdC gtreeC p1nriw7dC risC swglermC wivp1urfwpiC ,gwinC
h,gfpud1CgldhwvwhC ephrfwpigCrisCglrhdgDCWfCrCuwiwu,ucC ftdC,gd1C wifd1vrhdC
gtreeCl1powsdqC
9(C -1nriw7rfwpiC pvC reeC glrhdcC d),wludifC risC lpwifC wivp1urfwpiC wiC rC

vruwewr1C armC b,gwinC gfrisr1sC d),wludifC irudgC risC ephrfwpiC
sdgh1wlfwpig(cC1ds,hwinCftdCiddsCvp1Cd’fdigwodCf1rwiwinCl1wp1CfpC,gdDC

R(C WC irownrfwpiC udhtriwguC p1C f1ddC vp1C ,gd1gC fpC gdedhfC ftdC gldhwvwhC
ephrfwpiC p1C glrhdC vp1C rhhdggwinC wivp1urfwpiC “C piemC glrhdgC risC
ephrfwpigC wiC ftdC irownrfwpiC f1ddC p1C d),wludifC gd1owinC ftrfC glrhdcC
ipftwinCup1dDC

2(C GtdC rywewfmC fpC gdr1htC vp1C ris0p1C ypp:ur1:C rimC ephrfwpicC glrhdcC p1C
d),wludifCymCirudCvp1C),wh:CrhhdggCfpCh1wfwhreCp1Cf1p,yedgpudCr1drgDC

J(C WllewhrfwpiC pvC ftdC grudC irownrfwpiC udhtriwgugC rh1pggC rimC hewdifC
sdowhdCbdDnDCYur1fCltpidcCfryedfcCld1gpireChpul,fd1(Cvp1ChpigwgfdihmC
risCdrgdCpvC,gdDC

dDC GtdC grudC ,gd1C wifd1vrhdC dedudifgC gtreeC ydC rhhdggwyedC v1puC rimC fmldC pvC
ld1gpireChpul,fd1Cp1CupywedCsdowhdC1,iiwinCrimCfmldCpvCpld1rfwinCgmgfduC
g,llp1fdsCbdDnDC w-YcCWis1pwscCNwispag–(DCPfCgtreeCr,fpurfwhreemCrsrlfCrisC
plfwuw7dCftdCswglermCvp1CftdCgh1ddiCgw7dCrisCfp,htCgh1ddiCirownrfwpiDC

vDC OrownrfwpiCG1ddgC
9(C WCsdswhrfdsCephrfwpi yrgdsCirownrfwpiCf1ddCgtreeCydCl1powsdsCrgClr1fC

pvCftdC,gd1Cwifd1vrhdCwiCp1sd1CfpCirownrfdCfpCgldhwvwhClerhdgCawftwiCftdC
vrhwewfmCpiCrCtwd1r1htwhreCyrgwgCbfmlDCTrul,gcCjrhwewfmcCI,weswincCNwincC
jepp1cCUppuD(C

R(C GtdC ephrfwpi yrgdsC f1ddC gtreeC ,gdC lerhdC irudgC vruwewr1C fpC ftdC
pld1rfp1C awftp,fC f1rwiwinC p1C vruwewr1w7rfwpiC 1dnr1swinC gldhwreC hpsdgC
risChpiodifwpigC,fwew7dsCwiCftdCndid1rfwpiCpvCftdCIWYDC

2(C Tewh:winC p1C frllwinC piC rC ephrfwpiC irudC wiC ftdC f1ddC gtreeC swglermC ftdC
tpudC lrndC rggphwrfdsC awftC ftdC glrhdC risC gwu,efridp,gemC d’lrisC
ftdCf1ddCfpCswglermCftdCid’fCedodeCpvCglrhdgCydepaCftdCpidCgdedhfdsDC

J(C X1powsdC rC udrigC vp1C ),rewvwdsC ,gd1gC fpC owdaC riC reeC tr1sar1dC wfdugC
irownrfwpiCf1ddCpvCsdowhdgChpiidhfdsCfpCftdCIWYCidfap1:C wiCp1sd1CfpC
diryedCf1p,yedgtppfwinCpvCd),wludifCrisChpuu,iwhrfwpigDCC

.(C WC hewh:C p1C frlC piC rC sdowhdC wiC ftdC idfap1:C f1ddC gtreeC swglermC rC
srgtypr1sC vp1C ftrfC sdowhdC wihe,swinC wivp1urfwpiC 1dnr1swinC 1derfdsC
d),wludifC risC rhhdggC fpC rC gdlr1rfdC vph,gC owdaC pvC hpuurisryedC
lpwifgCrggphwrfdsCawftCftdClwdhdCpvCtr1sar1dDCWChewh:Cp1CfrlCpiCg,htCrC
lpwifCgtreeCswglermCrChpif1peCswrepn,dCyp’CreepawinCftdC,gd1CfpCupswvmC
p1ChpuurisCftrfClpwifCrgCwiswhrfdsDCGtdCswrepnCyp’CgtreeChpifrwiCriC
riipfrfwpiC yp’C vp1C sdgh1wywinC atmC ftdC rhfwpiC argC fr:diC p1C gldhwreC
hw1h,ugfrihdgCftrfCrllemDC

/(C YldhwvwhCtr1sar1dCrisCgpvfar1dCfmldgC wiCftdCOdfap1:C f1ddCgtreeCregpC
wihe,sdCrhhdggCfpCpidCp1Cup1dCftdCvpeepawinCowdagCwiCftdw1Csrgtypr1sC
sdldiswinCpiCtr1sar1dCfmldCp1Cidfap1:CdedudifCbdDnDCSY0GXCf1,i:(qC
r(C Y,uur1mCFwdaC
y(C BwrnipgfwhCFwdaC
h(C Odfap1:CFwdaC
s(C G1disCFwdaC
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'(C X1powsdCrCudrigCfpCtwsdCftdCOdfap1:CG1ddCrisC1df,1iCfpCftdCYlrhdgC
G1ddCrfCrimCfwudCymChewh:winCpiCftdCYlrhdgCPhpiCrypodCftdCf1ddDC

=(C X1powsdCrCudrigCfpC1dgf1whfC,gd1CrhhdggCfpCrimCglrhdCwiCftdCYlrhdgC
G1ddCrisCftd1dymCl1dodifCuriwl,erfwpiCpvCd),wludifCrggphwrfdsCawftC
ftdCglrhdDC

nDC Brgtypr1sCBwglermgC
9(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC ftdC rywewfmC fpC owdaC d),wludifC

owg,rew7rfwpigcCvepp1ClerigcCris0p1Cpftd1Cn1rltwhgCpiCupywedCp1Csdg:fplC
hewdifC sdowhdgC wiC rC y1pagd1C diow1piudifcC awftp,fC ftdC iddsC vp1C
rsswfwpireC le,nwigC p1C gpvfar1dDC H1rltwhgC gtreeC ydC rhhdggwyedC owrC rC
glrhdCbvp1Cvepp1lerigcChrul,gCurlgcCdfhD(Cp1Cd),wludifCsrgtypr1sDC

R(C Yfrisr1sC srgtypr1sgC gtreeC ydC hpivwn,1dsC vp1C drhtC sdvwidsC glrhdC
wihe,swinCpidCpvCftdCvpeepawinCl1dsdvwidsCp1Ch,gfpuCdedudifgqC
r(C M),wludifCYd1owinCYlrhdC
y(C XpfdifwreCX1pyeduCW1drgC
h(C M),wludifCY,uur1mC
s(C H1rltwhCBwglermCbwvCgldhwvwds(C
d(C Yhtds,edC

2(C Yfrisr1sCsrgtypr1sgCgtreeCydChpivwn,1dsC vp1CdrhtCgmgfduCp1CsdowhdC
bfmlDC udhtriwhreC p1C dedhf1whreC d),wludif(C wihe,swinC ftdC vpeepawinC
l1dsdvwidsCp1Ch,gfpuCdedudifgqC
r(C G1disC
y(C M),wludifCWhfwowfmCY,uur1mC
h(C M),wludifCUderfwpigtwlgCY,uur1mC
s(C M),wludifCBrfrC
d(C H1rltwhCBwglermCC
v(C Yhtds,edC

J(C 6gd1gC awftC rll1pl1wrfdC ld1uwggwpigC gtreeC trodC rhhdggC fpC rC
Brgtypr1sgC Srirnd1C ftrfC hriC htrindC ftdC swglermC p1sd1C pvC
Y,uur1wdgCrisCBrfrCdedudifgcCrssCp1C 1dupodCdedudifgCrisCrllemC
h,gfpuCsrgtypr1sgCermp,fgCfpCd),wludifCrisCglrhdCymCfmldDC

.(C Brgtypr1sCSrirnd1CgtreeCrllemCsrgtypr1sgCfpCglrhdgCp1Cd),wludifC
yrgdsCpiCftdCowdawinClerfvp1uCbBdg:fpl0GryedfCp1CXtpid(CwiCp1sd1CfpC
frwep1CftdC,gd1Cd’ld1wdihdCfpCftdCiddsgCpvCftdCgldhwvwhC,gd1CyrgdDC

/(C Bdvr,efC srgtypr1sC swglermgC ymC glrhdC risC d),wludifC fmldC gtreeC ydC
h1drfdsC ld1C ftdC n,wsdewidgC wiC ftwgC gldhwvwhrfwpiC p1C ymC u,f,reC
rn1ddudifCawftCftdC-aid1kgC1dl1dgdifrfwodDC

tDC Wer1uCSrirndudifC
9(C GtdC,gd1Cwifd1vrhdCgtreeCl1powsdCrCgwinedCswglermCpvCreeClpfdifwreCwgg,dgC

wiCrCvrhwewfmCwihe,swinCwfdugCh,11difemCwiCrer1ucCar1iwincCpod11wsdcCp,f 
pv gd1owhdCrisCpvvewidDC

R(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC ipfwvwhrfwpiC pvC idaC rer1ugcC owg,reemC
risCr,swyemDC

2(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC ftdC rywewfmC fpC owdaC rC g,uur1mC pvC
rer1ugcC wihe,swinC rC htr1fC pvC ftdC i,uyd1C pvC rer1ugC wiC drhtC pvC ftdC
sdvwidsCrer1uCl1wp1wfmC1rindgDCGtdCl1wp1wfmC1rindgCgtp,esCydCvwefd1ryedDC

J(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC ftdC hrlrywewfmC fpC owdaC u,efwledC
phh,11dihdgC pvC ftdC grudC rer1ucC ,efwurfdemC l1powswinC ftdC rywewfmC fpC
rh:ipaedsndC p1C swghr1sC reeC phh,11dihdgC pvC ftdC rer1uC wiC rC gwinedC
rhfwpiDC
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.(C GtdC,gd1C wifd1vrhdCgtreeCl1powsdC ftdChrlrywewfmC fpCowdacCrisC vwefd1CpicC
reeC rer1ugC l1dgdifC wiC rC adee sdvwidsC udhtriwhreC gmgfduC ,gwinC ftdC
d),wludifCgd1owinCd),wludifC1derfwpigtwlgDC

/(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC ftdC hrlrywewfmC fpC rh:ipaedsndC risC
swghr1sCreeCphh,11dihdgCpvCrfCedrgfC9555Crer1ugCwiCpidCpld1rfwpiDC

'(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC ftdC ,gd1CawftC ftdC ,isd1gfriswinC pvC
atrfC ltmgwhreC glrhdC wgC ydwinC rvvdhfdsC atdiC riC rer1uC phh,1gDC GtdC
,gd1C wifd1vrhdC gtreeC l1powsdC ftdC rywewfmC fpC vwefd1C rer1ugC ymC ltmgwhreC
glrhdCrvvdhfdsCatdiCftdCrer1uCphh,11dsDC

=(C GtdC,gd1Cwifd1vrhdCgtreeCl1powsdCftdChrlrywewfmCfpCupiwfp1Crer1ugCRJ0'C
awftp,fC 1d),w1winC riC rhfwodC epnwiC fpC ftdC gmgfducC rhhdggwyedC owrC
gdn1dnrfdsCadyClrndDCGtdC,gd1Cwifd1vrhdCgtreeCl1powsdCftdChrlrywewfmC
fpCdiryedsCp1CswgryedCftdCRJ0'Crer1uCupiwfp1CupsdCwvCsdgw1dsDC

3(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC ftdC hrlrywewfmC fpC riipfrfdC rer1ugC
,gwinCrCl1d sdvwidsCgdedhfwpiCewgfCp1CymCl1powswinCh,gfpuCfd’fDC

95(C GtdC,gd1Cwifd1vrhdCgtreeCl1powsdCftdChrlrywewfmCfpCvwefd1CspaiCrer1uCewgfC
risC ypp:ur1:C ftdC vwefd1dsC ewgfcC reepawinC r,fpurfwhC vwefd1winC fpC ydC
rllewdsCatdiCftdCypp:ur1:CwgCrhhdggdsDC

99(C X1powsdC rC udrigC fpC d’lp1fC rC DhgoC p1C DlsvC hplmC pvC ftdC h,11difemC
swglermdsCrer1uCewgfDC

9R(C X1powsdCrCudrigCfpCgdfC,lCriCrer1uCdghrerfwpiCvdrf,1dDCCCPvCriCrer1uC
wgCipfCrh:ipaedsndsCp1Cswghr1sdsCymC1dhwlwdifgCawftwiCrC,gd1 gdedhfdsC
fwudcCftdCrer1uCgtreeCydCdghrerfdsCfpCriCrsswfwpireCgdfCpvC1dhwlwdifgDC

wDC YdisCWiip,ihdudifC
9(C Wsuwiwgf1rfwodC,gd1gCgtp,esCtrodC ftdCrywewfmC fpCred1fCgfrvvCpvCleriidsC

p,frndgCwiCrsorihdDCGtdChpuu,iwhrfwpiCrodi,dgCgtp,esCwihe,sdqC
r(C MurweC
y(C WCudggrndCgtpaiCpiCftdCepnwiCgh1ddiC
h(C WCyriid1CgtpaiCfpCepnndsCwiC,gd1gC

xDC M),wludifCWhfwowfmCY,uur1mC
9(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC rC vwefd1ryedcC gwinedC swglermcC pvC reeC

rhfwowfmC 1derfdsC fpC rC gldhwvwhC lwdhdC pvC d),wludifC wihe,swinC ,gd1C
htrindgcC swghr1sdsC ,gd1C htrindgcC ldiswinC rer1ugcC swghr1sdsC
rer1ugcCrisCrh:ipaedsndsCrer1ugCvp1CrfC edrgfCpidCmdr1CpvCtwgfp1whreC
srfrDC

R(C PfdugCgtreeCydCewgfdsCwiCfwudsCp1sd1CawftCftdCerfdgfCrhfwowfmCrfCftdCfplCpvC
ftdCewgfDC

2(C jwefd1gC gtreeC reepaC piemC gldhwvwhC rhfwowfwdgC vp1C gldhwvwhC srfrC lpwifgC
phh,11winCawftwiCrCgldhwvwhCfwudCrisCsrfdCawispaCfpCydCswglermdsDC

J(C X1powsdC rC udrigC fpC d’lp1fC rC DhgoC hplmC pvC ftdC h,11difemC swglermdsC
g,uur1mCymChewh:winCp1CfrllwinCpiCftdCd’lp1fCwhpiDC

.(C X1powsdCrCudrigCfpCh1drfdCrCh,gfpuCf1disCn1rltChpifrwiwinCftdCsrfrC
gtpaiC wiC ftdCh,11difemCswglermdsCg,uur1mCymC frllwinCp1Chewh:winCpiC
ftdC f1disC whpiC wiC ftdCtdrsd1Cyr1CrisCgdedhfwinC ftdCgldhwvwhClpwifgC fpC
f1disCwiCftdC1dg,efwinCgdedhfwpiClrideDC

/(C Tewh:winCpiCftdCwivp1urfwpiCwhpiCwiCv1pifCpvCrimCswglermdsCrhfwowfmCewgfdsC
wiC ftdCg,uur1mCgtreeCd’lrisCftdCswglermC fpC wihe,sdCftdCirudCpvC ftdC
,gd1cCgd1od1CfwudcCore,dCl1wp1CfpCftdCrhfwowfmcCftdCrywewfmCfpCriipfrfdCftdC
rhfwowfmCrisCrC,gd1CgdedhfryedCwhpiCvp1CswglermwinCrCf1disCn1rltCpvCftdC
lpwifDC

:DC M),wludifCUderfwpigtwlgCY,uur1mC
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9(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC rC g,uur1mC pvC reeC d),wludifC risC
glrhdgC 1derfdsC fpC ftdC pld1rfwpiC pvC ftdC gmgfduC p1C sdowhdC h,11difemC
gdedhfdsCvp1CowdawinDC

R(C GtdC,gd1Cwifd1vrhdCgtreeCwihe,sdCftdChrlrywewfmCfpCirownrfdCfpCftdCtpudC
lrndCpvCrimC1derfdsClwdhdCpvCd),wludifCp1CglrhdCawftCrCgwinedChewh:Cp1C
frlCpiCftdCsdgw1dsCdedudifDC

eDC M),wludifCBrfrCY,uur1mC
9(C GtdC,gd1Cwifd1vrhdCgtreeCl1powsdCrCg,uur1mCpvCreeCsrfrCld1frwiwinCfpCrC

lr1fwh,er1C lwdhdC pvC udhtriwhreC p1C dedhf1whreC d),wludifC wiC rC fry,er1C
vp1urfDCTewh:winCp1CfrllwinCpiCrimCore,dCwiCftdCg,uur1mCgtreeCswglermC
rC1derfdsChpuurisClrideCreepawinCftdC,gd1CfpChpuuriscCpod11wsdcCp1C
htrindCgd1owhdChpiswfwpiCpvC ftdClpwifCgdedhfdsCrisCfpCriipfrfdCg,htC
rhfwpigCvp1Cv,f,1dC1dvd1dihdDC

R(C X1powsdCrCudrigCfpCd’lp1fCrCDlsvChplmCpvCftdC1dlp1fCawftCrCgwinedChewh:C
piCftdCrggphwrfdsCd’lp1fCwhpiDC

uDC M),wludifCYd1owinCYlrhdCY,uur1mC
9(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC rC g,uur1mC pvC reeC udhtriwhreC risC

dedhf1whreC d),wludifC rgC sdvwidsC wiC ftdC lpwifgC ewgfC ftrfC gd1odgC rC
gdedhfdsCglrhdCv1puCftdCirownrfwpiCf1ddDC

R(C GtdCg,uur1mCgtreeCydChrlryedCpvCwihe,swinCrCg,ygdfCpvCftdCowdaryedC
lpwifgC vp1C drhtCgmgfduC 1dl1dgdifwinC ftdC :dmCdedudifgCpvC wifd1dgfC fpC
pld1rfp1gCawftp,fCg,yxdhfwinC ftduCfpC epinC ewgfgCpvClpwifgC w11dedorifCfpC
yrgwhCpld1rfwpiDC

2(C Tewh:winCp1CfrllwinCpiCrimCwfduCwiCftdCg,uur1mCgtreeCirownrfdCfpCftdC
wfdukgCrggwnidsCtpudClrndCwiCftdC,gd1Cwifd1vrhdDC

J(C X1powsdCrCudrigCfpCowdaCrCh,gfpuCf1disCpvC wivp1urfwpiChpifrwidsCwiC
ftdCg,uur1mCawftCrCgwinedChewh:CpvC ftdCf1disCwhpiC1dgwswinC wiCftdCfwfedC
tdrsd1DC

.(C X1powsdC rCudrigC fpC swglermC gldhwvwhC gmgfdugCrisC lpwifgC ymC vwefd1winC
d),wludifCfmldgCsdgw1dsDC

/(C Idhr,gdC ftdC srfrC wgC wifdisdsC fpC ydC rC girlgtpfC pvC ftdC h,11difC
hpiswfwpigC wiCftdCglrhdCwfCgtreeCipfCsmiruwhreemC,lsrfdCy,fCrChewh:Cp1C
frlCpiCftdC,lsrfdCwhpiCrfCrimCfwudCld1vp1ugCftrfCv,ihfwpiDC

iDC XpfdifwreCX1pyeduCW1drgCY,uur1mC
9(C GtdC,gd1Cwifd1vrhdCgtreeCl1powsdCrCg,uur1mCpvCreeClpwifgCwiCftdCgmgfduC

1derfdsC fpC ftdC glrhdC ftrfC r1dCipfC pld1rfwinC hp11dhfemC bdDnDC rer1ucCpvvC
ip1ureC p1C ipfC hpuu,iwhrfwinC hp11dhfem(C wiC p1sd1C fpC l1powsdC ftdC
pld1rfp1CawftCrC),wh:C,lsrfdCpiCh,11difChpiswfwpigDC

R(C GtdCwivp1urfwpiCgtreeCwihe,sdqC
r(C XpwifCgfrf,gCbowrChpep1(C
y(C XpwifCirudC
h(C Fre,dCpvCftdClpwifCatdiCftdCg,uur1mCargCfr:diC
s(C M),wludifCftrfChpifrwigCftdCpvvdiswinClpwifC
d(C YlrhdCftrfCwgCgd1odsCymCftrfCd),wludifC

2(C BrfrClpwifgCwiCftdCg,uur1mCurmCydCvwefd1dsCymCpidCp1Cup1dCfmldgCpvC
pvv ip1ureChpiswfwpiCbdDnDCrypodCgdflpwifcCpvvewidCrisCpod11wssdi(DC

J(C GtdC g,uur1mC urmC ydC d’lp1fdsC wiC DhgoC vp1urfC vp1C wihe,gwpiC wiC
gl1drsgtddfgCp1Cpftd1Csph,udifgDC

pDC M),wludifCY,uur1mC
9(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC rC g,uur1mC ftrfC reepagC ftdC ,gd1C fpC

hpulr1dC reeC gwuwer1C d),wludifC ftrfC gd1odgC ftdC glrhdC rgC adeeC rgC
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spaigf1druC bhtwes(C glrhdgC wiC p1sd1C fpC dore,rfdC hpiswfwpigC ),wh:emC
risCsdfd1uwidClrffd1igCvp1Cf1p,yedgtppfwinCl,1lpgdgDC

R(C MrhtC ,iw),dC d),wludifC fmldC gtreeC ydC gdedhfryedC risC swglermC rC
1dl1dgdifrfwodCgdfCpvCore,dgCrepinCawftCftdCglrhdbg(CydwinCgd1odsCymC
ftdCsdowhdDCM),wludifCfmldgChriCydCgdedhfdsCv1puCrCs1plspaiCudi,C
wiCftdCg,uur1mDC

2(C Tewh:winC p1C frllwinC piC rC gdedhfdsC sdowhdC wiC ftdC g,uur1mC gtreeC
irownrfdCfpCftdCtpudClrndCvp1CftrfClwdhdCpvCd),wludifCatwedChewh:winC
p1C frllwinC rC srfrC lpwifC gtreeC swglermC ftdC hpuurisC lrideC vp1C ftrfC
lpwifDC

J(C X1powsdC rC udrigC fpC d’lp1fC rC DlsvC hplmC pvC ftdC h,11difemC swglermdsC
g,uur1mCymChewh:winCp1CfrllwinCpiCftdCd’lp1fCwhpiDC

.(C X1powsdCrCudrigCfpCh1drfdCrCh,gfpuCf1disCn1rltChpifrwiwinCftdCsrfrC
gtpaiC wiC ftdC h,11difemC swglermdsC g,uur1mC ymC hewh:winC piC ftdC f1disC
whpiCwiCftdCtdrsd1Cyr1CrisCgdedhfwinCftdCgldhwvwhClpwifgCfpCf1disCwiCftdC
1dg,efwinCgdedhfwpiClrideDC

/(C X1powsdCrCudrigCfpCgp1fCsrfrCawftwiC ftdCg,uur1mCymChewh:winCpiCftdC
sdgw1dsChpe,uiCtdrswincCreepawinCfpCgp1fCv1puCepadgfCfpCtwntdgfCore,dC
p1CowhdCod1grDC

'(C X1powsdC rCudrigC fpC dswfC ftdC hpe,uiC fmldgC risChpe,uiCp1sd1CawftwiC
ftdC g,uur1mC fpC l1powsdC 1dedorifC wivp1urfwpiC wiC rhhp1srihdC awftC
-ld1rfp1gkCl1dvd1dihdgDCCCC

=(C X1powsdCrCudrigCfpCewi:CfpCriCrsorihdsCgdr1htCrisC1dlp1fwinCv,ihfwpiC
sw1dhfemC v1puC ftdC M),wludifC Y,uur1mC ftrfC aweeC l1d lpl,erfdC ftdC
rsorihdsC1dlp1fCawftCftdCsrfrCv1puCftdCM),wludifCY,uur1mDC

lDC 6gd1CBdvwidsCY,uur1wdgC
9(C X1powsdCftdChrlrywewfmCfpCowdacChpuuriscCrisCupswvmCer1ndC),rifwfwdgC

pvC gwuwer1C srfrC wiC g,uur1wdgC awftp,fC ftdC ,gdC pvC rC gdhpisr1mC
rllewhrfwpiC bdDnDC rC gl1drsgtddf(DC GtdgdC g,uur1wdgC gtreeC ydC
ndid1rfdsCr,fpurfwhreemCp1C,gd1CsdvwidsDC

)DC G1disC
9(C GtdC,gd1Cwifd1vrhdCgtreeCl1powsdCftdChrlrywewfmCfpCowdaCtwgfp1whreCf1disC

srfrCv1puCu,efwledClwdhdgCpvCd),wludifCwiCypftCyr1CrisCewidCvp1urfgDC
R(C GtdC ,gd1C gtreeC trodC ftdC rywewfmC fpC irownrfdC fpC rC gdedhfwpiC ewgfC pvC

v1d),difemCowdadsCf1disgDC
2(C G1disCn1rltgCgtreeCtrodCfpCrywewfmCfpCydCgur1femCr,fp ndid1rfdsCyrgdsC

piCd),wludifCrisCglrhdC1derfwpigtwlgDC
J(C CGtdC ,gd1C gtreeC trodC ftdC rywewfmC fpC owdaC ,lC fpC 2C n1rltgC pvC swvvd1winC

,iwfgCpvCudrg,1dudifCwiCrCgwinedCgh1ddiCrisCgdedhfCatwhtCsrfrClpwifgC
fpClepfCpiCdrhtCfpCtdelCawftC1drsrywewfmDC

.(C MrhtCn1rltCgtreeCwihe,sdCrCsdswhrfdsCgdedhfwpiCwhpiCfpCd’lp1fCrChplmC
pvCftdCn1rltwhCrisCsrfrCwiCDlsvCvp1urfCp1CftdCsrfrCpiemCrgCrCDhgoCvwedDC

/(C G1disC n1rltgC gtreeC reepaC ftdC lepffwinC pvC ipi f1disdsC lpwifkgC sdvr,efC
ore,dgDC

'(C GtdC,gd1CgtreeCtrodCftdCrywewfmCfpCrssCrimCf1disdsCfpClpwifCrCh,gfpuC
f1disCn1rltDC

=(C GtdC ,gd1C gtreeC trodC ftdC rywewfmC fpC grodC f1disC n1rltgC vp1C 1dvd1dihdC
erfd1DC

3(C GtdC,gd1CgtreeCydCryedCfpCgldhwvmCftdCs,1rfwpiCpvCfwudCrisCrnn1dnrfwpiC
ld1wpsCvp1CdrhtCf1disCewidDC
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95(C GtdC ,gd1C gtreeC trodC ftdC rywewfmC fpC sdhwsdC atdftd1C fpC gtpaC 1raC p1C
rnn1dnrfdCf1disCsrfrDC

1DC -ld1rfp1CWhhdggC
9(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC ftdC rywewfmC fpC gdnudifC rhhdggC fpC

y,weswinC srfrC yrgdsC piC ftdC glrhdbg(C p1C ephrfwpibg(C ftdC ,gd1C wgC
ltmgwhreemC ephrfdsC wiC ris0p1C urirndgDC GtdC ,gd1C wifd1vrhdC gtreeC
l1powsdCftdChrlrywewfmCfpCrggwniC;witd1wfds¼CglrhdCld1uwggwpigCrisCftdC
rywewfmCfpCrggwniC,gd1kgCglrhdCyrgdsCrhhdggCwiCy,e:DC

R(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC ftdC rywewfmC fpC gdnudifC rhhdggC fpC
y,weswinC srfrC yrgdsC piC ftdC glrhdbg(C p1C ephrfwpibg(C ftdC ,gd1C wgC
ltmgwhreemC ephrfdsC wiC ris0p1C urirndgDC GtdC ,gd1C wifd1vrhdC gtreeC
l1powsdCftdChrlrywewfmCfpCrggwniC;witd1wfds¼CglrhdCld1uwggwpigCrisCftdC
rywewfmCfpCrggwniC,gd1kgCglrhdCyrgdsCrhhdggCwiCy,e:DC

gDC H1rltwhgC
9(C GtdC,gd1Cwifd1vrhdCgtreeCswglermCriCd),wludifCowg,rew7rfwpiCp1Cn1rltwhC

awftwiCftdChpifd’fCpvCwfgCrggphwrfdsCglrhdCby,weswincCvepp1cC1ppucCdfhD(C
p1Cd),wludifCsrgtypr1sDC

R(C H1rltwhgC gtreeC wihe,sdC ftdC rywewfmC fpC sdvwidC wiswows,reC wivp1urfwpiC
ermd1gC vp1C pld1rfp1C gdedhfwpiC wiC p1sd1C fpC her1wvmC gmgfdugC gfrf,gC risC
gwulewvmCpld1rfwpiCpiCupywedCsdowhdgDCNtd1dCsdgw1dsCrCurgfd1C ermd1C
urmCydCsdvwidsCfpCwihe,sdCwulp1frifCwivp1urfwpiCryp,fCftdCvrhwewfmCpiC
reeCn1rltwhCgh1ddigDC

2(C H1rltwhgCgtreeCg,llp1fC ftdC,gdCpvCltpfp 1drewgfwhCgmuypegCrgCadeeCrgC
hpep1ChtrindCrisCriwurfwpiCfpCurfhtCftdCgfrf,gCpvCftdC1derfdsCgmgfduC
hpif1peClpwifDC

J(C X1powsdC rC udrigC fpC d’lp1fC rC fwudC gfruldsC DlsvC vwedC pvC ftdC n1rltwhC
ydwinC owdadsC wiCp1sd1C fpC hpuu,iwhrfdC ftdC h,11difC hpiswfwpigC wiC ftdC
glrhdC p1C ftdC d),wludifC ydwinC owdadsC risC fpC l1powsdC rC twgfp1whC
1dhp1sDC

.(C WiCwifdn1reCn1rltwhCurirnd1CgtreeCydCl1powsdsCwihe,swinCftdCvpeepawinC
vdrf,1dgCrisChrlrywewfwdgqC
r(C T1drfwpiCrisCupswvwhrfwpiCpvCn1rltwhgCv1puCrimCGSE.ChrlryedC

y1pagd1C awftp,fC ftdC iddsC vp1C rsswfwpireC le,n wigC p1C gpvfar1dC
lrh:rndgDC

y(C WhhdggCfpCrCv,eeCg,wfdCpvCl1d sdvwidsCfdulerfdgCvp1Crw1CrisCarfd1C
gp,1hdsCFWTCrllewhrfwpigCrgCadeeCrgCftdCrywewfmCfpCrssCh,gfpuC
fdulerfdgC rgC h1drfdsC vp1C pftd1C ,gdDC X1d rewrgdsC n1rltwhC
fdulerfdgC urmC ydC sdvwidsC risC grodsC vp1C 1dldfwfwodC
1dl1dgdifrfwpigC pvC hpuupiC udhtriwhreC risC dedhf1whreC
d),wludifDC

h(C WC v,eeC g,wfdC pvC l1d sdvwidsC ft1ddC swudigwpireC gmuypegC vp1C
udhtriwhreCrisCdedhf1whreCgmgfdugCrgCadeeCrgCreeC ewidcC fd’fCrisC
gtrldC fppegC 1d),w1dsC vp1C wifdn1rfwpiC wifpC rC n1rltwhC awftC 7ppuC
risC lriC hrlrywewfwdgC piC u,efwledC lerfvp1ugC risC wiC u,efwledC
y1pagd1gDC

s(C GtdCrywewfmCfpCgdr1htCrisC1dlerhdCwfdugCwiCu,efwledCn1rltwhgCawftC
rCgwinedChpuurisDC

d(C GtdC rywewfmC fpC wulp1fC risC wigd1fC ltpfpgC risC wurndgC wifpC ftdC
n1rltwhDC

v(C GtdCrywewfmCpvCftdCn1rltwhgCurirnd1CfpCh1drfdCrisCdswfCn1rltwhgC
wihe,swinCftdCrywewfmCfpCywisCn1rltwhCdedudifgCfpCftdCore,dgCrisC
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hpiswfwpigC pvC gmgfduC lpwifgC wiC ypftC riC pi ewidC risC pvv ewidC
upsdDC

n(C GtdCrywewfmCfpCh1drfdCrisCwulp1fCh,gfpuCYFHCgmuypegCftrfChriC
ydC gdedhfryedC v1puC ftdC n1rltwhreC lredffdC risC 1disd1dsC rfC
1,ifwudDC

/(C WgC 1d),w1dscC ftdC IWYC Tpif1rhfp1C gtreeC l1powsdC gpvfar1dC ewhdigdgC wiC
ftdCirudCpvC ftdCpaid1C vp1Cl1pn1ruuwincChpivwn,1rfwpiCrisCn1rltwhgC
y,weswinC fppegC fpCreepaCsdgwnirfdsC1dl1dgdifrfwodgC fpCur:dChtrindgcC
upswvwhrfwpigC p1C rsswfwpigC fpC ftdC gmgfduDC NtwedC v,f,1dC ,lsrfdgC p1C
1dowgwpigC urmC 1d),w1dC riC ,lsrfdC vddcC ftdC paid1C gtreeC wih,1C ipC
rsswfwpireChpgfCwvCftdmChtppgdCipfCfpC,lsrfdDCYmgfdugCftrfC1d),w1dCrimC
rii,reCp1Cfwud ewuwfdsCewhdigwinCvddgCgtreeCipfCydCld1uwffdsDC

fDC Yhtds,ewinC
9(C GtdC,gd1Cwifd1vrhdCgtreeCl1powsdCftdChrlrywewfmCfpCswglermcCwiCrCgwin,er1C

owdacC reeC pvC ftdC dvvdhfwodC ghtds,edgC wiC ftdC hpifd’fC pvC ftdC glrhdC
by,weswin0vepp101ppucCdfhD(Cp1Cd),wludifCftrfCftdCghtds,edCdvvdhfgDCGtdC
gpvfar1dCgtp,esCtrodCftdCrywewfmC fpCswglermCriCdvvdhfwodCghtds,edcCvp1C
ftdCl1dgdifcCp1CrCv,f,1dCsrfdDC

R(C GtdC,gd1C wifd1vrhdCgtreeCl1powsdCrC1dlp1fCpvCreeCghtds,edgCrvvdhfwinCrC
glrhdC p1C d),wludifDC GtdC 1dlp1fC gtreeC l1powsdC ftdC ,gd1C sdfrwegC pvC
dodifgCftrfChpul1wgdCftdCadd:emCghtds,edCrisCd’hdlfwpiCghtds,edbg(DC
GtdC 1dlp1fC gtreeC l1powsdC rC udrigC pvC owdawinC wiswows,reC y1dr:p,fC
ghtds,ewinC dedudifgC vp1C Ndd:emC Yhtds,edcC M’hdlfwpigC risC Bdvr,efC
TpuurisgDC

2(C GtdC,gd1Cwifd1vrhdCgtreeCl1powsdCftdChrlrywewfmCfpCdvvwhwdifemChtrindCp1C
upswvmC ghtds,edgC wiCurggC),rifwfwdgDCGtwgC wihe,sdgC ftdC hrlrywewfmC fpC
rsscC wiC y,e:cC d’hdlfwpigC fpC ghtds,edgcC wiC rsswfwpiC fpC rggwniwincC wiC
y,e:cCadd:emCghtds,edgDC

,DC TpuurisCrisCTpif1peC
9(C X1powsdCrCudrigCfpChpuurisCgmgfduCrirepnCrisCywir1mClpwifgCowrCrC

s1plspaiCudi,CrhhdggdsCymChewh:winCp1CfrllwinCpiCftdCore,dCgtpaiC
wiC rimC d),wludifC g,uur1mC p1C n1rltwhC swglermC risC hpuledfwinC ftdC
frg:CwiCftdC1dg,efrifCudi,Cwihe,swinCriCplfwpireCriipfrfwpiDC

R(C TpuuriswinC u,efwledC lpwifgC gtreeC ydC lpggwyedC piC swglermgC atd1dC
u,efwledCew:dCgmgfduCdedudifgChriCydChtpgdiDC

2(C GtdC ,gd1C wifd1vrhdC gtreeC g,llp1fC ,gd1gC rsswinC ipfdgC piC ftdw1C
hpuurisgDC

J(C GtdC ,gd1C wifd1vrhdC gtreeC g,llp1fC rC htpwhdC pvC dwftd1C ld1uridifC p1C
fdulp1r1mChpuurisgDC

oDC PiopeodudifC
9(C GtdC,gd1Cwifd1vrhdCgtreeCl1powsdCwiCrCgwinedCgh1ddicCrCarmCfpCowg,rew7dC

reeC wifd1rhfwpigC bPDdDC  C hpuurisgcC a1wfdgcC 1dvd1dihdg(C awftC rC gwinedC
pyxdhfDC

R(C GtdCwifd1vrhdCgtreeCl1powsdCftdCrywewfmCfpCvwefd1Cp,fCrimCwifd1rhfwpigCbwDdDC
hpuurisgcCa1wfdgcC1dvd1dihdg(CftrfCr1dCipfCld1fwidifDC

2(C GtdC ,gd1C wifd1vrhdC gtreeC reepaC gdruedggC irownrfwpiC ydfaddiC pidC
pyxdhfkgCPiopeodudifCowdaCfpCripftd1CpyxdhfkgDC

aDC Ymgfdu EdodeCWhfwowfmC
9(C GtdC ,gd1C wifd1vrhdC gtreeC l1powsdC rC fwudewidC owdaC pvC reeC r,swfgC ftrfC

phh,1CwiCftdCgmgfducCwihe,swinqC
r(C EpnwigCrffdulfgCawftC,gd1CgldhwvwdsC
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y(C WsscCsdedfdcCupswvwhrfwpiCpvCpyxdhfgC
h(C TpuurisgC

’DC Ydr1htC
9(C GmlwinC rC fd’fC gf1winC wiC ftdC Ydr1htC yp’C gtreeC swglermC rC ewgfC pvC reeC

phh,11dihdgCpvCftrfCgf1winCwiCftdCupywedC,gd1Cwifd1vrhdDCNtdiCrCgf1winC
wgC 1dl1dgdifdsC wiC ftdC sdgh1wlfwpiC pvC rC glrhdC p1C idfap1:C dedudifcC
gdedhfwinCwfCgtreeCswglermCwfgCsdvr,efCsrgtypr1sDC

R(C Tewh:winC p1C frllwinC piC ftdC WsorihdsC Ydr1htC PhpiC gtreeC swglermC ftdC
WsorihdsCYdr1htCswrepnCyp’Cld1uwffwinCftdCvpeepawinqC
r(C Ydr1htC ymC YlrhdC risC M),wludifcC M),wludifC BdvwiwfwpiC p1C

Odfap1:CUdvd1dihdC
y(C jwefd1CftdCgdr1htCymCaweshr1sCirudCp1CpyxdhfCfmldC
h(C S,efw gdedhfwpiC pvC pyxdhfgC vp1C hpuuriswinC p1C ftdC h1drfwpiC pvC

1dlp1fgCwihe,swinCG1discCWer1ucCW,swfCrisCWhfwowfmCvp1CrCgldhwvwhC
ld1wpsCpvCfwudC

s(C T1drfwpiC pvC 1dlp1fgC wiC XBjC p1C TYFC vp1urfgC atwhtC hriC ydC
wigfrifridp,gemC spaieprsdsC p1C durwedscC p1C ghtds,edsC fpC ydC
gdifCrfC-ld1rfp1 gdedhfdsCwifd1oregCbsrwem0add:em0upiftem(C

mDC Ypvfar1dC6lsrfdgC
9(C 6gd1gC gtreeC ydC ipfwvwdsC atdiC idaC gpvfar1dC ydhpudgC rorweryedC vp1C

spaieprsDC
R(C 6gd1gCgtreeCydCnwodiCy1wdvCwivp1urfwpiCpiCatrfkgCfpCydCd’ldhfdsCwiCftdC

,lsrfdDC
7DC -vvewidC-ld1rfwpiC

9(C GtdCupywedC,gd1Cwifd1vrhdCgtreeCtrodCftdCrywewfmCfpCpld1rfdCwiCriCpvvewidC
upsdCwiCp1sd1CfpCh1drfdCp1CdswfCn1rltwhgCrisCsrgtypr1sCdedudifgDC

R(C TpifdifCh1drfdsCpvvewidCgtreeCydCrorweryedC fpCreeC r,ftp1w7dsC,gd1gC vp1C
wihe,gwpiCpvCriCpld1rfwinC,gd1Cwifd1vrhdCerfd1DC

rrDC jr,efCBdfdhfwpiC
9(C jr,efC sdfdhfwpiC v,ihfwpirewfmC gtreeC ydC l1powsdsC ftrfC wsdifwvwdgC risC

swglermgCy,weswinCgmgfdu 1derfdsC vr,efgCrisC ewgfgC ftduChpep1ChpsdsC wiC
p1sd1CpvCgdod1wfmDC C CGtwgCgpvfar1dCgtreeC edod1rndCsdvwidsC 1,edgCrisCrC
gdurifwhCsrfrCupsdeCfpCdrgdChpivwn,1rfwpiDC
r(C GtdCy,weswinCgmgfduCvr,efCdinwidCgtreeC1,iCld1wpswhreemCrnrwigfCrC

uwiwu,uCpvCgdodiCsrmgCpvCtwgfp1whreCsrfrDC
yyDC jr,efCG1wrndC

9(C X1powsdCrCudrigCfpCswglermCrsswfwpireCwivp1urfwpiCpiCrClr1fwh,er1Cvr,efC
repinCawftChp11dhfwodCrhfwpigCwiCftdCp1sd1CpvCftdw1Cew:dewidggCfpC1dgpeodC
ftdC wgg,dcCrCsdgh1wlfwpiCpvCftdCvr,efcChtr1fwinCpvCg,llp1fwinCsrfrcCrisC
riC rhfwowfmC epnC fpC f1rh:C l1pn1dggC pvC f1wrndC rffdulfgDC C C j,ihfwpirewfmC
gtreeCditrihdCftdCgp1fwinCp1sd1CrisCwivp1urfwpiCwiCftdCjr,efgCswglermC
fpCwif1ps,hdCvr,efCphh,11dihdgCrisCs,1rfwpigCfpCydffd1Cs1wodCftdCupgfC
l1pyedurfwhCwgg,dgCfpCftdCfplCpvCftdCewgfDC

BDC WggphwrfdsCWllewhrfwpiCTpulpidifgC
9DC Ydh,1wfm0Xrggap1sgC

rDC S,efwled edodeClrggap1sgCrhhdggCl1pfdhfwpiCgtreeCydCl1powsdsCowrC1pedgCrisC
ld1uwggwpigDCGtdCvdrf,1dCaweeCreepaCftdCgmgfduCfpCyrgdCrhhdggCpiCrC,gd1kgC
xpyC fwfedC p1C 1pedC risC reepaC ftdC ,gd10urirnd1C rhhdggC wifd1vrhdC hpif1pecC
swglermcC risC srfryrgdC uriwl,erfwpiC hrlrywewfwdgC yrgdsC piC riC rggwnidsC
lrggap1sDC
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yDC UpedgCurmC ydC hplwdsC risC refd1dsC fpCuddfC gldhwvwhC 1pedgC risC ld1uwggwpigC
yrgdsCpiCftdClr1fwh,er1ClpewhwdgDC

hDC GtdCgmgfduCgtreeCreepaCdrhtC,gd1CfpChtrindCtwgCp1Ctd1Clrggap1sCrfCaweeDC
sDC NtdiCdifd1winCp1CdswfwinClrggap1sgcCftdCgmgfduCgtreeCipfCdhtpCftdCrhf,reC

htr1rhfd1gCvp1CswglermCpiCftdCupiwfp1DC
dDC WCur’wu,uCpvC9.5Chrfdnp1wdgCurmCydC,gdsCfpCsdfd1uwidCp1CrggwniCr1drgCpvC

1dglpigwywewfwdgCfpCdrhtC,gd1Crhhp,ifDCC
vDC WCuwiwu,uCpvC955C,iw),dClrggap1sgCgtreeCydCg,llp1fdsDC
nDC -ld1rfp1gCgtreeCydCryedCfpCld1vp1uCpiemCftpgdChpuurisgCrorweryedCvp1Cftdw1C

1dgldhfwodClrggap1sgDCBwglermCpvCudi,CgdedhfwpigCgtreeCydC ewuwfdsC fpCpiemC
ftpgdCwfdugCsdvwidsCvp1CftdCrhhdggCedodeCpvCftdClrggap1sC,gdsCfpCepn piDC

tDC -ld1rfp1gC gtreeC ydC v,1ftd1C ewuwfdsC fpC piemC rhhdggcC hpuuriscC risC upswvmC
ftpgdC y,weswingcC gmgfdugcC risC g,ygmgfdugC vp1C atwhtC ftdmC trodC
1dglpigwywewfmDC X1powsdC rCuwiwu,uCpvC 955C hrfdnp1wdgC pvC gmgfdugC fpCatwhtC
wiswows,reCpld1rfp1gCurmCydCrggwnidsDC

wDC GtdC gmgfduC gtreeC r,fpurfwhreemC ndid1rfdC rC 1dlp1fC pvC epn pi0epn pvvC risC
gmgfduCrhfwowfmCvp1CdrhtC,gd1DCC

xDC GtdC gmgfduC gtreeC trodC ftdC rywewfmC fpC l1powsdC rC Bdlr1fudifC pvC BdvdigdC
bBpB(CgldhwvwhCar1iwinCyriid1Cvp1CrllewhryedCgwfdgCftrfCar1igCftdC,gd1CftdmC
r1dCrhhdggwinCrC1dgf1whfdsCgwfdDC

:DC Wvfd1Cg,hhdggv,eCepnwiCftdCergfCfwudCrisCsrfdCftrfC,gd1CirudCargCl1dowp,gemC
epnndsCwiCwgCgtpaiCpiCftdCgh1ddiDC

eDC MrhtC epnwiCrffdulfC wgC 1dhp1sdsC wiC ftdCgmgfduCW,swfCEpnCawftC ftdCplfwpiC fpC
1dhp1sCftdCPXCrss1dggCpvCftdCXTCftrfCursdCftdCepnwiDC

RDC Yh1ddiCSrirnd1C
rDC GtdC gmgfduC aweeC reepaC rC h,gfpuw7dsC wurndC piC ftdC epnwiC gh1ddiC bdDnDC

p1nriw7rfwpiCirudcCepnp(DC
yDC 6gd1CFwdaCirownrfwpigChriCydCswglermdsCrgCdwftd1CrCgdfCpvC frygCp1CrCs1plC

spaiCewgfDC
hDC WeepagC ,gd1C l1dvd1dihdC vp1C rggwniwinC pvC rC yrh:n1p,isC hpep1C vp1C atdiC riC

pyxdhfCwgC-,fCpvCYd1owhdCatwhtCaweeCdiryedCftdCpld1rfp1CfpC),wh:emCswgfwin,wgtC
lpwifgCftrfCtrodCyddiChpuurisdsCfpCftwgCgfrfdDC

sDC GtdC6gd1CPifd1vrhdCgtreeCydCl1powsdsCawftCgh1ddiCurirndudifChrlrywewfwdgC
ftrfC reepaC ftdC ,gd1C fpC rhfworfdcC hepgdcC risC gwu,efridp,gemC uriwl,erfdC rC
uwiwu,uC pvC JC rhfwodC swglermC awispagC le,gC rC idfap1:C p1C ,gd1C sdvwidsC
irownrfwpiCf1ddDC

2DC wgfp1whreCf1diswinCrisCsrfrChpeedhfwpiC
rDC MrhtCOdfap1:CMinwidCgtreeCgfp1dCf1disCrisClpwifCtwgfp1mCsrfrCvp1CreeCrirepnC

risCswnwfreCwil,fgCrisCp,fl,fgcCrgCvpeepagqC
9(C WimC lpwifcC ltmgwhreC p1C hreh,erfdscC urmC ydC sdgwnirfdsC vp1C f1diswinDC

GapCudftpsgCpvChpeedhfwpiCgtreeCydCreepadsqC
r(C BdvwidsCfwudCwifd1oreC
y(C 6lpiCrChtrindCpvCore,dC

yDC MrhtCOdfap1:CMinwidCgtreeCtrodCftdChrlrywewfmCfpCgfp1dCu,efwledCgruledgCvp1C
drhtCltmgwhreC lpwifC risCgpvfar1dC or1wryedCyrgdsC,lpiCrorweryedCudup1mcC
wihe,swinCriCwiswows,reCgruledCfwud0srfdCgfrulDCXpwifgCurmCydCrggwnidsCfpC
u,efwledCtwgfp1mCf1disgCawftCswvvd1difChpeedhfwpiClr1rudfd1gDC
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RDJC OMGN-UQCT-OGU-ECMOHPOMCbOTM(C

WDC Odfap1:CTpif1peCMinwidCbOTM(C
9DC GtdC Odfap1:C Tpif1peC MinwidC gtreeC ydC rC v,eemC ,gd1 l1pn1ruuryedcC g,ld1owgp1mC

hpif1peed1DCCGtdCOTMCgtreeCupiwfp1CftdCidfap1:CpvCd),wludifChpif1peed1gcCl1powsdC
nepyreC gf1rfdnmC risC sw1dhfwpicC risC hpuu,iwhrfdC piC rC ldd1 fp ldd1C yrgwgC awftC
pftd1COdfap1:CMinwidgDC

RDC GtdC OTMC gtreeC regpC ydC rC v,eemC ,gd1 l1pn1ruuryedcC d),wludifC hpif1peed1C ftrfC
wihe,sdgCrCuwiwu,uCpvCR=CP0-ClpwifgDC

2DC W,fpurfwpiCOdfap1:C“CGtdCOTMbg(CgtreeC 1dgwsdCpiC ftdCr,fpurfwpiCidfap1:CrisC
gtreeC g,llp1fC rC g,yidfC gmgfduC hpif1peed1gC owrC riC wifdn1reC Tpif1peC idfap1:C
hpiidhfwpiDC

JDC W,fpurfwpiCidfap1:Cfdulp1r1mChdee,er1ChpiidhfwpiC“CGtdCIWYCgtreeCydCl1powsdsC
awftC rC fdulp1r1mC hpiidhfwpiC owrC rC ;urgfd1¼C hpif1peC dinwidC atd1dymC ftdC
W,fpurfwpiC idfap1:C risC hpiidhfdsC ;gerod¼C dinwidgC hriC ydC rhhdggdsC 1dupfdemC
ydvp1dC-aid1kgCPGCidfap1:CwgCpld1rfwpireDCCCGtwgCl1pxdhfCgtreeCwihe,sdCrfCedrgfCpidC
hpiidhfdsChpif1peCdinwidDCCC
rDC GtdC hpiidhfdsC hpif1peC dinwidC gtreeC ydC rC gfrisr1sC hrfrepnC l1ps,hfC pvC ftdC

IWYC uri,vrhf,1d1DC C C Opi gfrisr1sC p1C h,gfpuC rllewhrfwpigC r1dC ipfC
rhhdlfryedDC

yDC GtwgC hpiidhfdsC hpif1peC dinwidC gtreeC ydC lrideC up,ifdsC awftC rC hdee,er1C
upsducC1dupfdCrifdiirCrisCrifdiirChryedgcC.Clp1fCMftd1idfCgawfhtcCrisCrC
lpad1Cg,llemCawftChpiodiwdihdCp,fedfcCCC

hDC GtdC ;urgfd1¼C hpif1peC dinwidC gtreeC hpuu,iwhrfdC awftC rC fdulp1r1mC
W,fpurfwpiC BrfrC Yd1od1C atwhtC hriC ydC ,gdsC fpC 1dupfdemC eprsC n1rltwhgcC
ndid1rfdC risC eprsC srfryrgdcC l1pn1rucC hpuuwggwpiC risC sdupigf1rfdC ftdC
IWYDCCCC

sDC WC pid mdr1C hdee,er1C hpif1rhfC gtreeC ydC wihe,sdsC awftwiC ftwgC hpif1rhfC rfC ipC
rsswfwpireC hpgfC fpC ftdC -aid1DC C S,efwledC hdee,er1C gd1owhdgC gtreeC ydC ursdC
rorweryedCfpChtppgdCv1puCfpCreepaCvp1CydgfChpiidhfwpiCgf1dinftCrfCftdCxpygwfdDCC
GtdChpgfgCpvCftdC1dupfdCgd1od1CgtreeCydC wihe,sdsCawftwiCftwgChpif1rhfCrfCipC
rsswfwpireChpgfCfpCftdC-aid1DCC

.DC 6gd1CPifd1vrhdC“CMrhtCOdfap1:CTpif1peCMinwidCgtreeCtrodCftdCrywewfmCfpCsdewod1CrC
ady yrgdsC 6gd1C Pifd1vrhdC l1dowp,gemC sdgh1wydsDC WeeC hpul,fd1gC hpiidhfdsC
ltmgwhreemC p1C ow1f,reemC fpC ftdCr,fpurfwpiC idfap1:C gtreeC trodC rhhdggC fpC ftdCady 
yrgdsC,gd1Cwifd1vrhdDC

/DC X1phdggp1C “C GtdCOTMbg(C gtreeC ydCuwh1pl1phdggp1 yrgdsCawftC rCuwiwu,uCap1sC
gw7dCpvC2RCywfgDCCGtdCOdfap1:CTpif1peCMinwidCgtreeCydCrCu,efw frg:wincCu,efw ,gd1cC
risC 1dre fwudC swnwfreC hpif1peC l1phdggDC C Yfrisr1sC pld1rfwinC gmgfdugC gtreeC ydC
dulepmdsDC C OTMbg(C gw7dC risC hrlrywewfmC gtreeC ydC g,vvwhwdifC fpC v,eemC uddfC ftdC
1d),w1dudifgCpvCftwgCYldhwvwhrfwpiDC

'DC Sdup1mC“CMrhtCOTMCgtreeCtrodCg,vvwhwdifCudup1mCfpCg,llp1fC wfgCpaiCpld1rfwinC
gmgfducCsrfryrgdgcCrisChpif1peCl1pn1rugcCrisCfpCl1powsdCg,ld1owgp1mChpif1peCvp1C
reeChpif1peCedodeCsdowhdgDC

=DC Ydh,1dC IppfC “C GtdC OTMC gtreeC l1dodifC urewhwp,gC p1C ,ir,ftp1w7dsC gpvfar1dC
rllewhrfwpigCv1puCeprswinCs,1winCftdCgmgfduCgfr1f,lCl1phdggDC

3DC Irh:n1p,isCjwedCG1rigvd1C“CGtdCOTMCgtreeCl1powsdCftdChrlrywewfmCfpCspaieprsCrC
idaCwurndCrisCsrfryrgdCfpCrCidfap1:CdinwidCatwedCftdCdinwidCwgCgfweeC1,iiwinCrisC
hpif1peewinCftdCy,weswinDCC

95DC 6gd1CW,ftdifwhrfwpiC“CGtdCOTMCgtreeCg,llp1fCephreC,gd1Cr,ftdifwhrfwpiDC
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99DC Xrggap1sC Ydh,1wfmC “C WhhdggC fpC ftdC Odfap1:C Tpif1peC MinwidgkC duydssdsC ,gd1C
wifd1vrhdCgtreeC1d),w1dCrClrggap1sCpvC=CfpC.5Chtr1rhfd1gC wihe,swinCrCuwiwu,uCpvC
pidC epad1C hrgdC edffd1cC pidC ,lld1C hrgdC edffd1cC pidC i,uyd1cC risC pidC gldhwreC
htr1rhfd1DCWiCrer1uCgtreeCydCndid1rfdsCrvfd1Cft1ddC,ig,hhdggv,eCrffdulfgCawftwiC
9.Cuwi,fdgCrisCftdC,gd1CgtreeCydCsdiwdsCrhhdggC,ifweCld1uwggwpiCwgC1didadsCymCrC
gmgfduCrsuwiwgf1rfp1DC

9RDC Odfap1:C Ydh,1wfmC “C Tpuu,iwhrfwpiC ydfaddiC ftdC OTMC risC pftd1C gmgfduC
idfap1:dsC sdowhdgC wihe,swinC rsswfwpireC Odfap1:C MinwidgcC WllewhrfwpiC risC BrfrC
Yd1od1gcC -ldiC BrfrC Yd1od1gC bIWTidfC ewgfdsC -NY(cC risC ,gd1C wifd1vrhdC hewdifgC
gtreeC ydC dih1mlfdsC risC g,llp1fC GGXYC awftC G1riglp1fC EdodeC Ydh,1wfmC bGEY(C
Fd1gwpiC 9DRDC Ydev gwnidsC hd1fwvwhrfdgC r1dC fpC ydC l1powsdsC awftC ftdC plfwpiC pvC
hpivwn,1winC f1,gfdsC hd1fwvwhrfdgDC C MinwidgC gtreeC regpC ydC d),wlldsC fpC plfwpireemC
g,llp1fCjPXYC9J5 RCjdsd1reCHpod1iudifCdih1mlfwpiCgfrisr1sDC

92DC r1sar1dC UdreC GwudC Teph:C “C GtdC Odfap1:C Tpif1peC MinwidC gtreeC wihe,sdC riC
wifdn1rfdscC tr1sar1d yrgdscC 1dre fwudC heph:cC awftC rC g,ld1hrlrhwfp1C fpC urwifrwiC
fwudCvp1CrCuwiwu,uCpvC'RCtp,1gCs,1winCrClpad1CepggDCTpif1peed1gC,gwinCrCyrffd1mC
fpCurwifrwiCfwudCs,1winCrClpad1CepggCgtreeCipfCydCrhhdlfryedDC

9JDC BwrnipgfwhgC “C GtdC OTMbg(C gtreeC hpifwi,p,gemC ld1vp1uC gdev swrnipgfwhgcC
hpuu,iwhrfwpiC swrnipgwgcC risC swrnipgwgC pvC reeC lrideC hpulpidifgDC GtdCOTMbg(C
gtreeC l1powsdC ypftC ephreC risC 1dupfdC rii,ihwrfwpiC pvC rimC sdfdhfdsC hpulpidifC
vrwe,1dgCp1C1dldrfdsCvrwe,1dgCfpCdgfryewgtChpuu,iwhrfwpiDCC

9.DC Xpad1C jrwe,1dC “C PiC ftdC dodifC pvC ftdC epggC pvC ip1ureC lpad1cC ftdC OTMbg(C gtreeC
hpifwi,dCfpCpld1rfdCvp1CrC,gd1Crsx,gfryedCld1wpsCpvC,lCfpC95Cuwi,fdgCrvfd1CatwhtC
ftd1dC gtreeC ydC riC p1sd1emC gt,fspaiC pvC reeC l1pn1rugC fpC l1dodifC ftdC epggC pvC
srfryrgdCp1Cpld1rfwinCgmgfduCgpvfar1dDC
rDC B,1winC rC epggC pvC ip1ureC lpad1cC ftdC hpif1peC gd),dihdgC gtreeC npC fpC ftdC

ip1ureCgmgfduCgt,fspaiChpiswfwpigDCWeeCh1wfwhreChpivwn,1rfwpiCsrfrCgtreeCydC
grodsCwifpCjergtCudup1mDC

yDC 6lpiC1dgfp1rfwpiCpvCip1ureClpad1CrisCrvfd1CrCuwiwu,uCpvv fwudCsdermcCftdC
hpif1peed1C gtreeC r,fpurfwhreemC 1dg,udC v,eeC pld1rfwpiC awftp,fC uri,reC
wifd1odifwpiCft1p,ntCrCip1ureCgpvf gfr1fCgd),dihdDC

9/DC Td1fwvwhrfwpiC“CGtdCOTMbg(CgtreeCuddfCrisCydC ewgfdsC fpC ftdC6EC39/CYfrisr1sC vp1C
Mid1nmC SrirndudifC M),wludifC risC ydC jTTC TpulewrifC fpC TjUJ'cC Xr1fC 9.cC
Y,ylr1fCIcCTerggCWDC

9'DC BdowhdC Pifdn1rfwpiC “C GtdC OTMbg(C gtreeC g,llp1fC wifdn1rfwinC risC g,ld1owgwinC
idfap1:dsC sdowhdgC ,gwinC ftdC vpeepawinC hpuu,iwhrfwpiC l1pfphpegC piC ftdC
sdowhd0hpif1peed1Cidfap1:qC
rDC GtdCOTMCbg(CgtreeCg,llp1fCIWTidfCYfrisr1sCSY0GXCI,gCX1pfphpeCWYUWMC

YYXT 92.CpiCftdChpif1peed1Cidfap1:DC
9(C GtdC OTMC bg(C gtreeC g,llp1fC UdupfdC jwdesC I,gC wifdn1rfwpiC owrC rC

IWTidfCPXCfpCSY0GXC1p,fd1DC
R(C GtdC OTMC bg(C gtreeC ydC fdgfdsC risC IGEC ewgfds0hd1fwvwdsC rgC rC IWTidfC

I,weswinCTpif1peed1CbI IT(DC
2(C WCIWTidfCX1pfphpeCPuledudifrfwpiCTpivp1urihdCYfrfdudifCgtreeCydC

l1powsdsCvp1CftdCOTMbg(DC
yDC GtdCOTMbg(CgtreeCplfwpireemCg,llp1fCwifdn1rfwpiCpvCidfap1:dsCsdowhdgC,gwinC

ftdCvpeepawinCidfap1:winCl1pfphpegqC
9(C IWTidfCC
R(C "ptigpiCTpif1pegCORCp1Cftw1sClr1fmCORC-ldiCsdowhdgDCC
2(C EpiGre:C
J(C S-BI6YCUG6C



HGTC CT-ONWACT-YSMG-E-HACMLXWOYP-OCIEBHDC.550/55C
C

I6PEBPOHCW6G-SWGP-OCWOBCGMSXMUWG6UMCT-OGU-ECYAYGMSC R25355C CR2C

.(C S-BI6YCGTXC
/(C QOLCC
'(C S I,gCC
=(C -XTC6WC

9=DC GtdC OTMC gtreeC dulepmC rC vwiwfdC gfrfdC l1pn1ruuwinC fpC dewuwirfdC ,iidhdggr1mC
hpivewhfgC ydfaddiC hpif1peC v,ihfwpigC rfC h1pggpod1C lpwifgC wiC ftdw1C pld1rfwpireC
gd),dihdgDCY,llewd1gC,gwinCipi gfrfdCyrgdsCBBTCgtreeCl1powsdCgdlr1rfdChpif1peC
gf1rfdnmCswrn1rugCvp1CreeChpif1peedsCv,ihfwpigCwiCftdw1Cg,yuwffregDC

93DC GtdC OTMC gtreeC ydC vrhfp1mC l1pn1ruudsC awftC rC hpifwi,p,gC rsrlfwodC f,iwinC
renp1wftuC ftrfC gdigdgC htrindgC wiC ftdC ltmgwhreC diow1piudifC risC hpifwi,reemC
rsx,gfgC epplC f,iwinC lr1rudfd1gC rll1pl1wrfdemDC Tpif1peed1gC ftrfC 1d),w1dC uri,reC
f,iwinC pvC epplgC p1C ld1vp1uC r,fpurfwhC f,iwinC piC hpuurisC piemcC gtreeC ipfC ydC
rhhdlfryedDC

R5DC GtdCOTMCgtreeCg,llp1fCftdCvpeepawinCfmldgCpvCwil,fgCrisCp,fl,fgqC
rDC 6iwod1greC Pil,fgC “C gtreeC ydC hpivwn,1dsC fpCupiwfp1C rimC pvC ftdC vpeepawinC vp1C

WirepnCwil,fgqCCFpefrndCSpsdcCT,11difCSpsdcCUdgwgfwodCSpsdDCCjp1CIwir1mC
Pil,fgqCCB1mCTpifrhfCSrwifrwidsCSpsdcCX,egdCTp,ifd1CSpsdC

yDC WirepnC -,fl,fgC “C gtreeC ydC hpivwn,1dsC fpC p,fl,fC dwftd1C pvC ftdC vpeepawinqCC
FpefrndCSpsdcCT,11difCSpsdC

hDC Iwir1mC-,fl,fgC“CgtreeCp,fl,fCftdCvpeepawinqCCRJFWTCG1wrhC
sDC Tpivwn,1ryedC-,fl,fgC“CgtreeCydChpivwn,1dsCfpCp,fl,fCdwftd1CpvCftdCvpeepawinqCCC

9(C WirepnC-,fl,fCCFpefrndCSpsdC
R(C Iwir1mC-,fl,fCRJCFWTCG1wrhCSpsdC

dDC GtdCOTMCgtreeCtrodCftdCrywewfmCfpCupiwfp1CrisChpif1peCrCidfap1:CpvCgdigp1gC
risCrhf,rfp1gCpod1CrCYdigp1CWhf,rfp1CbYW(CI,gCsdswhrfdsCfpCftdChpif1peed1DCC
GtwgC y,gC gtreeC ydC rC SY0GXC I,gC g,llp1fwinC IWTidfC Yfrisr1sC l1pfphpeC
YYXT 92.Cg,llp1fwinCipCedggCftriC3CsdowhdgCawftCrCur’wu,uCswgfrihdCpvC
9cR55CjfDCydfaddiCftdCOTMCrisCftdCv,1ftdgfChpiidhfdsCsdowhdDC

R9DC GtdC OTMC gtreeC l1powsdC 1duporyedcC erydedscC gh1daC fd1uwireC yeph:gC vp1C RJC FWTC
lpad1cChpuu,iwhrfwpiCy,gCrisCP0-ClpwifCvwdesCaw1winDC

RRDC GtdC OTMC gtreeC wihe,sdC ftdC vpeepawinC u,efw hpep1cC vergtwinC EMBgC fpC wiswhrfdC
wulp1frifCpld1rfwinChpiswfwpigCrisCgfrf,gCC

R2DC Tpuu,iwhrfwpigC Xp1fgC “C GtdC OTMbg(C gtreeC l1powsdC ftdC vpeepawinC lp1fgC vp1C
hpiidhfwinCidfap1:ryedCsdowhdgqC
rDC GapCbR(C6YIClp1fgC
yDC -idCb9(CUY J=.Clp1fC
hDC GapCbR(CMftd1idfClp1fgC

RJDC GtdC OTMC gtreeC g,llp1fC riC wifdn1rfdsC ,gd1C wifd1vrhdC vdrf,1winC rC swglermC risC
:dmlrsCwiCewd,CpvCpi ypr1sC-WCgawfhtdgCvp1Cp,fl,fCpod11wsdgDCC
rDC GtdC wifdn1rfdsC ,gd1C wifd1vrhdC gtreeC reepaC owdawinC risC upiwfp1winC lpwifgcC

rer1ugcCrisCf1disgDC
yDC GtdC wifdn1rfdsC ,gd1C wifd1vrhdC gtreeC reepaC owdawinC risC htrinwinC gdflpwifgcC

upsdgCpvCpld1rfwpicCrisClr1rudfd1gDC
hDC GtdC wifdn1rfdsC,gd1C wifd1vrhdCgtreeCl1powsdClrggap1sCl1pfdhfwpiCawftC,gd1 

rsx,gfryedClrggap1sCfwudp,fDC
sDC GtdC wivp1urfwpiC l1dgdifdsC ymC ftdC wifdn1rfdsC ,gd1C wifd1vrhdC gtreeC ydC

p1nriw7dsCwifpCvpesd1gCvp1CdrgmCirownrfwpiDCC
dDC GtdC wifdn1rfdsC,gd1C wifd1vrhdC gtreeC g,llp1fC fd’f,reC sdgh1wlfwpigC wiCMinewgtC

vp1CdrhtClpwifDC
vDC GtdC swglermC gtreeC ydcC rfCuwiwu,ucC rC RDJ wihtcC hpep1C swglermCawftC 2R5’RJ5C

1dgpe,fwpiDCC
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nDC GtdCswglermCgtreeCg,llp1fCrsx,gfryedChpif1rgfCrisCy1wntfidggDC
tDC GtdC:dmlrsCgtreeCwihe,sdCipCup1dCftriCgdodiCb'(C:dmgDCC

R.DC GtdC OTMC gtreeC g,llp1fC ,lC fpC .5C g,ld1owgdsC sdowhdgC rh1pggC reeC g,llp1fdsC
wifdn1rfwpigDC

RD.C BBTCM46PXSMOGCT-OGU-EEMUYC

WDC Hdid1reCX,1lpgdCWllewhrfwpiCTpif1peed1CbHXWT(C
9DC GtdC Hdid1reC X,1lpgdC WllewhrfwpiC Tpif1peed1C bHXWT(C gtreeC ydC rC v,eemC

l1pn1ruuryedcC swnwfreC hpif1peed1C ftrfC hpuu,iwhrfdgC owrC ftdC IWTidfC SY0GXC
l1pfphpeCpod1CftdCjTCI,gDC
rDC GtdCHXWTCgtreeCg,llp1fCIWTidfCYfrisr1sCWOYP0WYUWMC92.DC

9(C GtdCHXWTCgtreeCydCIGECewgfds0hd1fwvwdsDC
R(C GtdC HXWTC gtreeC ydC fdgfdsC risC hd1fwvwdsC rgC rC IWTidfC WsorihdsC

WllewhrfwpiCTpif1peed1CbI WWT(DC
2(C WCIWTidfCX1pfphpeCPuledudifrfwpiCTpivp1urihdCYfrfdudifCgtreeCydC

l1powsdsCvp1CftdCHXWTDC
RDC GtdC HXWTC gtreeC dulepmC vwiwfdC gfrfdC l1pn1ruuwinC fpC dewuwirfdC ,iidhdggr1mC

hpivewhfgC ydfaddiC hpif1peC v,ihfwpigC rfC h1pggpod1C lpwifgC wiC ftdw1C pld1rfwpireC
gd),dihdgDCY,llewd1gC,gwinCipi gfrfdCyrgdsCBBTCgtreeCl1powsdCgdlr1rfdChpif1peC
gf1rfdnmCswrn1rugCvp1CreeChpif1peedsCv,ihfwpigCwiCftdw1Cg,yuwffregDC

2DC HXWTCgtreeCydCvrhfp1mCl1pn1ruudsCawftCrChpifwi,p,gCrsrlfwodCf,iwinCrenp1wftuC
ftrfC gdigdgC htrindgC wiC ftdC ltmgwhreC diow1piudifC risC hpifwi,reemC rsx,gfgC epplC
f,iwinClr1rudfd1gCrll1pl1wrfdemDCTpif1peed1gCftrfC1d),w1dCuri,reC f,iwinCpvC epplgC
p1Cld1vp1uCr,fpurfwhCf,iwinCpiChpuurisCpiemCgtreeCipfCydCrhhdlfryedDC

JDC GtdCHXWTC gtreeC ydC rggduyedsC wiC rC lergfwhC tp,gwinC awftC l1pfdhfwpiC herggC PXR5C
bPMT.R3(CrisCveruurywewfmC1rfdsCfpC6E3J .FIDC

.DC GtdCHXWTCgtreeCwihe,sdCriCwifdn1reC1dre fwudCheph:CrisCg,llp1fCfwud yrgdsCfrg:gC
atwhtCdiryedgCftdgdCvwdesChpif1peed1gCfpCupiwfp1CrisChpif1peCghtds,edgcChredisr1gcC
rer1ugcCrisCf1disgDC

/DC GtdCHXWTChriChpifwi,dCfwud yrgdsCupiwfp1winCatdiCpvvewidCvp1Cd’fdisdsCld1wpsgC
pvCfwudCv1puCrCidfap1:DC

'DC GtdCHXWTC hriC pld1rfdC rgC rC gfris repidC hpif1peed1C wiC rllewhrfwpigC ftrfC spC ipfC
1d),w1dC rC idfap1:dsC g,ld1owgp1mC sdowhdC p1C vp1C idfap1:C rllewhrfwpigC atd1dC wfC wgC
l1dvd11dsCfpCtrodC ftdCghtds,ewincCrer1uwincCris0p1C f1diswinCld1vp1udsC ephreemC wiC
ftdCd),wludifChpif1peed1gDC

=DC GtdCHXWTCgtreeCwihe,sdCf1p,yedgtppfwinCEMBgCfpCwiswhrfdCftdCvpeepawinChpiswfwpigC
ip1ureCp1Cryip1ureCpld1rfwpiCpvClpad1cChpif1peed1Cvr,efcCYWCy,gChpuu,iwhrfwpigcC
jTCI,gChpuu,iwhrfwpigcCrisCdisCpvCewidCpi0pvvDC

3DC GtdCHXWTCgtreeCtrodCftdCrywewfmCfpCf1rigvd1CrisCrllemCvw1uar1dCvwedgCfpCreeCYWCI,gC
sdowhdgCbM-PScCP-ScCrisCidfap1:dsC7pidCgdigp1g(ChpiidhfdsCfpCwfDC

95DC GtdCHXWTCgtreeCwihe,sdC1duporyedCrisCerydedsCgh1daCfd1uwireCyeph:gCvp1CreeCP0-cC
jTCrisCYWCI,gChpuu,iwhrfwpicCrisClpad1Caw1winChpiidhfwpigDCC

99DC GtdCHXWTC gtreeC rhhpuupsrfdC ftdC sw1dhfC aw1winC pvC rirepnC risC ywir1mC P0-C vwdesC
lpwifgCawftCftdCvpeepawinC1dgpe,fwpiDC
rDC Pil,fgC“CRJ ywfCrirepn fp swnwfreChpiod1fd1C
yDC -,fl,fgC“C®0 CR55CuFCrhh,1rhmCwiC5 95CFBTCrllewhrfwpigC

9RDC GtdCHXWTCgtreeCg,llp1fCftdCvpeepawinCfmldgCpvCwil,fgCrisCp,fl,fgCg,llewdsCwiCftdC
rup,ifgC1d),w1dsCvp1CftdCgldhwvwdsCrllewhrfwpigqC
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rDC 6iwod1greC Pil,fgC“C5 95CFBTCrirepnC wil,fcCJ R5CuWCrirepnC wil,fcC5 /55:C
ptugCrirepnCwil,fcCB1mChpifrhfCywir1mCwil,fC

yDC Iwir1mCPil,fgC“CB1mCTpifrhfCSrwifrwidsCSpsdcCX,egdCTp,ifd1CSpsdC
hDC WirepnC-,fl,fgC“C5 95CFBTCrirepnCp,fl,fcCJ R5CuWCrirepnCp,fl,fC
sDC Iwir1mC-,fl,fgC“CRJCFWTCG1wrhC
dDC Tpivwn,1ryedC -,fl,fgC “C 5 95C FBTC rirepnC p,fl,fcC RJC FWTC G1wrhC ywir1mC

p,fl,fC
92DC GtdCHXWTCgtreeCtrodCftdCrywewfmCfpCupiwfp1CrisChpif1peCrCidfap1:CpvCgdigp1gCrisC

rhf,rfp1gCpod1CrCYWCI,gDC
9JDC GtdC HXWTC gtreeC wihe,sdC ft1ddC b2(C sdhwureC 1pfr1mC swreC gawfhtdgC vp1C gdffwinC ftdC

IWTidfCSY0GXCsdowhdCrss1dggDC
9.DC GtdC HXWTC gtreeC trodC ftdC hrlrywewfmC fpC d’dh,fdC hpuled’C hpif1peC gd),dihdgC

wiopeowinC sw1dhfC aw1dsC P0-C lpwifgC rgC adeeC rgC wil,fC risC p,fl,fC sdowhdgC
hpuu,iwhrfwinCpod1CrCSY0GXCI,gDC

9/DC GtdC HXWTC gtreeC g,llp1fC rC EphreC Tpif1peed1C BwglermC rgC rC 1dupfdC sdowhdC
hpuu,iwhrfwinCpod1CftdCYWCI,gDC
rDC GtdCBwglermCgtreeC,gdCrCIWTidfCYfrisr1sCYYXT 92.CSY0GXCl1pfphpeDC
yDC GtdCBwglermCgtreeCreepaC ftdC,gd1C fpCowdaCupiwfp1dsClpwifgCawftp,fC epnnwinC

wifpCftdCgmgfduDC
hDC GtdCBwglermCgtreeCreepaC ftdC,gd1C fpCowdaCrisChtrindCgdflpwifgcCupsdgCpvC

pld1rfwpicCrisClr1rudfd1gDC
sDC GtdC BwglermC gtreeC l1powsdC lrggap1sC l1pfdhfwpiC awftC ,gd1C rsx,gfryedC

lrggap1sCfwudp,fDC
dDC GtdCBwglermCgtreeCydCudi,Cs1wodiCawftCgdlr1rfdClrftgCvp1qC

9(C Pil,f0-,fl,fC
R(C Xr1rudfd10YdflpwifC
2(C -od11wsdgC

vDC GtdCBwglermCgtreeC,gdCdrgm fp 1drsCMinewgtCfd’fCudggrndgDC
nDC GtdCBwglermC gtreeC reepaC ftdC ,gd1C fpC gdedhfC ftdC lpwifgC fpC ydC gtpaiCrisC wiC

atrfCp1sd1DC
tDC GtdC BwglermC gtreeC g,llp1fC rC yrh:C ewfC ETBC awftC rsx,gfryedC hpif1rgfC risC

y1wntfdigCrisCr,fpurfwhCyrh:ewntfCy1wntfdiwinCs,1winC,gd1Cwifd1rhfwpiDC
wDC GtdCBwglermCgtreeCtrodCrC:dmlrsDC
xDC GtdCBwglermCgtreeCydClrideCup,ifryedDC

RD/C jPMEBCBMFPTMYC

WDC M’lrigwpiCPil,f0-,fl,fCSps,edCbMP-S(C
9DC GtdC MP-SC l1powsdgC rsswfwpireC wil,fC risC p,fl,fC wifd1vrhdgC vp1C ,gdC wiC swnwfreC

hpif1peed1gDC
RDC GtdCMP-SCgtreeChpuu,iwhrfdCawftChpif1peed1gCpod1CftdCjTCI,gCp1CftdCYWCI,gDC
2DC GtdCMP-SCgtreeCg,llp1fCIWTidfCYfrisr1sCWOYP0WYUWMC92.DC

rDC GtdCMP-SCgtreeCydCIGECewgfds0hd1fwvwdsCrisChr11mCftdCIGECErydeDC
yDC GtdC MP-SC gtreeC ydC fdgfdsC risC hd1fwvwdsC rgC rC IWTidfC Yur1fC Whf,rfp1C bI 

YW(DC
hDC WC IWTidfC X1pfphpeC PuledudifrfwpiC Tpivp1urihdC YfrfdudifC gtreeC ydC

l1powsdsCvp1CftdCP-SDC
JDC GtdCMP-SCgtreeC wihe,sdC1duporyedCgh1daCfd1uwireCyeph:gCvp1CreeC P0-cCYW0jTCy,gC

hpuu,iwhrfwpicCrisClpad1Caw1winChpiidhfwpigDC
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.DC GtdC MP-SC gtreeC wihe,sdC ft1ddC b2(C sdhwureC 1pfr1mC swreC gawfhtdgC vp1C gdffwinC ftdC
IWTidfCSY0GXCsdowhdCrss1dggDC

/DC GtdC P-SC gtreeC rhhpuupsrfdC ftdC sw1dhfC aw1winC pvC rirepnC risC ywir1mC P0-C vwdesC
lpwifgCawftCftdCvpeepawinC1dgpe,fwpiqC
rDC Pil,fgC“CRJ ywfCrirepn fp swnwfreChpiod1fd1C
yDC -,fl,fgC“C®0 CR55CuFCrhh,1rhmCwiC5 95CFBTCrllewhrfwpigC

'DC GtdCMP-SCgtreeCg,llp1fCftdCvpeepawinCfmldgCpvCwil,fgCrisCp,fl,fgqC
rDC 6iwod1greC Pil,fgC“C5 95CFBTCrirepnC wil,fcCJ R5CuWCrirepnC wil,fcC5 /55:C

ptugCrirepnCwil,fcCB1mChpifrhfCywir1mCwil,fC
yDC Iwir1mCPil,fgC“CB1mCTpifrhfCSrwifrwidsCSpsdcCX,egdCTp,ifd1CSpsdC
hDC WirepnC-,fl,fgC“C5 95CFBTCrirepnCp,fl,fcCJ R5CuWCrirepnCp,fl,fC
sDC Iwir1mC-,fl,fgC“CRJCFWTCG1wrhC
dDC Tpivwn,1ryedC -,fl,fgC “C 5 95C FBTC rirepnC p,fl,fcC RJC FWTC G1wrhC ywir1mC

p,fl,fC
=DC GtdCMP-SCgtreeCwihe,sdCf1p,yedgtppfwinCEMBgCfpCwiswhrfdCftdCvpeepawinChpiswfwpigC

ip1ureCp1Cryip1ureCpld1rfwpiCpvClpad1cChpif1peed1Cvr,efcCYWCy,gChpuu,iwhrfwpigcC
jTCI,gChpuu,iwhrfwpigcCrisCdisCpvCewidCpi0pvvDC

IDC Odfap1:dsCGtd1upgfrfCbGMT(C
9DC GtdC Odfap1:dsC Gtd1upgfrfC gtreeC wihe,sdC riC wif,wfwodC 6gd1C Pifd1vrhdC l1powswinC

lerwiCfd’fCudggrndgDC
rDC Gap ewidcC=Chtr1rhfd1Cyrh:ewfCswglermC
yDC EMBCwiswhrfp1gCvp1CjricCdrfcCrisCTppeCgfrf,gC
hDC jwodCb.(C6gd1CPifd1vrhdCQdmgC

9(C SpsdC
R(C jriC
2(C -od11wsdC
J(C Bdn1ddgCT0jC
.(C 6l0BpaiC

RDC GtdCOdfap1:dsCGtd1upgfrfgCgtreeCl1powsdC ftdC ved’wywewfmC fpCg,llp1fC ftdC vpeepawinC
wil,fgqC
rDC Pifdn1reCPispp1CWw1CGduld1rf,1dCYdigp1C
yDC B,hfCSp,ifCWw1CGduld1rf,1dCYdigp1C
hDC UdupfdCPispp1CWw1CGduld1rf,1dCYdigp1CawftC-hh,lrihmC-od11wsdCrisCEMBC

Piswhrfp1DC
sDC GapChpivwn,1ryedCywir1mCwil,fgCCCC

2DC GtdCOdfap1:dsCGtd1upgfrfgCgtreeCl1powsdC ftdC ved’wywewfmC fpCg,llp1fC ftdC vpeepawinC
p,fl,fgqC
rDC Gt1ddCYlddsCjriCTpif1peC
yDC -i0-vvCTpif1peC
hDC jeprfwinCTpif1peC
sDC X1plp1fwpireCb5CfpC95F(CTpif1peCC

TDC Odfap1:CYdigp1gCbOY(C
9DC GtdC Odfap1:C Ydigp1gC bOY(C gtreeC trodC ftdC rywewfmC fpC upiwfp1C ftdC vpeepawinC

or1wryedgCreeCawftwiCrCgwinedCaree up,ifdsCdihepg,1dCbipCd’hdlfwpig(CrgC1d),w1dsC
ymCftdCgmgfdugCgd),dihdCpvCpld1rfwpigqC
rDC +pidCfduld1rf,1dC
yDC +pidCt,uwswfmC
hDC +pidChr1ypiCswp’wsdC
sDC +pidCgdfClpwifC
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RDC GtdCOYCgtreeCf1riguwfCftdC7pidCwivp1urfwpiCyrh:CfpCftdChpif1peed1CpiCftdCYdigp1 
Whf,rfp1CI,gCbYWCI,g(C,gwinCIWTidfCYfrisr1sCl1pfphpeCYYXT 92.DC

2DC GtdCOYCgtreeCydCIGECewgfds0hd1fwvwdsCrisChr11mCftdCIGECErydeDC
rDC GtdCOYCgtreeCydCfdgfdsCrisChd1fwvwdsCrgCrCIWTidfCYur1fCYdigp1gCbI YY(DC

JDC GtdCOdfap1:C+pidCGduld1rf,1dCYdigp1gCgtreeCwihe,sdCftdCvpeepawinCwfdugqCCC
rDC WCyrh:ewfCETBCfpCwiswhrfdCftdCfduld1rf,1dcCt,uwswfmCrisCgdflpwifC
yDC WiCEMBCfpCwiswhrfdCftdCgfrf,gCpvCftdC-od11wsdCvdrf,1dC
hDC WCy,ffpiCfpCfpnnedCftdCfduld1rf,1dCswglermCydfaddiCjrt1ditdwfCrisCTdegw,gC
sDC WCy,ffpiCfpCl1pn1ruCftdCswglermCvp1Cfduld1rf,1dCp1Ct,uwswfmC
dDC WCy,ffpiCfpCwiwfwrfdCrCfwudsCpod11wsdChpuurisC
vDC WorweryedCwiCdwftd1Cg,1vrhdCup,ifcCareeCup,ifcCp1Cve,gtCup,ifC
nDC WorweryedCawftCdwftd1Cgh1daCfd1uwiregCp1CltpidCxrh:C

BDC YmgfduCGppegC
9DC -idCgpvfar1dChplmCpvCdrhtCgmgfduCfppeCgtreeCydCl1powsdsCawftCftdCIWYDC
RDC YmgfduCTpivwn,1rfwpiCGppeC

rDC GtdCTpivwn,1rfwpiCGppeCgtreeCydCrCgpvfar1dClrh:rndCdiryewinCrChpul,fd1C
lerfvp1uC fpCydC,gdsCrgCrC gfris repidCdinwidd1winC hpivwn,1rfwpiC fppeC vp1C rC
Odfap1:CMinwidDC

yDC GtdC hpivwn,1rfwpiC fppeC gtreeC l1powsdC riC r1htwodC srfryrgdC vp1C ftdC
hpivwn,1rfwpiCrisCrllewhrfwpiCsrfrDC

hDC GtdChpivwn,1rfwpiCfppeCgtreeCl1powsdCrCgwfdCswghpod1mCvdrf,1dCfpCr,fpurfwhreemC
swghpod1C vwdesC sdowhdgC piC hpiidhfdsC y,gdgC risC idfap1:gDC W,fpurfwhC
swghpod1mCgtreeCydCrorweryedCvp1CftdCvpeepawinCvwdesCsdowhdgqC
9(C IWTidfCBdowhdgC
R(C EpiNp1:gCsdowhdgC
2(C "ptigpiCTpif1pegCORCI,gCsdowhdgC

sDC WCaw1dedggCrhhdggClpwifCgtreeCreepaCrCaw1dedggCdiryedsClp1fryedCXTCfpCur:dC
rCfdulp1r1mCMftd1idfChpiidhfwpiCfpCftdCr,fpurfwpiCidfap1:DC

dDC X1powsdC"ptigpiCTpif1pegCYTGCp1Crll1podsCd),reDC
2DC Tpif1peed1CTpivwn,1rfwpiCGppeCbTTG(C

rDC WgC lr1fC pvC ftdC gwinedC gpvfar1dC fppeC diow1piudifC wihe,swinC gmgfduC risC
hpif1peed1CdedudifgcCftdCTpif1peed1CTpivwn,1rfwpiCGppeCbTTG(CgtreeCydC,gdsC
fpC hpivwn,1dcC gwu,erfdC risC hpuuwggwpiC d),wludifC hpif1peed1gC risC OTMC
hpif1peed1gDC

yDC GtdCTTGCgtreeC pld1rfdC wiCswgfwihfCupsdgC fpC vrhwewfrfdCdvvwhwdihmCrfC or1wp,gC
gfdlgCwiCftdCgfdlgCedrswinCfpCl1pxdhfChpuledfwpiCrgCadeeCrgCv,f,1dC,ln1rsdgC
risCurwifdirihdC

hDC GtdC hpivwn,1rfwpiC fppeC gtreeC ydC hrlryedC pvC l1pn1ruuwinC ftdC M),wludifC
Tpif1peed1gDC
9(C GtdC hpivwn,1rfwpiC fppeC gtreeC l1powsdC ftdC hrlrywewfmC fpC hpivwn,1dcC

gwu,erfdcCrisChpuuwggwpiCftdCM),wludifCTpif1peed1gDC
R(C GtdChpivwn,1rfwpiCfppeCgtreeCreepaCftdCd),wludifChpif1peed1gCfpCydC1,iC

wiCYwu,erfwpiCSpsdCfpCod1wvmCftdCrllewhrfwpigDC
2(C GtdChpivwn,1rfwpiCfppeCgtreeChpifrwiCrCewy1r1mCpvCgfrisr1sCrllewhrfwpigC

fpCydC,gdsCvp1Chpivwn,1rfwpiDC
sDC GtdC TTGC gtreeC l1powsdC u,efwledC plfwpigC vp1C spaieprswinC vwedgC fpC ftdC

hpif1peed1gC wihe,swinC sw1dhfC aw1dscC aw1dedggC risC Mftd1idfC lrggC ft1,C rgC
swhfrfdsCymChpif1peed1CfmldCrisCephrfwpiDC
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RD'C POX6GCBMFPTMYC

WDC Hdid1reCUd),w1dudifgC
9DC PigfreerfwpicC fdgfwincC risC hrewy1rfwpiC pvC reeC gdigp1gcC f1riguwffd1gcC risC pftd1C wil,fC

sdowhdgCgtreeCydCl1powsdsCfpCuddfCftdCgmgfduC1d),w1dudifgDC

IDC Gduld1rf,1dCYdigp1gC
9DC Hdid1reCUd),w1dudifgqC

rDC Ydigp1gCrisCf1riguwffd1gCgtreeCydCl1powsdscCrgCp,fewidsCwiCftdCwil,f0p,fl,fC
g,uur1mCrisCgd),dihdCpvCpld1rfwpigDC

yDC GtdCfduld1rf,1dCgdigp1CgtreeCydCpvCftdC1dgwgfrihdCfmldCrisCgtreeCydCdwftd1C
fap aw1dC9555CptuCiwh:deCUGBcCp1Cfap aw1dC9555CptuClerfwi,uCUGBDC

hDC GtdCvpeepawinClpwifCfmldgCbrisCftdCrhh,1rhmCpvCdrht(Cr1dC1d),w1dscCrisCftdw1C
rggphwrfdsCrhh,1rhmCore,dgCwihe,sdCd11p1gCrggphwrfdsCawftCftdCgdigp1cCedrsC
aw1dcCrisCWCfpCBChpiod1gwpiqC

RDC UppuCGduld1rf,1dCYdigp1gC
rDC UppuCgdigp1gCgtreeCydChpigf1,hfdsCvp1Cdwftd1Cg,1vrhdCp1CareeCyp’Cup,ifwinDC
yDC UppuCgdigp1gCgtreeCtrodCftdCvpeepawinCplfwpigCatdiCgldhwvwdsqC

9(C YdfClpwifC1dgdfCl1powswinCrC®2Csdn1ddCbrsx,gfryed(C1rindDC
R(C Piswows,reCtdrfwin0hppewinCgdfClpwifCgewsdCgawfhtdgDC
2(C WC upudifr1mC pod11wsdC 1d),dgfC l,gtC y,ffpiC vp1C rhfworfwpiC pvC rvfd1 

tp,1gCpld1rfwpiDC
hDC X1powsdCswnwfreCswglermCpvCgdigdsCfduld1rf,1dDC

2DC Gtd1upCadeegC
rDC NtdiCftd1upCadeegCr1dC1d),w1dscCftdCgdigp1CrisCadeeCgtreeCydCg,llewdsCrgCrC

hpuledfdCrggduyemcCwihe,swinCadeetdrsCrisCH1ddivwdesCvwffwinDC
yDC Gtd1upCadeegCgtreeCydCl1dgg,1dC1rfdsCrisChpigf1,hfdsC wiCrhhp1srihdCawftC

ftdCgmgfduCap1:winCl1dgg,1dDC
hDC Gtd1upCadeegC risC gdigp1gC gtreeC ydCup,ifdsC wiC rC ft1drspedfC p1C 90R¼COjGC

grssedCrisCreepaCdrgmCrhhdggCfpCftdCgdigp1Cvp1C1dlrw1Cp1C1dlerhdudifDC
sDC Gtd1upCadeegCgtreeCydChpigf1,hfdsCpvC29/CgfrwiedggCgfddeDC

JDC -,fgwsdCWw1CYdigp1gC
rDC -,fgwsdC rw1C gdigp1gC gtreeC ydC sdgwnidsC fpC awftgfrisC ftdC diow1piudifreC

hpiswfwpigCfpCatwhtCftdmCaweeCydCd’lpgdsDCGtdmCgtreeCregpCydCl1powsdsCawftCrC
gper1CgtwdesDC

yDC Ydigp1gC d’lpgdsC fpC awisC odephwfmC l1dgg,1dgC gtreeC ydC gtwdesdsC ymC rC
ld1vp1rfdsClerfdCftrfCg,11p,isgCftdCgdigp1CdedudifDC

hDC Gduld1rf,1dC f1riguwffd1gCgtreeCydCpvCOMSWC2UChpigf1,hfwpiCrisC1rfdsCvp1C
ruywdifCfduld1rf,1dgDC

.DC B,hfCSp,ifCYdigp1gC
rDC B,hfCup,ifCgdigp1gCgtreeCup,ifC wiCriCdedhf1whreCyp’Cft1p,ntCrCtpedC wiCftdC

s,hfcC risC ydC lpgwfwpidsC gpC rgC fpC ydC drgwemC rhhdggwyedC vp1C 1dlrw1C p1C
1dlerhdudifDC

yDC B,hfC gdigp1gC gtreeC ydC wigd1fwpiC fmldC risC hpigf1,hfdsC rgC rC hpuledfdC
rggduyemcCwihe,swinCeph:Ci,fCrisCup,ifwinClerfdDC

hDC jp1C p,fspp1C rw1C s,hfC rllewhrfwpigcC rC adrftd1l1ppvC up,ifwinC yp’C awftC
adrftd1l1ppvChpod1CrisCnrg:dfCgtreeCydC,gdsDC

/DC Wod1rnwinCYdigp1gC
rDC jp1C s,hfap1:C n1drfd1C wiC rimC swudigwpiC ftrfC J=C wihtdgC ris0p1C atd1dC rw1C

fduld1rf,1dCgf1rfwvwhrfwpiCd’wgfgcCriCrod1rnwinCgdigp1CawftCu,efwledCgdigwinC
lpwifgCgtreeCydC,gdsDC
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yDC jp1Cledi,uCrllewhrfwpigcCg,htCrgCuw’dsCrw1Cfduld1rf,1dCudrg,1dudifgcCrC
gf1winCpvCgdigp1gCup,ifdsCrh1pggCftdCledi,uCgtreeCydC,gdsCfpCrhhp,ifCvp1C
gf1rfwvwhrfwpiC ris0p1C rw1C f,1y,edihdDC GtdC rod1rnwinC gf1winC gtreeC trodC rC
uwiwu,uCpvCJCgdigwinClpwifgCld1C9R vppfCepinCgdnudifDC

hDC Trlweer1mCg,llp1fgCrfCftdCgwsdgCpvCftdCs,hfCgtreeCydCl1powsdsCfpCg,llp1fCftdC
gdigwinCgf1winDC

TDC ,uwswfmCYdigp1gC
9DC GtdC gdigp1C gtreeC ydC rC gpews gfrfdC fmldcC 1derfwodC t,uwswfmC gdigp1C pvC ftdC I,e:C

Xpemud1CBdgwniDCGtdCgdigp1CdedudifCgtreeC1dgwgfCgd1owhdChpifruwirfwpiDC
RDC GtdC t,uwswfmC f1riguwffd1C gtreeC ydC d),wlldsC awftC ipi wifd1rhfwodC glriC risC 7d1pC

rsx,gfudifgcC rC R aw1dC wgperfdsC epplC lpad1dscC J R5C uWcC 5 955ZC ewidr1C
l1plp1fwpireCp,fl,fDC

2DC GtdCt,uwswfmCf1riguwffd1CgtreeCuddfCftdCvpeepawinCpod1reeCrhh,1rhmcCwihe,swinCedrsC
epggCrisCWirepnCfpCBwnwfreChpiod1gwpiDC2ZCydfaddiCR5ZCrisC=5ZCUC%C''CBdnC
jC,iedggCgldhwvwdsCdegdatd1dDC

JDC -,fgwsdC rw1C 1derfwodC t,uwswfmC gdigp1gC gtreeC ydC wigfreedsC awftC rC 1rwiC l1ppvcC
ld1vp1rfdsChpod1DCGtdCf1riguwffd1CgtreeCydCwigfreedsCwiCrCOMSWC2UCdihepg,1dCawftC
gdrefwfdCvwffwingCrisCgfrwiedggCgfddeCy,gtwingDC

.DC WC gwinedC lpwifC t,uwswfmC hrewy1rfp1C gtreeC ydC l1powsdscC wvC 1d),w1dscC vp1C vwdesC
hrewy1rfwpiDCG1riguwffd1gCgtreeCydCgtwlldsCvrhfp1mCl1d hrewy1rfdsDC

/DC B,hfC fmldCgdigwinCl1pydgCgtreeCydChpigf1,hfdsCpvC25JCgfrwiedggCgfddecCrisCgtreeC
ydCd),wlldsCawftCrCidpl1didCn1puudfcCy,gtwingcCrisCrCup,ifwinCy1rh:dfDC

BDC Tr1ypiCBwp’wsdCYdigp1gC
9DC B,hfCSp,ifdsC

rDC Ydigp1C gtreeC ydC 1dupfd up,ifdsC swvv,gwpi rglw1rfdscC gwined ydruC s,re 
arodedinftC gdigp1C fmldC awftC Piv1r1dsC bPU(C gp,1hdcC gruledC hdeecC f,iryed 
wifd1vd1dihdCvwefd1cCrisCPUCsdfdhfp1DCDCCC

yDC YdigwinChdeeCgtreeCydCl1powsdsCawftCftw1fmCb25(CwihtChryedCvp1Cs,hfCup,ifwinDCCC
hDC Ydigp1C gtreeC l1ps,hdC ewidr1C rirepnC 5 9C FpefC BTcC J R5C SWcC risC ywir1mC

rsx,gfryedCgawfhtClpwifCvp1uCTCp,fl,fgDCCC
sDC UrindCgtreeCydC5 R555Clr1fgCld1CuweewpiCawftCrhh,1rhmCpvCfapCbR(Cld1hdifDCCC
dDC Ydigp1C gtreeC ydC up,ifdsC wiC adrftd1C fwntfC dihepg,1dC awftC vp1fm pidC bJ9(C

sdn1ddCjrt1ditdwfCfpC95JCsdn1ddCjrt1ditdwfCpld1rfwinCfduld1rf,1dDC
vDC Ydigp1CgtreeCydChrlryedCpvCurwifrwiwinChrewy1rfwpiCawftwiCRZCvp1CrCpidCmdr1C

ld1wpsCpvCpld1rfwpiDC
RDC NreeCSp,ifdsC

rDC Ydigp1C gtreeC ydC aree up,ifdsC swvv,gwpi rglw1rfdscC gwined ydruC s,re 
arodedinftC gdigp1C fmldC awftC Piv1r1dsC bPU(C gp,1hdcC gruledC hdeecC f,iryed 
wifd1vd1dihdCvwefd1cCrisCPUCsdfdhfp1DCDCCC

yDC YdigwinChdeeCgtreeCydCl1powsdsCawftCftw1fmCb25(CwihtChryedCvp1Cs,hfCup,ifwinDCCC
hDC Ydigp1C gtreeC l1ps,hdC ewidr1C rirepnC 5 9C FpefC BTcC J R5C SWcC risC ywir1mC

rsx,gfryedCgawfhtClpwifCvp1uCTCp,fl,fgDCCC
sDC UrindCgtreeCydC5 R555Clr1fgCld1CuweewpiCawftCrhh,1rhmCpvCfapCbR(Cld1hdifDCCC
dDC Ydigp1C gtreeC ydC up,ifdsC wiC adrftd1C fwntfC dihepg,1dC awftC vp1fm pidC bJ9(C

sdn1ddCjrt1ditdwfCfpC95JCsdn1ddCjrt1ditdwfCpld1rfwinCfduld1rf,1dDC
vDC Ydigp1CgtreeCydChrlryedCpvCurwifrwiwinChrewy1rfwpiCawftwiCRZCvp1CrCpidCmdr1C

ld1wpsCpvCpld1rfwpiDC

MDC Bwvvd1difwreCX1dgg,1dCG1riguwffd1gC
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9DC Hdid1reCWw1CrisCNrfd1CX1dgg,1dCG1riguwffd1CUd),w1dudifgqC
rDC X1dgg,1dC f1riguwffd1gC gtreeC ydC hpigf1,hfdsC fpC awftgfrisC 955ZC l1dgg,1dC

pod1 1rindCawftp,fCsrurndcCrisCfpCtpesChrewy1rfdsCrhh,1rhmCatdiCg,yxdhfC
fpCrCupudifr1mCJ5ZCpod1 1rindCwil,fDC

yDC X1dgg,1dCf1riguwffd1gCgtreeCf1riguwfCrC5CfpC.CFBTcC5CfpC95CFBTcCp1CJCfpCR5C
uWCp,fl,fCgwnireDC

hDC Bwvvd1difwreCl1dgg,1dCf1riguwffd1gC,gdsCvp1CvepaCudrg,1dudifCgtreeCydCgw7dsC
fpCftdCvepaCgdigwinCsdowhdcCrisCgtreeCydCg,llewdsCawftCGddCvwffwingCrisCgt,f 
pvvCoreodgC wiCftdCtwntCrisCepaCgdigwinClwh: ,lCewidgCfpCreepaCftdCyrerihwinC
Tpif1rhfp1CrisC-aid1Cld1uridifcCdrgm fp ,gdChpiidhfwpiDC

sDC WC uwiwu,uC pvC rC OMSWC 9C tp,gwinC gtreeC ydC l1powsdsC vp1C ftdC f1riguwffd1DC
G1riguwffd1gC gtreeC ydC ephrfdsC wiC rhhdggwyedC ephreC hpif1peC lridegCatd1dod1C
lpggwyedDC

RDC EpaCBwvvd1difwreCNrfd1CX1dgg,1dCWllewhrfwpigCb5¼C CR5¼CaDhD(C
rDC GtdC swvvd1difwreC l1dgg,1dC f1riguwffd1C gtreeC ydC pvC wis,gf1wreC ),rewfmC risC

f1riguwfCrC ewidr1cCJCfpCR5CuWCp,fl,fC wiC1dglpigdCfpCor1wrfwpiCpvC vepaCudfd1C
swvvd1difwreCl1dgg,1dCp1Carfd1Cl1dgg,1dCgdigwinClpwifgDC

yDC GtdC swvvd1difwreC l1dgg,1dC f1riguwffd1C gtreeC trodC ipi wifd1rhfwodC 7d1pC risC
glriCrsx,gfudifgCftrfCr1dCrsx,gfryedCv1puCftdCp,fgwsdChpod1CrisCuddfCftdC
vpeepawinCld1vp1urihdCgldhwvwhrfwpigqC

hDC D59 R5¼CaDhDCwil,fCswvvd1difwreCl1dgg,1dC1rindDC
sDC J R5CuWCp,fl,fDC
dDC SrwifrwiCrhh,1rhmC,lCfpCR5CfpC9C1rfwpCf,1ispaiDC
vDC Udvd1dihdCWhh,1rhmqC®5DRZCpvCv,eeCglriDC

2DC Sdsw,uCfpCwntCBwvvd1difwreCNrfd1CX1dgg,1dCWllewhrfwpigCb-od1CR9¼CaDhD(C
rDC GtdCswvvd1difwreCl1dgg,1dCf1riguwffd1CgtreeCuddfCftdCepaCl1dgg,1dCf1riguwffd1C

gldhwvwhrfwpigCawftCftdCvpeepawinCd’hdlfwpigqC
9(C Bwvvd1difwreCl1dgg,1dC1rindC95¼CaDhDCfpC255CXYPDC
R(C Udvd1dihdC Whh,1rhmqC ®9ZC pvC v,eeC glriC bwihe,sdgC ipi ewidr1wfmcC

tmgfd1dgwgcCrisC1dldrfrywewfm(DC
yDC YfrisrepidC l1dgg,1dC f1riguwffd1gC gtreeC ydC up,ifdsC wiC rC ymlrggC oreodC

rggduyemClrideDCGtdClrideCgtreeCydChpigf1,hfdsCfpCOMSWC9Cgfrisr1sgDCGtdC
f1riguwffd1C gtreeC ydC wigfreedsC wiC ftdC lrideC awftC twntC risC epaC hpiidhfwpigC
lwldsCrisCoreodsDCWw1CyeddsC,iwfgcCymlrggCoreodgcCrisChpul1dggwpiCvwffwingC
gtreeCydCl1powsdsDC

JDC I,weswinCBwvvd1difwreCWw1CX1dgg,1dCWllewhrfwpigCb 9¼CfpC®9¼CaDhD(C
rDC GtdC swvvd1difwreC l1dgg,1dC f1riguwffd1C gtreeC ydC pvC wis,gf1wreC ),rewfmC risC

f1riguwfCrC ewidr1cCJCfpCR5CuWCp,fl,fC wiC1dglpigdCfpCor1wrfwpiCpvCswvvd1difwreC
l1dgg,1dCp1Crw1Cl1dgg,1dCgdigwinClpwifgDC

yDC GtdC swvvd1difwreC l1dgg,1dC f1riguwffd1C gtreeC trodC ipi wifd1rhfwodC 7d1pC risC
glriCrsx,gfudifgCftrfCr1dCrsx,gfryedCv1puCftdCp,fgwsdChpod1CrisCuddfCftdC
vpeepawinCld1vp1urihdCgldhwvwhrfwpigqC
9(C  9D55C fpC®9D55CaDhDC wil,fC swvvd1difwreC l1dgg,1dC 1rindgDC bYdedhfC 1rindC

rll1pl1wrfdCvp1CgmgfduCrllewhrfwpi(C
R(C J R5CuWCp,fl,fDC
2(C SrwifrwiCrhh,1rhmC,lCfpCR5CfpC9C1rfwpCf,1ispaiDC
J(C Udvd1dihdCWhh,1rhmqC®5DRZCpvCv,eeCglriDC

.DC EpaCBwvvd1difwreCWw1CX1dgg,1dCWllewhrfwpigCb5¼CfpC.¼CaDhD(C
rDC GtdC swvvd1difwreC l1dgg,1dC f1riguwffd1C gtreeC ydC pvC wis,gf1wreC ),rewfmC risC

f1riguwfCrC ewidr1cCJCfpCR5CuWCp,fl,fC wiC1dglpigdCfpCor1wrfwpiCpvCswvvd1difwreC
l1dgg,1dCp1Crw1Cl1dgg,1dCgdigwinClpwifgDC
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yDC GtdC swvvd1difwreC l1dgg,1dC f1riguwffd1C gtreeC trodC ipi wifd1rhfwodC 7d1pC risC
glriCrsx,gfudifgCftrfCr1dCrsx,gfryedCv1puCftdCp,fgwsdChpod1CrisCuddfCftdC
vpeepawinCld1vp1urihdCgldhwvwhrfwpigqC
9(C b5D55C C9D55¼CfpC.D55¼(CaDhDCwil,fCswvvd1difwreCl1dgg,1dC1rindgDCbYdedhfC

1rindCrll1pl1wrfdCvp1CgmgfduCrllewhrfwpiD(C
R(C J R5CuWCp,fl,fDC
2(C SrwifrwiCrhh,1rhmC,lCfpCR5CfpC9C1rfwpCf,1ispaiDC
J(C Udvd1dihdCWhh,1rhmqC®5DRZCpvCv,eeCglriDC

/DC Sdsw,uCBwvvd1difwreCWw1CX1dgg,1dCWllewhrfwpigCb.¼CfpCR9¼CaDhD(C
rDC GtdC l1dgg,1dC f1riguwffd1C gtreeC ydC gwuwer1C fpC ftdC EpaC Ww1C X1dgg,1dC

G1riguwffd1cCd’hdlfCftrfCftdCld1vp1urihdCgldhwvwhrfwpigCr1dCipfCrgCgdod1dDC
Bwvvd1difwreCl1dgg,1dCf1riguwffd1gCgtreeCydCl1powsdsCftrfCuddfCftdCvpeepawinC
ld1vp1urihdC1d),w1dudifgqC
9(C +d1pC @C glriqC bh0pC jDYD0BdnDC j(qC D5JZC wihe,swinC ewidr1wfmcC tmgfd1dgwgC

risC1dldrfrywewfmDC
R(C Whh,1rhmqC 9ZC jDYDC bydgfC gf1rwntfC ewid(C YfrfwhC X1dgg,1dC MvvdhfqC 5D.ZC

jDYDCbfpC955CXYPHDC
2(C Gtd1ureC MvvdhfgqC &®D522C jDYD0BdnDC jDC pod1C J5<jDC fpC 955<jDC

bhrewy1rfdsCrfC'5<jD(DC
yDC YfrisrepidC l1dgg,1dC f1riguwffd1gC gtreeC ydC up,ifdsC wiC rC ymlrggC oreodC

rggduyemClrideDCGtdClrideCgtreeCydChpigf1,hfdsCfpCOMSWC9Cgfrisr1sgDCGtdC
f1riguwffd1C gtreeC ydC wigfreedsC wiC ftdC lrideC awftC twntC risC epaC hpiidhfwpigC
lwldsCrisCoreodsDCWw1CyeddsC,iwfgcCymlrggCoreodgcCrisChpul1dggwpiCvwffwingC
gtreeCydCl1powsdsDC

jDC Ww1CjepaCSpiwfp1winC CjriCPiedfCWw1vepaCSdrg,1winCYfrfwpiCbWjSY(C
9DC Y,yxdhfC fpC hpulewrihdC awftC reeC 1d),w1dudifgC pvC ftwgC gdhfwpicC l1powsdC MIGU-OcC

PihDCSpsdeCHG’95= jCbyrgwgCpvCsdgwni(Cp1Crll1podsCd),reDC
RDC Ww1vepaCudrg,1dudifC sdowhdgC gtreeC ,gdC ftdC l1wihwledC pvC ftd1ureC swgld1gwpiC risC

l1powsdC pidC gdev tdrfdsC ydrs wi nerggC ftd1uwgfp1C risC pidC 7d1pC lpad1C ydrs wi 
nerggCftd1uwgfp1CrfCdrhtCgdigwinCipsdDC
rDC Gtd1ureC swgld1gwpiC sdowhdgC ftrfC wisw1dhfemC tdrfC rC ftd1uwgfp1C r1dC ipfC

rhhdlfryedDC
yDC Fp1fd’C gtdsswinC rw1vepaC udrg,1dudifC sdowhdgcC lwfpfC f,ydgcC lwfpfC r11rmgcC

lwd7p 1wingC risC pftd1C swvvd1difwreC l1dgg,1dC udrg,1dudifC sdowhdgC r1dC ipfC
rhhdlfryedDC

2DC Hdid1reC
rDC X1powsdC pidCWSBC vp1C drhtCudrg,1dudifC ephrfwpiC l1powsdsC piC ftdC lerigcC

ghtds,edgC ris0p1C hpif1peC swrn1rugC fpC sdfd1uwidC ftdC rod1rndC rw1vepaC 1rfdC
risCfduld1rf,1dCpvCdrhtCvriCrfCdrhtCudrg,1dudifCephrfwpiDCC

yDC MrhtCWSBCgtreeCydCl1powsdsCawftCrCuwh1pl1phdggp1 yrgdsCf1riguwffd1CrisC
pidCp1Cup1dCgdigp1Cl1pydgDCCC
9(C BdowhdgC ftrfCtrodCdedhf1piwhCgwnireCl1phdggwinChpulpidifgCpiCp1C wiC

ftdCgdigp1Cl1pydCr1dCipfCrhhdlfryedDC
hDC Ww1vepaCudrg,1dudifCgtreeCydC vwdesChpivwn,1ryedC fpCsdfd1uwidC ftdCrod1rndC

rhf,reCp1Cgfrisr1sCurggCrw1vepaC1rfdDC
9(C Whf,reCrw1vepaC1rfdChreh,erfwpigCgtreeCtrodCftdChrlrywewfmCpvCydwinCvwdesC

rsx,gfdsCymCftdCf1riguwffd1Cvp1Crefwf,sdgCpftd1CftriCgdrCedodeDC
sDC Gduld1rf,1dC p,fl,fC gtreeC ydC vwdesC hpivwn,1ryedC fpC l1powsdC dwftd1C ftdC

odephwfm adwntfdsC s,hfC rod1rndC fduld1rf,1dC p1C gwuledC r1wftudfwhC rod1rndC
fduld1rf,1dDC
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JDC Ydigp1CX1pydgC
rDC MrhtC gdigp1C l1pydC gtreeC hpigwgfC pvC pidC gdigp1C ipsdC up,ifdsC piC rC 25JC

gfrwiedggCgfddeCyeph:CawftCfapCrsx,gfryedC7wihClerfdsCgfddeC1psgChpiidhfdsCfpC
25JCgfrwiedggCgfddeClwopfwinCup,ifwinCvddfDCC

yDC Ydigp1CipsdCwifd1ireCaw1winChpiidhfwpigCgtreeCydCgdredsCrisCl1pfdhfdsCv1puC
ftdCdedudifgCrisCg,wfryedCvp1Csw1dhfCd’lpg,1dCfpCarfd1DC

hDC MrhtCgdigp1Cl1pydCgtreeCydCl1powsdsCawftCriCwifdn1recCjMXCxrh:dfcCledi,uC
1rfdsCTSX0TERXcC6E0h6ECEwgfdsC hryedC 1rfdsC vp1Cd’lpg,1dgC v1puC  /'jC fpC
23RjCrisChpifwi,p,gCrisCsw1dhfC6FCd’lpg,1dDC
9(C Xedi,uC1rfdsCXFTCxrh:dfChryedgCr1dCipfCrhhdlfryedDC

sDC MrhtCgdigp1Cl1pydChryedCgtreeCydCl1powsdsCawftCrChpiidhfp1Cle,nCawftCnpesC
lerfdsClwigCvp1ChpiidhfwpiCfpCftdCf1riguwffd1DC

dDC Ydigp1CipsdCrw1vepaCrisC fduld1rf,1dChrewy1rfwpiCsrfrCgtreeCydCgfp1dsC wiCrC
gd1wreCudup1mChtwlC wiCftdChryedChpiidhfwinCle,nCrisCipfC1d),w1dCurfhtwinC
p1Crsx,gfudifgCfpCftdCf1riguwffd1DC

vDC MrhtC gdigp1C ipsdC gtreeC ydC l1powsdsCawftC fapC ydrs wi nerggcC td1udfwhreemC
gdredsCftd1uwgfp1gClpffdsCwiCrCur1widCn1rsdCarfd1l1ppvCdlp’mDCCCCC
9(C BdowhdgC ftrfC ,gdC dlp’mC p1C nerggC dihrlg,erfdsC htwlC ftd1uwgfp1gC r1dC

ipfCrhhdlfryedDC
nDC MrhtC ftd1uwgfp1C gtreeC ydC wiswows,reemC hrewy1rfdsC rfC rC uwiwu,uC pvC 2C

fduld1rf,1dgCfpCOPYG f1rhdryedCfduld1rf,1dCgfrisr1sgDCC
tDC MrhtCgdigp1CipsdCgtreeCydCwiswows,reemChrewy1rfdsCfpCOPYG f1rhdryedCrw1vepaC

gfrisr1sgCrfCrCuwiwu,uCpvC9/Chrewy1rfwpiClpwifgDC
wDC GtdCi,uyd1CpvCwisdldisdifCgdigp1CipsdgCl1powsdsCgtreeCydCrgCvpeepagqC

9(C YNYPCrisCBNBPC vrigqCRCl1pydgC’C9Cgdigp1Cipsd0ld1Cl1pydC wiCdrhtC
vriCwiedfC

R(C jriCW11rmgCbRCfpCJCvrig(qC
r(C RCl1pydgC’C9Cgdigp1CipsdCld1Cl1pydCwiCdrhtCvriCwiedfCC

2(C jriCW11rmgCb.CfpC=Cvrig(qC9Cl1pydC’C9Cgdigp1CipsdCld1Cl1pydCwiCdrhtC
vriCwiedfDC

.DC G1riguwffd1C
rDC WC1dupfdemCephrfdsCuwh1pl1phdggp1 yrgdsCf1riguwffd1CgtreeCydCl1powsdsCvp1C

drhtCudrg,1dudifCephrfwpiDC
yDC GtdC f1riguwffd1C gtreeC ydC hpul1wgdsC pvC rC urwiC hw1h,wfC ypr1sC risC

wifd1htrindryedCwifd1vrhdChr1sDC
hDC WeeCl1wifdsChw1h,wfCypr1sCwifd1hpiidhfgcCdsndCvwind1gcCrisCfdgfClpwifgCgtreeCydC

npesClerfdsDCCC
sDC WeeCl1wifdsChw1h,wfCypr1sgCgtreeCydCdedhf1pedggCiwh:deCwuud1gwpiCnpesCbMOPH(C

lerfdsDC
dDC WeeC1dhdlfrhedCle,nClwigCgtreeCydCnpesClerfdsDC
vDC GtdC f1riguwffd1C gtreeC ydC hrlryedC pvC sdfd1uwiwinC ftdC rod1rndC rw1vepaC 1rfdC

risCfduld1rf,1dCpvCdrhtCvriDCCC
9(C Ydlr1rfdC wifdn1rfwpiC y,vvd1gC gtreeC ydC l1powsdsC vp1C swglermC rw1vepaC

p,fl,fcC rw1vepaC gwnireC p,fl,fC brirepnC risC idfap1:(C risC wiswows,reC
gdigp1Cp,fl,fCbPU wifd1vrhd(DC

nDC GtdC f1riguwffd1C gtreeC trodC gfr1f,lC vw1uar1dC fpC vrhwewfrfdC gdf,lC pvC u,efwledC
vrigCrisCvriCr1drgDC

tDC GtdC f1riguwffd1C gtreeC ydC hrlryedC pvC l1powswinC rC twntC ris0p1C epaC rw1vepaC
rer1uDC

wDC GtdCf1riguwffd1CgtreeCydChrlryedCpvCl1powswinCwiswows,reCvriCrer1uwinCpiCvriC
r11rmChpivwn,1rfwpigDC
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xDC GtdCf1riguwffd1CgtreeCydChrlryedCpvCwsdifwvmwinCriCWSBCurev,ihfwpiCowrCftdC
gmgfduCgfrf,gCrer1uCrisCwnip1dCrimCgdigp1CipsdCftrfCwgCwiCrCvr,efChpiswfwpiDC

:DC GtdCf1riguwffd1CgtreeCydCl1powsdsCawftCrC9/ htr1rhfd1cCreltr i,ud1whcCETBC
swglermDC
9(C GtdCfpfreCrw1vepaC1rfdcCfduld1rf,1dcCrw1vepaCrer1ucCwiswows,reCvriCrer1uC

risCgmgfduCgfrf,gCrer1uCgtreeCydCowgwyedCpiCftdCswglermDC
eDC GtdCf1riguwffd1CgtreeCydCl1powsdsCawftCfapCvwdesCgdedhfryedCb5 .05 95CFBTCp1C

J R5uW(cC ghreryedcC wgperfdsC risC pod1 h,11difC l1pfdhfdsC rirepnC p,fl,fC
gwniregCrisCdwftd1qC
9(C pidC wgperfdsC UY J=.C bvwdesC gdedhfryedC IWTidfC SY0GXC p1C Spsy,gC

UG6(Cidfap1:Chpiidhfwpi8Cp1C
R(C pidCwgperfdsCMftd1idfCbgwu,efridp,gemCg,llp1fdsCIWTidfCMftd1idfCp1C

IWTidfC PXcC Spsy,gC GTXC risC GTX0PX(C idfap1:C hpiidhfwpiDC OpfdqC
EpiNp1:gChrlryedCupsdegCgtreeCydCl1powsdsCawftp,fCrirepnCp,fl,fgDC

uDC WirepnC gwnireC hrlrywewfmC gtreeC wihe,sdC fapC p,fl,fC fd1uwiregqC ftdC vw1gfcC gtreeC
l1powsdC ftdC fpfreC rw1vepaC 1rfd8C atwedC ftdC gdhpisC p,fl,fC gtreeC ydC vwdesC
hpivwn,1ryedCfpCl1powsdCpidCpvCftdCvpeepawinqC
9(C fduld1rf,1dC
R(C rw1vepaCrer1uC
2(C wiswows,reCvriCrer1u8Cp1C
J(C gmgfduCgfrf,gCrer1uCCC

iDC Odfap1:C hpuu,iwhrfwpigC gtreeC l1powsdqC ftdC fpfreC rw1vepaC 1rfdcC rod1rndC
fduld1rf,1dcC wiswows,reC vriC rw1vepaC 1rfdgcC wiswows,reC vriC fduld1rf,1dgcC
rw1vepaCrer1ucC wiswows,reC vriCrer1ucCgmgfduCgfrf,gCrer1ucC wiswows,reC gdigp1C
ipsdCrw1vepaC1rfdgcCwiswows,reCgdigp1CipsdCfduld1rf,1dgCrisCvriCwiedfCr1drDC

pDC GtdC f1riguwffd1C gtreeC ydC lpad1dsC ymC RJCFWTCrisC ,gdC rC gawfhtwinC lpad1C
g,llemCftrfCwgCpod1 h,11difCrisCpod1 opefrndCl1pfdhfdsDCCC

lDC GtdC f1riguwffd1C gtreeC ,gdC rC ;arfhtspn¼C fwud1C hw1h,wfC fpC dig,1dC hpifwi,p,gC
pld1rfwpiCwiCftdCdodifCpvCy1pai p,fCris0p1Clpad1Cvrwe,1dDC

/DC Xd1vp1urihdC
rDC MrhtCgdigwinCipsdCgtreeCtrodCriCrw1vepaCrhh,1rhmCpvC°RZCpvC1drswinCpod1C

riCpld1rfwinC1rindCpvC5CfpC95c555CjXSDC
9(C Whh,1rhmCgtreeCwihe,sdCftdChpuywidsC,ihd1frwifmCpvCftdCgdigp1CipsdgC

risCf1riguwffd1DC
r(C BdowhdgC atpgdC pod1reeC rhh,1rhmC wgC yrgdsC piC wiswows,reC

rhh,1rhmC gldhwvwhrfwpigC pvC ftdC gdigp1C l1pydgC risC f1riguwffd1C
gtreeC sdupigf1rfdC hpulewrihdC awftC ftwgC 1d),w1dudifC pod1C ftdC
difw1dCpld1rfwinC1rindDC

yDC MrhtCgdigwinCipsdCgtreeCtrodCrCfduld1rf,1dCrhh,1rhmCpvC°5D9.CjCpod1CriC
pld1rfwinC1rindCpvC R5CjCfpC9/5CjDC

'DC PigfreeCwiCrhhp1srihdCawftCuri,vrhf,1d1kgClerhdudifCrisCwigfreerfwpiCn,wsdewidgDCCC

HDC Ww1CjepaCSpiwfp1winC“C-,fspp1CWw1CppsC
9DC X1powsdC rw1vepaC fduld1rf,1dCudrg,1dudifC sdowhdC vp1C wigfreerfwpiC wiC ftdC p,fspp1C

rw1CtppsCbawftCrsx,gfryedCgfrispvv(CpvC1ppvfplClrh:rndsCrw1CtrisewinC,iwfDCCX1powsdC
atd1dCwiswhrfdsCpiCftdCs1rawingcC,lgf1druCpvCftdCp,fspp1Csruld1DCCC

RDC MrhtC udrg,1winC sdowhdC gtreeC hpigwgfC pvC pidC p1C up1dC u,efw lpwifC udrg,1winC
l1pydgC risC rC gwinedC uwh1pl1phdggp1 yrgdsC f1riguwffd1DC MrhtC f1riguwffd1C gtreeC
pld1rfdCpiCRJFWTDC
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2DC MrhtC gdigwinC lpwifC gtreeC wisdldisdifemC sdfd1uwidC ftdC rw1vepaC 1rfdC risC
fduld1rf,1dcC atwhtC gtreeC ydC d),reemC adwntfdsC risC rod1rndsC ymC ftdC f1riguwffd1C
l1wp1CfpCp,fl,fDC

JDC Hdid1reC
rDC X1pydCrisCYdigp1COpsdCTpivwn,1rfwpigC

9(C 9Cl1pydC’C9Cgdigp1CipsdC
R(C RCl1pydgC’C9Cgdigp1Cipsd0l1pydC

yDC PigfreedsCWw1vepaCWhh,1rhmC
9(C PiC-ldiwingCEdggCp1CM),reCfpC=Cg)DvfDqC°b2ZCfpC9.Z(cCfmlwhreDC
R(C PiC-ldiwingCH1drfd1CGtriCC=Cg)DvfDqCOpfC1dhpuudisdsDC

hDC Ydigp1COpsdCWod1rnwinCSdftpsC
9(C Ww1vepaqC PisdldisdifC br1wftudfwhCrod1rndCpiCRCgdigp1Chpivwn,1rfwpigC

wigfreedsCrfCrCgwinedCudrg,1dudifCephrfwpi(DC
R(C Gduld1rf,1dqC PisdldisdifcC odephwfmC adwntfdsC rod1rndC piC RC gdigp1C

hpivwn,1rfwpigCwigfreedsCrfCrCgwinedCudrg,1dudifCephrfwpiDC
sDC EwgfwingCrisCTpulewrihdC

9(C 6EqC /5'25 9cC /5'25 R 38C TWOCM/5'25 9cC M/5'25 R 3C bMj WR555 6C
-iem(DC

R(C jTTqCGtwgCsdowhdChpulewdgCawftCXr1fC9.CpvCftdCjTTC1,edgDC
2(C UpYqCGtwgCsdowhdCwgCUpYRChpulewrifDC

dDC Miow1piudifreCEwuwfgC
9(C Gduld1rf,1dqC

r(C X1pydgC5CfpCRc555CvluqCC R5CfpC9/5C±jDC
y(C X1pydgC5CfpC2c555CvluqCC5CfpC9/5C±jCDC
h(C G1riguwffd1qC R5CfpC9R5C±jDC

R(C ,uwswfmqCbipi hpisdigwin(DC
r(C X1pydgqC5CfpC955ZDC
y(C G1riguwffd1qC.CfpC3.ZDC

.DC Piswows,reCYdigwinCOpsdgC
rDC YdigwinCOpsdCYdigp1gC

9(C Ydev tdrfdsC gdigp1qC X1dhwgwpicC td1udfwhreemC gdredscC ydrs wi nerggC
ftd1uwgfp1Cl1pydDC

R(C Gduld1rf,1dC gdigp1qC X1dhwgwpicC td1udfwhreemC gdredscC ydrs wi nerggC
ftd1uwgfp1Cl1pydDC

yDC YdigwinCOpsdCp,gwinC
9(C Srfd1wreqCHergg vweedsCXpeml1plmedidDC
R(C Ydigp1CXpffwinCSrfd1wregqCNrfd1l1ppvCur1widCdlp’mDC

hDC YdigwinCOpsdCPifd1ireCNw1winC
9(C GmldqCQmir1–ChprfdsChplld1DC

sDC Ww1vepaCSdrg,1dudifC
9(C Whh,1rhmqC °2ZC pvC 1drswinC bfmlwhre(cC JZC ur’DC fpC OPYG f1rhdryedC

rw1vepaCgfrisr1sgCbwihe,sdgCf1riguwffd1C,ihd1frwifm(DC
R(C Trewy1rfdsCUrindqC5CfpC2c555CvluDC
2(C Trewy1rfwpiCXpwifgqC'DC

dDC Gduld1rf,1dCSdrg,1dudifC
9(C Whh,1rhmqC °5D9.C ±jC fpC OPYG f1rhdryedC fduld1rf,1dC gfrisr1sgC

bwihe,sdgCf1riguwffd1C,ihd1frwifm(DC
/DC Ydigp1CX1pydCWggduyemC

rDC G,ydC
9(C Srfd1wreqCSweeCvwiwgtC/5/2Cre,uwi,uDC

yDC Sp,ifwinCI1rh:dfgC



HGTC CT-ONWACT-YSMG-E-HACMLXWOYP-OCIEBHDC.550/55C
C

I6PEBPOHCW6G-SWGP-OCWOBCGMSXMUWG6UMCT-OGU-ECYAYGMSC R25355C C2.C

9(C Srfd1wreqC25JCgfrwiedggCgfddeDC
hDC Sp,ifwinCGmldC@C-od1reeCX1pydCEdinftC

9(C Pigd1fwpiqC/cC=Cp1C9/CwiDCbrsx,gfryed(DC
R(C Yfris pvvqC/cC=Cp1C9/CwiDCbrsx,gfryed(DC

sDC X1pydCfpCG1riguwffd1CTryedgC
9(C GmldqC jMXC xrh:dfcC ledi,uC 1rfdsC TSX0TERXcC 6E0h6EC ewgfdscC  /'C fpC

25RC±jcC6FCfped1rifDC
R(C Yfrisr1sCEdinftgqC95cCR.CrisC.5CvfDC
2(C TpiidhfwinCXe,nqC5D/5¼CipuwireCswrudfd1DC

'DC G1riguwffd1C
rDC Xpad1CUd),w1dudifqCRJCFWTCbRRD=CfpCR/DJC,isd1Ceprs(C%=F WDC
yDC 6gd1CPifd1vrhdqC9/ htr1rhfd1CETBCswglermCrisCJCy,ffpiCwifd1vrhdDC
hDC IWYCTpiidhfwowfmqC

9(C Mj OR555C G1riguwffd1qC -idC vwdesC gdedhfryedC bIWTidfC SY0GXC p1C
Spsy,gC UG6(C risC ipi wgperfdsC UY J=.C idfap1:C hpiidhfwpiDCC
Piswows,reC gdigp1C ipsdC rw1vepaC 1rfdgC risC fduld1rf,1dgC gtreeC ydC
rorweryedCowrCftdCidfap1:Cbl1powsdCwiswows,reCRJCFWTCf1rigvp1ud1gCvp1C
drhtC Mj OR555C f1riguwffd1C vp1C rllewhrfwpigC 1d),w1winC wgperfdsC UY 
J=.(DC

sDC UdermC
9(C GmldqC B1mC TpifrhfC a0C piypr1sC x,uld1C fpC s1wodC rC 1dupfdC EMBC

bU9”rer1u(DC
R(C Yfrf,gqCOD-DCp1CODTDCowrC,gd1Cgdf,lChpivwn,1rfwpiDC
2(C UrfwinqC25CFBTCp1CRJCFWTC%C2CrulDCur’DC

dDC Ww1vepaCWer1uC
9(C GmldqCEpaCris0p1CtwntC,gd1CsdvwidsCgdflpwifCrer1uDC
R(C Gped1rihdqC6gd1CsdvwidsCZCpvCgdflpwifDC
2(C BdermqC6gd1CsdvwidsDC
J(C +d1pCBwgryedqCWer1uChriCydCswgryedsCatdiCftdCrw1vepaC1rfdCvreegCydepaC

ftdCepaCewuwfCh,fpvvCore,dCb,iphh,lwdsCld1wpsg(DC
.(C UdgdfCSdftpsqCSri,reCp1Cr,fpurfwhDC
/(C Fwg,reCPiswhrfwpiqCAdgcCETBCswglermDC
'(C Odfap1:CPiswhrfwpiqCAdgCbMj OR555Cpiem(DC
=(C WirepnCYwnireCPiswhrfwpiqCAdgcCpiCW-RCrggwniudifCbMj WR555Cpiem(DC
3(C TpifrhfCTepg,1dCUdermqCAdgcCpiCU9CrggwniudifDC

vDC YmgfduCYfrf,gCWer1uC
9(C GmldqCYdigp1CswrnipgfwhCgmgfduCf1p,yedCwiswhrfwpiDC
R(C Fwg,reCPiswhrfwpiqCAdgcCETBCswglermDC
2(C Odfap1:CPiswhrfwpiqCAdgCbMj OR555Cpiem(DC
J(C WirepnCYwnireCPiswhrfwpiqCAdgcCpiCW-RCrggwniudifCbMj WR555Cpiem(DC
.(C TpifrhfCTepg,1dCUdermqCAdgcCpiCU9CrggwniudifDC

=DC PigfreeCwiCrhhp1srihdCawftCuri,vrhf,1d1kgClerhdudifCrisCwigfreerfwpiCn,wsdewidgDC
3DC IrgwgCpvCBdgwniqCMyf1piCMI jepaCPPCMj ’R555 6C

DC Orf,1reCHrgCSdfd1gC
9DC Irgwg pv BdgwniC X1ps,hfqC C Y,yxdhfC fpC hpulewrihdC awftC 1d),w1dudifgcC l1powsdC

-OPT-OCj .555Cp1Chpulr1ryedCl1ps,hfCymCpidCpvCftdCvpeepawinqC
rDC TpurfdCPifdeewndifCYdigp1CTpDcCEfsC
yDC -OPT-OCPihp1lp1rfdsCCC
hDC YrndCSdfd1winC
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RDC Bdgh1wlfwpiqC Gtd1ureC urggC vepaC udfd1cC hpuledfdC awftC reeC wigfreerfwpiC tr1sar1dC
idhdggr1mC fpC diryedC wigd1fwpiC risC 1duporeC pvC ftdC udfd1C awftp,fC gmgfduC
gt,fspaiDCCC

2DC Trewy1rfwpiqCCC
rDC Piswows,reemC adf hrewy1rfdsC rnrwigfC rC gfrisr1sC ftrfC wgC sw1dhfemC f1rhdryedC fpC

OPYGDCCC
yDC Sdfd1C gtreeC reepaC vp1C vwdesC orewsrfwpiC fdgfwinC pvC ftdC h,11difC hrewy1rfwpiC risC

l1powsdCvp1CrCl1wifdsCorewsrfwpiCfdgfC1dlp1fDCCC
hDC WChd1fwvwhrfdCpvChrewy1rfwpiCgtreeCydCl1powsdsCawftCdrhtCvepaCudfd1DC

JDC jepaCudfd1CgtreeCydCtris wigd1fryedC,lCfpC/5ClgwDC
.DC jepaCUrindqCYdigp1CrisC wiswhrfp1C gtreeC hpod1Cpld1rfwinC 1rindCpvCd),wludifCp1C

gmgfduCgd1odsDC
/DC YdigwinqC C Xrw1C pvC dihrlg,erfdsC lerfwi,uC gdigp1gDC C Sdfd1C gtreeC ipfC 1d),w1dC

rsswfwpireCfduld1rf,1dCp1Cl1dgg,1dChpuldigrfwpiDC
'DC Whh,1rhmqCCC

rDC °C9ZCpvC1rfdCv1puC.55 '555CYjXSDC
yDC °CRZCpvC1rfdCv1puC955 .55CYjXSDC

=DC jepaCUrindqCC9555q9Cf,1ispaiC
3DC Srfd1wreqCCC

rDC NdffdsCudfreChpulpidifgqC29/CgfrwiedggCgfddeDC
95DC Medhf1piwhgCMihepg,1dqCCNdrftd1fwntfCOMSWCJCre,uwi,uCdihepg,1dC
99DC Pifdn1reCuwh1pl1phdggp1 yrgdsCdedhf1piwhgDCCX1powsdCp,fl,fCgwnireCfpCIWYDC
9RDC -,fl,fqCCC

rDC b9(CrirepnCJ R5uWCp,fl,fCC
yDC b9(C rsswfwpireC p,fl,fC vrhfp1mC hpivwn,1dsC rgC dwftd1C rC fpfrew7winC l,egdC p1C riC

UYJ=.Cwifd1vrhdCvp1ChpiidhfwpiCfpCrCIWTidfCSY0GXCp1CSpsy,gCUG6Cgd1wreC
idfap1:DCCC

92DC BwglermqCCX1powsdCrCB 955CYd1wdgCBwglermCSps,edCvp1CephreCp1C1dupfdCwiswhrfwpiCpvC
vepaC1rfdCrisCfpfreDCC

9JDC -,fl,fCgwniregqC CYtreeCydCdwftd1Cgd1wreCidfap1:Cbl1pfphpeChpivp1uwinCfpCIWTidf–C
SY0GXcC IWTidf0PXcC E-ON-UQY–cC S-BI6YC UG6C UYJ=.cC S-BI6YC UG6C
GTX0PXcC"TP ORcCp1CYwdudig X9(Cp1CowrCwiswows,reCrirepnCrisCl,egdCp,fl,fgDC

9.DC -ld1rfwinCPigf1,hfwpigqCPihe,sdChpuledfdCwigf1,hfwpigCawftCdrhtCvepaudfd1DC
9/DC X1powsdC rC vepaC hpiswfwpid1C wvC 1d),w1dsC fpC uddfC ftdC uri,vrhf,1d1kgC uwiwu,uC

,lgf1druCgf1rwntfClwldC1,iC1d),w1dudifDC
9'DC MrhtCvepaCudfd1CgtreeCydChpod1dsCymCftdCuri,vrhf,1d1kgCfap mdr1Car11rifmDC

PDC Xpad1CSpiwfp1winCBdowhdgC
9DC T,11difCSdrg,1dudifCbWulg(C

rDC T,11difCudrg,1dudifCgtreeCydCymCrChpuywirfwpiCh,11difCf1rigvp1ud1CrisCrC
h,11difCf1rigs,hd1DCGtdCh,11difCf1rigvp1ud1CgtreeCydCgw7dsCfpC1ds,hdCftdCv,eeC
ruld1rndCpvCftdCupiwfp1dsChw1h,wfC fpCrCur’wu,uC.CWulCgwnirecCatwhtCaweeC
ydChpiod1fdsC fpCrCJ R5CuWCBBTChpulrfwyedCgwnireC vp1C,gdCymC ftdCjrhwewfmC
SrirndudifCYmgfduDC

yDC T,11difCG1rigvp1ud1C“CWCglewfChp1dCh,11difCf1rigvp1ud1CgtreeCydCl1powsdsCfpC
upiwfp1Cupfp1CrulgDC
9(C -ld1rfwinCv1d),dihmC“C.5C CJ55C7DC
R(C Pig,erfwpiC“C5D/CQoCherggC95QoCIPEDC
2(C 6EC1dhpniw7dsDC
J(C jwodCrulCgdhpisr1mDC
.(C YdedhfCh,11difC1rfwpiCrgCrll1pl1wrfdCvp1CrllewhrfwpiDC
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RDC T,11difCG1rigs,hd1C“CWCh,11difC fpCopefrndCp1Ch,11difC fpCuWC f1rigs,hd1CgtreeCydC
l1powsdsDCGtdCh,11difCf1rigs,hd1CgtreeCwihe,sdqC
rDC /LCwil,fCpod1CrulC1rfwinCvp1CWTCwi1,gtdgCpvC,lCfpC9R5CrulgDC
yDC Sri,vrhf,1dsCfpC6EC9RJJDC
hDC Whh,1rhmqC®D.ZcCUwlledC®9ZDC
sDC Swiwu,uCeprsC1dgwgfrihdC25:-tuDC
dDC Pil,fC5 R5CWulgDC
vDC -,fl,fCJ R5CuWDC
nDC G1rigs,hd1CgtreeCydClpad1dsCymCrCRJFBTC1dn,erfdsClpad1Cg,llemCbRJCFBTC

®.Z(DC

"DC Xpad1CrisCMid1nmCSdfd1gqC
9DC Xpad1Cudfd1gC gtreeC ydC v,1iwgtdsCymCIWYChpif1rhfp1cC wigfreedsCrisCaw1dsCymC ftdC

dedhf1whreChpif1rhfp1DCTpuu,iwhrfwpiCf1,i:Cv1puCftdCIWYCrisCwifdn1rfwpiCawftCftdC
IWYC gtreeC ydC l1powsdsC ymC ftdC IWYC hpif1rhfp1DC C Xpad1C udfd1bg(C gtreeC ydC
hpulrfwyedCawftC ftdCI,weswinCW,fpurfwpiCYmgfduCbIWY(Cl1powsdsC,isd1CBwowgwpiC
R2DCCUdvd1CfpCMedhf1whreCC

RDC GtdC lpad1C udfd1C gtreeC ydC v,eemC dedhf1piwhC awftC u,efw ewidC yrh:ewfC ETBC swglermC
gtpawinCudrg,1dsClr1rudfd1gCrgCadeeCrgCrer1uCv,ihfwpigCrisCl,egdCp,fl,fDC

2DC GtdClpad1Cudfd1CgtreeCld1vp1uCftdCvpeepawinCudrg,1dudifgqC
rDC Whh,u,erfdsCUdreCMid1nmCb:Nt(Cvp1CdrhtCltrgdCrisCfpfreCpvCreeCltrgdgC
yDC Whh,u,erfdsCUdrhfwodCMid1nmCb:FWUt(CrisCWllr1difCMid1nmCb:FWt(CfpfregC

vp1CreeCltrgdgC
hDC OdfCX1dgdifCBdurisCvp1CUdreCb:N(cCUdrhfwodCb:FWU(CrisCWllr1difCb:FW(C

Xpad1Cpod1CrC,gd1 gldhwvwdsCwifd1oreCbyeph:Cp1CgewswinCawispa(C
sDC Sr’wu,uCbXdr:(CUdreCb:N(cCUdrhfwodCb:FWU(CrisCWllr1difCb:FW(CBdurisC

Pifd1oregC
dDC Pigfrifridp,gCUdreCb:N(cCUdrhfwodCb:FWU(CrisCWllr1difCXpad1Cb:FW(cCymC

ltrgdCrisCwiCfpfreCC
vDC T,11difCbrulg(Cvp1CdrhtCltrgdCrisCrod1rndCpvCreeCltrgdgC
nDC Xtrgd fp ltrgdCopefrndCvp1CdrhtCltrgdCrisCrod1rndCpvCreeCltrgdClrw1gCC
tDC Xtrgd fp id,f1reCopefrndCvp1CdrhtCltrgdClrw1CrisCrod1rndCpvCreeCltrgdgC
wDC Xpad1Cvrhfp1Cvp1CdrhtCltrgdCrisCrod1rndCpvCreeCltrgdgC
xDC WTCv1d),dihmC

JDC GtdClpad1Cudfd1CgtreeChpuu,iwhrfdC,gwinCftdCIWTidfCSY0GXCl1pfphpeCrfCglddsgC
v1puC3/55CfpC99.cR55Cyr,sCbipClr1wfm(DCCGtdCudfd1CgtreeCl1powsdCrCIWTidfCBdowhdC
pyxdhfcCrCgdfCpvCa1wfryedCWirepnCFre,dCpyxdhfgC vp1C 1dupfdChpivwn,1rfwpicCrCgdfCpvC
WirepnCPil,fCpyxdhfgCfpCl1powsdCrhhdggCfpCghredsC2R ywfCudrg,1dudifCore,dgCrisC
ftdw1C,iwfC fmldgcCrisCrCgdfCpvCIwir1mC Pil,fCpyxdhfgC vp1C wiswhrfwinC wiswows,reCrer1uC
hpiswfwpigDC

.DC GtdCudfd1CgtreeCydC6E0T6ECewgfdsCfpCftdCerfdgfCrllewhryedCgrvdfmCgfrisr1sgDC
/DC Xpad1Cudfd1CupsdegCgtreeCrhhdlfCopefrndCwil,fCpod1CftdC1rindCpvC35CfpC/55CFWTC

b.5Cp1C/5C7(DC
'DC GtdC lpad1C udfd1C gtreeC rhhdlfC 5C fpC 5D222FWTC wil,fC v1puC ,lC fpC ft1ddC h,11difC

f1rigs,hd1gCb659=CUpldCYfmedCTGgCpiem(Cv1puCR5CfpC.555CrulgDC
=DC GtdCudrg,1dsCdid1nmChpig,ulfwpiCgtreeCydC1dfrwidsCwiCipi operfwedCudup1mCvp1C

ftdCewvdCpvCftdCl1ps,hfCar11rifmDC
3DC GtdC lpad1C udfd1C gtreeC trodC sdurisC udrg,1dudifC l1pn1ruuryedC vp1C ,lC fpC /C

g,y wifd1oregCpvC95CgdhpisgCfpC.J/Cuwi,fdgCs,1rfwpiDC
95DC Sdfd1CgtreeCydCplfwpireemCrorweryedCwiCriCp,fspp1COMSWCJLCdihepg,1dDC
99DC GtdClpad1Cudfd1CgtreeCpld1rfdCv1puC 25TCfpC®'5TDC
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9RDC GtdClpad1Cudfd1CgtreeCtrodCswudigwpigCipfCd’hddswinCJDR¼C’C2D/¼C’CRD2¼DC
92DC GtdClpad1Cudfd1CgtreeCuddfCypftCWOYPCT9RDR5CD.ZCrisCPMTC/R5.2 RRCTerggCD.YC

1dreClpad1CrisCdid1nmCrhh,1rhmCgldhwvwhrfwpigDC
9JDC GtdClpad1Cudfd1CgtreeCuddfC PMTC/R5.2 RRCTerggCRC 1drhfwodClpad1CrisCdid1nmC

rhh,1rhmCgldhwvwhrfwpigDC
9.DC GtdClpad1Cudfd1CgtreeCydChpivwn,1ryedCvp1Cpld1rfwpiCpiCYwinedCXtrgdCbWOCp1CWI(cC

YlewfCXtrgdCbWIO(cCBdefrCbWIT(cCrisCNmdCbWITO(CgmgfdugDC
9/DC GtdClpad1Cudfd1CgtreeCtrodCr,fpurfwhCltrgdC1dod1greChpuldigrfwpiCg,htCftrfCwfC

wgCwigdigwfwodCfpCftdCTGkgCeprsCp1wdifrfwpiDC
9'DC GtdClpad1Cudfd1CgtreeCtrodCgdlr1rfdChpif1peClpad1C wil,fgCg,htC ftrfC wgCurmCydC

lpad1dsCv1puCrCswvvd1difCgd1owhdCftriCwfCudrg,1dgDC
9=DC GtdClpad1Cudfd1CgtreeCtrodCXtrgdCEpggCWer1uChpifrhfgCawftCrC,gd1Chpivwn,1ryedC

ltrgdCepggCft1dgtpesDC
93DC GtdC lpad1C udfd1C gtreeC ydC hpivwn,1ryedC vp1C ,gdC awftC XpfdifwreC G1rigvp1ud1gC fpC

.555CopefgDC
R5DC GtdClpad1Cudfd1CgtreeCg,llp1fCar1iwingC vp1C epaClpad1C vrhfp1C bltrgdCh,11difCp1C

opefrndCuwgg aw1ds(cCh,11difCpod1C1rindcCopefrndCpod1C1rindcCrisCv1d),dihmCp,fCpvC
1rindDC

R9DC GtdCl1ps,hfCgtreeCtrodCrC. mdr1Car11rifmDC
RRDC GtdClpad1Cudfd1CgtreeCydCFd1wgCM.5RCp1Cd),woredifDC

QDC Yfrf,gCrisCYrvdfmCYawfhtdgC
9DC Hdid1reCUd),w1dudifgC

rDC YawfhtdgCgtreeCydCl1powsdsCfpCupiwfp1Cd),wludifCgfrf,gcCgrvdfmChpiswfwpigcC
risC ndid1rfdC rer1ugC rfC ftdC IWYC atdiC rC vrwe,1dC p1C ryip1ureC hpiswfwpiC
phh,1gDC YrvdfmC gawfhtdgC gtreeC ydC l1powsdsC awftC fapC gdfgC pvC hpifrhfgC risC
gtreeCydCwifd1eph:Caw1dsCfpCgt,fCspaiC1dgldhfwodCd),wludifDC

RDC T,11difCYdigwinCYawfhtdgC
rDC GtdCh,11difCgdigwinC gawfhtC gtreeC ydC gdev lpad1dsCawftC gpews gfrfdC hw1h,wf1mC

risCrCs1mC hpifrhfC p,fl,fDC PfC gtreeC hpigwgfC pvCrCh,11difC f1rigvp1ud1cC rC gpewsC
gfrfdCh,11difCgdigwinChw1h,wfcCrsx,gfryedCf1wlClpwifcCgpewsCgfrfdCgawfhtcCYXBGC
1dermcCrisCriCEMBC wiswhrfwinC ftdCpiCp1CpvvCgfrf,gDCWChpis,hfp1CpvC ftdC eprsC
gtreeC ydC lrggdsC ft1p,ntC ftdC awispaC pvC ftdC sdowhdDC PfC gtreeC rhhdlfC pod1 
h,11difC,lCfpCfawhdCwfgCf1wlClpwifC1rindDC

yDC T,11difCgdigwinCgawfhtdgCgtreeCydC,gdsCvp1C1,iCgfrf,gCvp1CvrigcCl,ulgcCrisC
pftd1Cuwghdeeridp,gCupfp1CeprsgDC

hDC T,11difCgdigwinCgawfhtdgCgtreeCydChrewy1rfdsCfpCgtpaCrClpgwfwodC1,iCgfrf,gC
piemCatdiCftdCupfp1CwgCpld1rfwinC,isd1CeprsDCWCupfp1C1,iiwinCawftCrCy1p:diC
ydefCp1Chp,lewinCgtreeCwiswhrfdCrCidnrfwodC1,iCgfrf,gDC

2DC Ww1Cjwefd1CYfrf,gCYawfhtdgC
rDC Bwvvd1difwreCl1dgg,1dCgawfhtdgC,gdsCfpCupiwfp1Crw1Cvwefd1Cgfrf,gCgtreeCydCpvCftdC

r,fpurfwhC1dgdfCfmldCawftCYXBGChpifrhfgC1rfdsCvp1CRCrulgCrfC9R5FWTDC
yDC WChpuledfdCwigfreerfwpiC:wfCgtreeCydCl1powsdscCwihe,swinqCgfrfwhCl1dgg,1dCfplgcC

f,ywincCvwffwingcCrisCrw1Cvwefd1gDC
hDC X1powsdC rll1pl1wrfdC ghredC 1rindC risC swvvd1difwreC rsx,gfudifC vp1C wifdisdsC

gd1owhdDC
JDC Ww1CjepaCYawfhtdgC

rDC Bwvvd1difwreC l1dgg,1dC vepaC gawfhtdgC gtreeC ydC ydeepagC rhf,rfdsC ud1h,1mC
gawfhtdgC p1C girlC rhfwinCuwh1p gawfhtdgCawftC rll1pl1wrfdC ghredC 1rindC risC
swvvd1difwreCrsx,gfudifCvp1CwifdisdsCgd1owhdDC
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.DC Ww1C l1dgg,1dC grvdfmC gawfhtdgC gtreeC ydC pvC ftdC uri,reC 1dgdfC fmldC awftC YXBGC
hpifrhfgC1rfdsCvp1CRCrulgCrfC9R5FWTDC
rDC X1dgg,1dC 1rindC gtreeC ydC rsx,gfryedC awftC rll1pl1wrfdC ghredC 1rindC risC

swvvd1difwreCrsx,gfudifCvp1CwifdisdsCgd1owhdDC
/DC EpaCGduld1rf,1dCEwuwfCYawfhtdgC

rDC GtdC epaC fduld1rf,1dC ewuwfC gawfhtC gtreeC ydC pvC ftdC uri,reC 1dgdfC fmldC awftC
Bp,yedC Xped0YwinedC Gt1paC girlC rhfwinC hpifrhfgC 1rfdsC vp1C 9/C rulgC rfC
9R5FWTDC

yDC GtdC gdigwinC dedudifC gtreeC ydC rC uwiwu,uC pvC 9.C vddfC wiC edinftC risC gtreeC
1drhfCfpCftdChpesdgfC9= wihtCgdhfwpiDCMedudifCgtreeCydCup,ifdsCtp1w7pifreemC
rh1pggC s,hfC wiC rhhp1srihdC awftC uri,vrhf,1d1gC 1dhpuudisdsC wigfreerfwpiC
l1phds,1dgDC

hDC jp1C er1ndC s,hfC r1drgC atd1dC ftdC gdigwinC dedudifC spdgC ipfC l1powsdC v,eeC
hpod1rndC pvC ftdC rw1C gf1drucC rsswfwpireC gawfhtdgC gtreeC ydC l1powsdsC rgC
1d),w1dsCfpCl1powsdCv,eeCl1pfdhfwpiCpvCftdCrw1Cgf1druDC

RD=C -6GX6GCBMFPTMYC

WDC Whf,rfp1gC
9DC Hdid1reCUd),w1dudifgC

rDC Bruld1CrisCoreodCrhf,rfp1gCgtreeCydCdedhf1piwhDCCTpif1pegCg,yuwffregCgtreeC
wiswhrfdCrhf,rfp1CvrweClpgwfwpiCrgCip1ureemCpldiCp1ChepgdsDC

RDC Medhf1piwhCBruld1CWhf,rfp1gC
rDC Medhf1piwhCsruld1Crhf,rfp1gCgtreeCydCsw1dhfCgtrvfCup,ifDC
yDC Sps,erfwinCrisCfap lpgwfwpiCrhf,rfp1gCgtreeCydCl1powsdsCrgC1d),w1dsCymCftdC

gd),dihdCpvCpld1rfwpigDCBruld1CgdhfwpigCgtreeCydCgw7dsCIrgdsCpiCrhf,rfp1C
uri,vrhf,1d1kgC1dhpuudisrfwpigCvp1CvrhdCodephwfmcCswvvd1difwreCl1dgg,1dCrisC
sruld1CfmldDCGtdCrhf,rfp1Cup,ifwinCr11rindudifCrisCgl1winC1df,1iCvdrf,1dC
gtreeCld1uwfCip1ureemCpldiCp1Cip1ureemChepgdsClpgwfwpigCpvCftdCsruld1gcCrgC
1d),w1dsDC WeeC rhf,rfp1gC bd’hdlfC fd1uwireC ,iwfg(C gtreeC ydC v,1iwgtdsC awftC
udhtriwhreC gl1winC 1df,1iC ,iedggC pftd1awgdC gldhwvwdsC wiC ftdC gd),dihdgC pvC
pld1rfwpigDC WeeC rhf,rfp1gC gtreeC trodC d’fd1ireC rsx,gfryedC gfplgC fpC ewuwfC ftdC
f1rodeCwiCdwftd1Csw1dhfwpicCrisCrCndr1C1dedrgdCfpCreepaCuri,reClpgwfwpiwinDC

hDC Sps,erfwinCrhf,rfp1gCgtreeCrhhdlfCRJCFWTCp1CFBTClpad1Cg,llemcChpig,udC
ipC up1dC ftriC 9.C FWcC risC ydC 6EC ewgfdsDC GtdC hpif1peC gwnireC gtreeC ydC R 95C
FBTCp1CJ R5CuWcCrisCftdCrhf,rfp1CgtreeCl1powsdCrCherulClpgwfwpiCvddsyrh:C
gwnireCpvCR 95CFBTDCGtdCvddsyrh:CgwnireCgtreeCydCwisdldisdifCpvCftdCwil,fC
gwnireCrisCurmCydC,gdsCfpClr1reedeCpftd1Crhf,rfp1gCrisCl1powsdCf1,dClpgwfwpiC
wiswhrfwpiDCGtdCvddsyrh:CgwnireCpvCpidCsruld1Crhf,rfp1Cvp1CdrhtCgdlr1rfdemC
hpif1peedsC sruld1C gtreeC ydC aw1dsC yrh:C fpC rC fd1uwireC gf1wlC wiC ftdC hpif1peC
lrideCvp1Cf1p,yed gtppfwinCl,1lpgdgDC

sDC Gap lpgwfwpiCp1Cpldi0hepgdsCrhf,rfp1gCgtreeCrhhdlfCRJCp1C9R5CFWTClpad1C
g,llemCrisCydC6ECewgfdsDCPgperfwpicCgup:dcCd’tr,gfCvricCrisCpftd1Csruld1gcC
rgC gldhwvwdsC wiC ftdC gd),dihdC pvC pld1rfwpigcC gtreeC ydC v,1iwgtdsC awftC
rsx,gfryedCdisCgawfhtdgC fpC wiswhrfdCpldi0hepgdsClpgwfwpiCp1CydCtr1sCaw1dsC
fpC gfr1f0gfplC rggphwrfdsC vriDC Gap lpgwfwpiC rhf,rfp1gcC rgC gldhwvwdsC wiC
gd),dihdgCpvCpld1rfwpigCrgC;),wh:Crhfwinc¼CgtreeCupodCv,eeCgf1p:dCawftwiCR5C
gdhpisgDCWeeCgup:dCsruld1Crhf,rfp1gCgtreeCydC),wh:CrhfwinDC

2DC Medhf1piwhCFreodCWhf,rfp1gC
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rDC Medhf1piwhC oreodC rhf,rfp1gC gtreeC ydC uri,vrhf,1dsC ymC ftdC oreodC
uri,vrhf,1d1DCC

yDC MrhtCrhf,rfp1CgtreeCtrodCh,11difCewuwfwinChw1h,wf1mCwihp1lp1rfdsCwiCwfgCsdgwniC
fpCl1dodifCsrurndCfpCftdCrhf,rfp1DC

hDC Sps,erfwinCrisCfap lpgwfwpiCrhf,rfp1gCgtreeCydCl1powsdsCrgC1d),w1dsCymCftdC
gd),dihdC pvC pld1rfwpigDC Whf,rfp1gC gtreeC l1powsdC ftdC uwiwu,uC fp1),dC
1d),w1dsC vp1C l1pld1C oreodC hepgd pvvC rnrwigfC ftdC gmgfduC l1dgg,1dC vp1C ftdC
1d),w1dsC rllewhrfwpiDC GtdC oreodC rhf,rfp1C gtreeC ydC gw7dsC IrgdsC piC oreodC
uri,vrhf,1d1kgC 1dhpuudisrfwpigC vp1C vepaC risC l1dgg,1dC swvvd1difwreDC WeeC
rhf,rfp1gC gtreeC vrweC wiC ftdC ergfC lpgwfwpiC ,iedggC gldhwvwdsC awftC udhtriwhreC
gl1winC1df,1iCwiCftdCgd),dihdCpvCpld1rfwpigDCGtdCgl1winC1df,1iCvdrf,1dCgtreeC
ld1uwfC ip1ureemC pldiC p1C ip1ureemC hepgdsC lpgwfwpigC pvC ftdC oreodgcC rgC
1d),w1dsDC WeeC sw1dhfC gtrvfC up,ifC 1pfrfwpireC rhf,rfp1gC gtreeC trodC d’fd1ireC
rsx,gfryedCgfplgCfpCewuwfCftdCf1rodeCwiCdwftd1Csw1dhfwpiDC

sDC Sps,erfwinC Whf,rfp1gC gtreeC rhhdlfC RJC FWTC p1C FBTC risC 9R5C FWTC lpad1C
g,llemCrisCydC6ECewgfdsDCGtdChpif1peCgwnireCgtreeCydCR 95CFBTCp1CJ R5CuWC
risC ftdC rhf,rfp1C gtreeC l1powsdC rC herulC lpgwfwpiC vddsyrh:C gwnireC pvC R 95C
FBTDC GtdC vddsyrh:C gwnireC gtreeC ydC wisdldisdifC pvC ftdC wil,fC gwnirecC risC
urmCydC,gdsCfpClr1reedeCpftd1Crhf,rfp1gCrisCl1powsdCf1,dClpgwfwpiCwiswhrfwpiDC
GtdC vddsyrh:CgwnireCpvCdrhtCoreodCrhf,rfp1C bd’hdlfC fd1uwireC oreodg(CgtreeC
ydCaw1dsC yrh:C fpC rC fd1uwireC gf1wlC wiC ftdC hpif1peC lrideC vp1C f1p,yed gtppfwinC
l,1lpgdgDC

IDC Tpif1peCUdermgC
9DC Tpif1peCXwepfCUdermgC

rDC Tpif1peC lwepfC 1dermgC gtreeC ydC pvC rC ups,er1C le,n wiC sdgwniC awftC 1dfrwiwinC
gl1wingCp1ChewlgDC

yDC Sp,ifwinCIrgdgCgtreeCydCgirl up,ifDC
hDC BXBGcC 2XBGcC p1C JXBGC 1dermgC gtreeC ydC l1powsdscC rgC rll1pl1wrfdC vp1C

rllewhrfwpiDC
sDC TpifrhfgCgtreeCydC1rfdsCvp1C95CrulgCrfC9R5FWTDC
dDC UdermgCgtreeCtrodCriCwifdn1reCwiswhrfp1CewntfCrisChtdh:Cy,ffpiDC

TDC Tpif1peCFreodgCbTtweedsCNrfd1(C
9DC WeeC ups,erfwinC hpif1peC oreodgC gtreeC ydC pvC ftdC ;l1dgg,1dC wisdldisdif¼C fmldC

hpivwn,1dsCawftCpidCwifdn1rfdsCoreodCypsmCftrfCwihp1lp1rfdgCpidChtruyd1CawftCriC
rsx,gfryedCToCrisC rC gdlr1rfdC l1dgg,1dC 1dn,erfwinC htruyd1C ,gdsC fpCurwifrwiC rC
hpigfrifCswvvd1difwreCl1dgg,1dCrh1pggCftdChpif1peCg,1vrhdDCC

RDC MrhtChpif1peCoreodCgtreeCydC wiswows,reemC vepaCfdgfdsCrfC ftdCvrhfp1mCrisCod1wvwdsC fpC
sdowrfdC ipC up1dC ftriC °.ZC ft1p,ntC ftdC gdedhfdsC pld1rfwinC l1dgg,1dC 1rindDC WC
hrewy1rfdsCld1vp1urihdCfrnCgtreeCydCl1powsdsCawftCdrhtCoreodCftrfCod1wvwdgCftdCvepaC
1rfdC wiC95C1pfrfwpiC wih1dudifgC,lC fpC v,eeC 1rfdsC vepaCbplfwpiCawftC90R¼(DCWeeC fdgfwinC
gtreeCydCld1vp1udsCawftCwigf1,udifgChrewy1rfdsCfpCftdC1d),w1dudifgCpvCWOYP0PYW 
Y'.D99 93=.cCawftCf1rhdrywewfmCfpCOPYGCris0p1CPY-Cgfrisr1sgDC

2DC Tpif1peCoreodC1rindrywewfmCgtreeCydC.5q9Cuwiwu,uDCC
JDC MrhtChpif1peCoreodCgtreeCydCg,yxdhfdsCfpC'5ClgwsCrisCfdgfdsCfpCd’hddsCWOYP0jTPC

'5 R 933=C edr:rndC 1rfwingDC TerggC PFC edr:rndC p1C ydffd1C wgC 1d),w1dsC vp1C hpif1peC
oreodgCRVCipuwireCgw7dCrisCedggDCTerggCPPPCedr:rndCp1Cydffd1CwgC1d),w1dsCvp1Chpif1peC
oreodgCer1nd1CftriCRVDC

.DC PiCreeChpif1peCoreodgC=¼CrisCgureed1cC wfCgtreeCydClpggwyedC fpCupswvmC ftdCoreodC vepaC
htr1rhfd1wgfwhgCawftp,fC1dupowinCftdCoreodCv1puCftdClwlwinCgmgfduDC
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/DC IrerihwinCoreodgCrisCrggphwrfdsCyrerihwinCgtreeCipfCydC1d),w1dsCatd1dCl1dgg,1dC
wisdldisdifCups,erfwinChpif1peCoreodgCr1dCwigfreedsDCC

'DC GtdChpif1peCoreodCrhf,rfp1CgtreeCups,erfdCreeCoreodgC,lCfpC=VCwiCipuwireCgw7dCv1puC
5CfpC955ZCsdgwniCvepaCatwedC1pfrfwinCftdCoreodCgfduCrCur’wu,uCpvC35DC

=DC Gtd1dC gtreeC ydC ft1ddC lp1fgC wigfreedsC rfC ftdC vrhfp1mC wifdn1reC fpC drhtC oreodC risC
hrlryedCpvCydwinC,gdsCfpCudrg,1dCl1dgg,1dCp1Cfduld1rf,1dDCGtdCvw1gfClp1fCgtreeCydC
wigfreedsCrfC ftdC wiedfC fpCftdCoreodDCGtdCgdhpisCgtreeCydC wigfreedsCydfaddiCftdCToC
htruyd1CrisCftdCl1dgg,1dC1dn,erfwinChtruyd1DCGtdCftw1sCgtreeCydCwigfreedsCrfCftdC
p,fedfC pvC ftdC oreodDCYtp,esC ftdClp1fgCipfC ydCl1powsdsCrgClr1fC pvC ftdCoreodCypsmC
ftriCftdmCgtreeCydCwigfreedsCwiCrCglppeClwdhdCrisCrffrhtdsCfpCftdCypsmDC

3DC GtdC swvvd1difwreC l1dgg,1dC ydfaddiC ftdC vw1gfC risC ftdC ftw1sC lp1fC gtreeC ydC ,gdsC wiC
hpuuwggwpiwinC fpCod1wvmC ftrfC ftdCuwiwu,uCswvvd1difwreCl1dgg,1dC bfmlwhreemC.Clgws(C
1d),w1dsCvp1Cl1dgg,1dCwisdldisdifCpld1rfwpiCwgCrorweryedDCC

95DC GtdC swvvd1difwreC l1dgg,1dC ydfaddiC ftdC vw1gfC risC gdhpisC lp1fgC gtreeC ydC ,gdsC fpC
od1wvmCl1pld1CoreodCpld1rfwpiCrisCvepaC1dn,erfwpiDCPfCgtreeCydClpggwyedCfpCod1wvmCftdC
vepaC 1rfdC ft1p,ntC ftdC hpif1peC oreodC ,gwinC ftdC oreodC gfduC lpgwfwpiC risC ftdC
swvvd1difwreCl1dgg,1dCudrg,1dudifCydfaddiCftdCvw1gfCrisCgdhpisClp1fCwiCftdCoreodDC
PvCftdgdCoreodCvdrf,1dgCr1dCipfCrorweryedcCrCvepaCudfd1CgtreeCydC wigfreedsCfpCod1wvmC
rhf,reCvepaC1rfdCwiCpld1rfwpiCft1p,ntCftdCoreodDC

99DC TICoreodgCfpCydCgfrisr1sCups,erfwinDC
9RDC WeeCoreodgCgtreeCydCar11rifdsCymCftdCuri,vrhf,1d1Cvp1CipC edggCftriC2Cmdr1gCv1puC

ftdCsrfdCpvCl,1htrgdDCC
92DC WhhdlfryedCuri,vrhf,1d1gqCIdewupcCI1rdcCBrivpggcCBdefrCjepaDC

BDC Tpif1peCFreodgCbpfCNrfd1CYmgfdug(C
9DC WeeC r,fpurfwhC hpif1peC oreodgC gtreeC ydC ;l1dgg,1dC wisdldisdif¼C fmldcC v,eemC

l1plp1fwpiwinCrisCl1powsdCidr1C ewidr1CtdrfC f1rigvd1Chpif1peDCGtdCoreodgCgtreeCydC
),wdfC wiCpld1rfwpiCrisC vrwe grvdCpldicChepgdscCp1C wiC ftdw1C ergfClpgwfwpiDCWeeC oreodgC
gtreeCpld1rfdCwiCgd),dihdCawftCripftd1CoreodCatdiC1d),w1dsCymCftdCgd),dihdCpvC
pld1rfwpigDC WeeC hpif1peC oreodgC gtreeC ydC gw7dsC ymC ftdC hpif1peC uri,vrhf,1d1cC risC
gtreeC ydC n,r1rifddsC fpC uddfC ftdC tdrfwinC risC hppewinC eprsgcC rgC gldhwvwdsDC WeeC
hpif1peCoreodgCgtreeCydCg,wfryedCvp1CftdCgmgfduCvepaChpiswfwpigCrisChepgdCrnrwigfC
ftdC swvvd1difwreC l1dgg,1dgC wiopeodsDC IpsmC l1dgg,1dC 1rfwinC risC hpiidhfwpiC fmldC
bgadrfcCgh1dadscCp1Cverinds(CgtreeChpivp1uCfpCftdClwldCghtds,edCdegdatd1dCwiCftwgC
YldhwvwhrfwpiDC

RDC pfC arfd1C hpif1peC oreodgC gtreeC ydC ups,erfwinC le,ncC yreecC ris0p1C y,ffd1vemcC rgC
1d),w1dsCymC ftdCgldhwvwhCrllewhrfwpiDCSps,erfwinCarfd1CoreodgCgtreeCydCgw7dsCld1C
uri,vrhf,1d1kgC1dhpuudisrfwpigCvp1CftdCnwodiCrllewhrfwpiDCPiCndid1recCoreodgCbRC
p1C2 arm(Cgd1owinCor1wryedCvepaCrw1CtrisewinC,iwfChpwegCgtreeCydCgw7dsCvp1CrCl1dgg,1dC
s1plCd),reC fpC ftdCrhf,reC hpweC l1dgg,1dCs1plcC y,fCipC edggC ftriC.CXYPDCFreodgC b2 
arm(C gd1owinC hpigfrifC vepaCrw1C trisewinC ,iwfC hpwegCawftC gdhpisr1mC hw1h,wfC l,ulgC
gtreeCydCgw7dsCvp1CrCl1dgg,1dCs1plCd),reCfpCR.ZCftdCrhf,reChpweCl1dgg,1dCs1plcCy,fC
ipCedggCftriCRCXYPDCSw’winCoreodgCb2 arm(Cgd1owinCgdhpisr1mCarfd1Chw1h,wfgCgtreeC
ydC gw7dsC vp1C rC l1dgg,1dCs1plC pvC ipC edggC ftriC .CXYPDCFreodgC vp1C fd1uwireC 1dtdrfC
hpwegCgtreeCydCgw7dsCvp1CrCRCXYPHCl1dgg,1dCs1plcCy,fCipCup1dCftriCrC.CXYPCs1plDC

2DC IreeC oreodgC gtreeC ydC ,gdsC vp1C tpfC risC htweedsCarfd1C rllewhrfwpigcCarfd1C fd1uwireC
1dtdrfChpwegcC1rswrifClridegcC,iwfCtdrfd1gcClrh:rndCrw1ChpiswfwpiwinC,iwfgcCrisCvriC
hpweC,iwfgCd’hdlfCftpgdCsdgh1wydsCtd1dwirvfd1DCC

JDC Sps,erfwinCle,nCarfd1CoreodgCpvCftdCgwined gdrfCfmldCawftCd),reCld1hdifrndCvepaC
htr1rhfd1wgfwhgCgtreeCydC,gdsCvp1CreeCgldhwreCrllewhrfwpigCrgCwiswhrfdsCpiCftdCoreodC
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ghtds,edDCFreodCswghgCgtreeCydChpulpgwfwpiCfmldDCFreodCgfdugCgtreeCydCgfrwiedggC
gfddeDC

.DC I,ffd1vemCoreodgCgtreeCydCrhhdlfryedCvp1Cups,erfwinCer1ndCvepaCrllewhrfwpigCn1drfd1C
ftriCups,erfwinCle,nCoreodgcCrisCvp1CreeCfap lpgwfwpicCpldi0hepgdCrllewhrfwpigDCPi 
ewidC ris0p1C ft1dd armC y,ffd1vemC oreodgC gtreeC ydC tdrom s,fmC lrffd1iC awftC rC ypsmC
1rfwinChpulr1ryedC fpC ftdClwldC 1rfwincC 1dlerhdryedC ewiwinCg,wfryedC vp1C fduld1rf,1dC
pvC gmgfducC risC rC gfrwiedggC gfddeC oridDC FreodgC vp1C ups,erfwinC gd1owhdC gtreeC ydC
gw7dsC risC f1rodeC ewuwfdsC fpC .5C sdn1ddgC pvC v,eeC pldiDCFreodgC vp1C wgperfwpiC gd1owhdC
gtreeCydCftdCgrudCrgCftdClwldDCFreodgCwiCftdChepgdsClpgwfwpiCgtreeCydCy,yyed fwntfDC

/DC WeeCoreodgCgtreeCydCar11rifdsCymCftdCuri,vrhf,1d1Cvp1CipC edggCftriC2Cmdr1gCv1puC
ftdCsrfdCpvCl,1htrgdDCC

'DC WhhdlfryedCuri,vrhf,1d1gqCIdewupcCI1rdcCBrivpggcCBdefrCjepaDC

RD3C SPYTMEEWOM-6YCBMFPTMYC

WDC EphreCTpif1peCXridegC
9DC WeeC hpif1peC lridegC gtreeC ydC vrhfp1mC hpigf1,hfdscC wihp1lp1rfwinC ftdC IWYC

uri,vrhf,1d1kgC gfrisr1sC sdgwnigC risC ermp,fgDC WeeC hpif1peC lridegC gtreeC ydC 6EC
wigldhfdsCrisCewgfdsCrgCriCrggduyemCrisChr11mCrC6EC.5=CerydeCewgfwinChpulewrihdDC
Tpif1peC lridegC gtreeC ydC v,eemC dihepgdscCawftC ld1vp1rfdsC g,y lridecC twindsC spp1cC
risCgepffdsCve,gtCerfhtDC

RDC PiC ndid1recC ftdC hpif1peC lridegC gtreeC hpigwgfC pvC ftdC BBTC hpif1peed1bg(cC swglermC
ups,edCrgCgldhwvwdsCrisCwiswhrfdsCpiCftdClerigcCrisCP0-Csdowhdg⁰g,htCrgC1dermgcC
f1rigs,hd1gcC risC gpC vp1ft⁰ftrfC r1dC ipfC 1d),w1dsC fpC ydC ephrfdsC d’fd1ireC fpC ftdC
hpif1peClrideCs,dCfpCv,ihfwpiDCNtd1dCgldhwvwdsCftdCswglermCups,edCgtreeCydCve,gtC
up,ifdsCwiCftdClrideCvrhdC,iedggCpftd1awgdCipfdsDC

2DC WeeCP0-ChpiidhfwpigCpiCftdCBBTChpif1peed1CgtreeCydCl1powsdCowrC1duporyedCp1Cvw’dsC
gh1daCfd1uwiregDCC

JDC EpaCrisCewidCopefrndCaw1winCgtreeCydCgdn1dnrfdsDCWeeCl1powsdsCfd1uwireCgf1wlgCrisC
aw1winC gtreeC ydC 6EC ewgfdscC 255 opefC gd1owhdC risC l1powsdC rsd),rfdC hedr1rihdC vp1C
vwdesCaw1winDC

.DC WeeCaw1winCgtreeCydCidrfemCwigfreedsCwiClergfwhCf1rmgCp1Cfwd a1rlldsDC
/DC WChpiodiwdihdC9R5CFWTCs,led’C1dhdlfrhedCgtreeCydCl1powsdsCwiCdrhtCdihepg,1dcC

v,gdsCpi0pvvClpad1CgawfhtcCrisC1d),w1dsCf1rigvp1ud1gDC

IDC Gtd1upgfrfgC
9DC Medhf1whC 1ppuC ftd1upgfrfgC pvC ftdC tdrom s,fmC fmldC gtreeC ydC l1powsdsC vp1C ,iwfC

tdrfd1gcC hrywidfC ,iwfC tdrfd1gcC risC odifwerfwpiC vrigcC atd1dC 1d),w1dsDC WeeC ftdgdC
wfdugCgtreeCydCl1powsdsCawftChpihdredsCrsx,gfudifDCjwiwgtCpvChpod1gCvp1CreeC1ppu 
fmldCwigf1,udifgCgtreeCurfhtCriscC,iedggCpftd1awgdCwiswhrfdsCp1CgldhwvwdscChpod1gC
gtreeCydCuri,vrhf,1d1kgCgfrisr1sCvwiwgtDC

XWUGC2C CMLMT6GP-OC

2D9C MLWSPOWGP-OC

WDC M’ruwidC g,ygf1rfdgC risC hpiswfwpigC vp1C hpulewrihdC awftC 1d),w1dudifgC vp1C wigfreerfwpiC
fped1rihdgCrisCpftd1ChpiswfwpigCrvvdhfwinCld1vp1urihdCpvCftdCNp1:DC



HGTC CT-ONWACT-YSMG-E-HACMLXWOYP-OCIEBHDC.550/55C
C

I6PEBPOHCW6G-SWGP-OCWOBCGMSXMUWG6UMCT-OGU-ECYAYGMSC R25355C CJ2C

9DC Fd1wvmChpulrfwywewfmCawftCrisCg,wfrywewfmCpvCg,ygf1rfdgDC

IDC M’ruwidC 1p,ntwin wiC vp1C l1ps,hfgC fpC od1wvmC rhf,reC ephrfwpigC pvC hpiidhfwpigC ydvp1dC
wigfreerfwpiDC
9DC M’ruwidC1p,ntwin wiC vp1C wigf1,udifgC wigfreedsC wiClwlwinC fpCod1wvmCrhf,reC ephrfwpigC

pvChpiidhfwpigCydvp1dCwigfreerfwpiDC
RDC M’ruwidC 1p,ntwin wiC vp1C wigf1,udifgC wigfreedsC wiC s,hfC gmgfdugC fpC od1wvmC rhf,reC

ephrfwpigCpvChpiidhfwpigCydvp1dCwigfreerfwpiDC

TDC M’ruwidCareegcCvepp1gcC1ppvgcCrisChdwewingCvp1Cg,wfryedChpiswfwpigCatd1dCl1ps,hfCaweeCydC
wigfreedsDC

BDC X1dlr1dC a1wffdiC 1dlp1fcC disp1gdsC ymC Pigfreed1cC ewgfwinC hpiswfwpigC sdf1wudifreC fpC
ld1vp1urihdCpvCftdCNp1:DC

MDC X1phddsCawftCwigfreerfwpiCpiemCrvfd1C,igrfwgvrhfp1mChpiswfwpigCtrodCyddiChp11dhfdsDC

2DRC IWYCYXMTPjPTCUM46PUMSMOGYC

WDC H1rltwhCBwglermgC
9DC X1powsdC rC hpep1C n1rltwhC gmgfduC vepaC swrn1ruC swglermC vp1C drhtC gmgfduC awftC reeC

lpwifgCrgC wiswhrfdsCpiC ftdClpwifC ewgfDC CWeeC fd1uwireC ,iwfC n1rltwhCswglermgCgtreeC ydC
v1puCrCgfrisr1sCsdgwniCewy1r1mDCCC

RDC 6gd1C gtreeC rhhdggC ftdC or1wp,gC gmgfduC ghtdurfwhgC owrC rC n1rltwhreC ldidf1rfwpiC
ghtdudCris0p1Cudi,CgdedhfwpiDCC

IDC Whf,rfwpiC0CTpif1peCGmldC
9DC X1wur1mCM),wludifC

rDC Tpif1pegCgtreeCydCl1powsdsCymCd),wludifCuri,vrhf,1d1CrgCgldhwvwdsCtd1dwiDC
yDC WeeCsruld1CrisCoreodCrhf,rfwpiCgtreeCydCdedhf1whDC

RDC Ww1CrisewinCM),wludifC
rDC WeeCrw1Ctrisd1gCgtreeCydChpif1peedsCawftCrCFWT BBTCTpif1peed1C
yDC WeeCsruld1CrisCoreodCrhf,rfwpiCgtreeCydCdedhf1whDC

2DC Gd1uwireCM),wludifqCC
rDC Gd1uwireC 6iwfgC bFWFcC jT6C dfhD(C gtreeC trodC dedhf1whC sruld1C risC oreodC

rhf,rfwpiDC
yDC WeeCfd1uwireC,iwfgCgtreeCydChpif1peedsCawftCFWT BBTCTpif1peed1DC

2D2C POYGWEEWGP-OC

WDC IWYCNw1winC
9DC WeeC hpis,wfcC aw1wincC rhhdggp1wdgC risC aw1winC hpiidhfwpigC 1d),w1dsC vp1C ftdC

wigfreerfwpiCpvCftdCI,weswinCW,fpurfwpicCrgCtd1dwiCgldhwvwdscCgtreeCydCl1powsdsCymC
ftdCIWYCTpif1rhfp1C ,iedggC gldhwvwhreemC gtpaiCpiC ftdCMedhf1whreCB1rawingC,isd1C
BwowgwpiCR/CMedhf1whreDCCWeeCaw1winCgtreeChpulemCawftCftdC1d),w1dudifgCpvCrllewhryedC
lp1fwpigCpvCBwowgwpiCR/CrisCreeCephreCrisCirfwpireCdedhf1whChpsdgcC,iedggCgldhwvwdsC
pftd1awgdCwiCftwgCgdhfwpiDC

RDC WeeC IWYC aw1winC urfd1wregC risC wigfreerfwpiC udftpsgC gtreeC hpulemC awftC IWYC
uri,vrhf,1d1C1dhpuudisrfwpigDC
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2DC GtdCgw7wincCfmldCrisCl1powgwpiCpvChryedcChpis,wfcChryedCf1rmgcCrisC1rhdarmgCgtreeC
ydC ftdC sdgwniC 1dglpigwywewfmC pvC ftdC IWYC Tpif1rhfp1DC C PvC hpulewhrfwpigC r1wgdcC
tpadod1cC s,dC fpC ftdC wihp11dhfC gdedhfwpiC pvC hryedcC hryedC f1rmgcC 1rhdarmgC ris0p1C
hpis,wfCymCftdCIWYCTpif1rhfp1cC ftdCTpif1rhfp1CgtreeCydC1dglpigwyedC vp1CreeChpgfgC
wih,11dsCwiC1dlerhwinCftdCgdedhfdsChpulpidifgDC

JDC TerggCRCNw1winC
rDC WeeCTerggCRCbRJFWTCp1Cedgg(Caw1winCgtreeCydCwigfreedsCwiChpis,wfDC
yDC Tpis,wfCgtreeCydCwigfreedsClr1reedeCfpCftdCy,weswinCgf1,hf,1reCewidgDCCWeeCaw1winC

gtreeCydCwigfreedsCwiCrhhp1srihdCawftCephreChpsdC1d),w1dudifgDCC
.DC TerggCRCgwnireCaw1winCrisCRJFWTClpad1ChriCydC1,iCwiCftdCgrudChpis,wfDCCXpad1C

aw1winC9R5FWTCrisCn1drfd1ChriipfCgtr1dC ftdCgrudChpis,wfCawftCTerggCRCgwnireC
aw1winDC

/DC X1powsdC vp1C hpuledfdC n1p,iswinC pvC reeC rllewhryedC gwnireC risC hpuu,iwhrfwpigC
hryedgcC lridegC risC d),wludifC gpC rgC fpC dig,1dC gmgfduC wifdn1wfmC pvC pld1rfwpiDCC
H1p,isChryewinCrisChpis,wfCrfCftdClrideCfd1uwirfwpigDCCWopwsCn1p,iswinCepplgDC

IDC IWYCUrhdarmC
9DC WeeCaw1winCgtreeCydCwigfreedsCwiCye,dChpis,wfCp1C1rhdarmCd’hdlfCrgCipfdsCdegdatd1dC

wiCftwgCgldhwvwhrfwpiDCSwiwu,uChpif1peCaw1winChpis,wfCgw7dC90R¼DC
RDC Ntd1dC wfC wgC ipfC lpggwyedC fpC hpihdreC 1rhdarmgC wiC vwiwgtdsC ephrfwpigcC g,1vrhdC

1rhdarmCbaw1dupes(CurmCydC,gdsCrgCrll1podsCymCftdCW1htwfdhfDCCC
2DC WeeC hpis,wfgCrisC 1rhdarmgCgtreeCydC wigfreedsC edodecCle,uycCrfC 1wntfCrinedgC fpC ftdC

y,weswinC ewidgC risC gtreeC vpeepaC ftdC hpifp,1gC pvC ftdC g,1vrhdC fpC atwhtC ftdmC r1dC
rffrhtdsDC

JDC jed’wyedCSdfreCTpis,wfCgtreeCydC,gdsCvp1Cowy1rfwpiCwgperfwpiCrisCgtreeCydCewuwfdsCfpC
2CvddfCwiCedinftCatdiCfd1uwirfwinCfpCowy1rfwinCd),wludifDCCjed’wyedCSdfreCTpis,wfC
urmCydC,gdsCawftwiClr1fwfwpiCareegDCCjed’wyedCSdfreCTpis,wfCgtreeCydC6ECewgfdsDC

TDC Xdidf1rfwpigC
9DC X1powsdC vw1dC gfpllwinC vp1C reeC ldidf1rfwpigC ,gdsC ymC sdswhrfdsC IWYC hpis,wfgC risC

1rhdarmgDCCC
RDC WeeCpldiwingCwiCvw1dCl1ppvdsCp1Cvw1dCgfplldsChpulpidifgCgtreeCydChepgdsCymC,gwinC

rll1podsCvw1dC1dgwgfwodCgdrerifDCC
2DC WeeC aw1winC lrggwinC ft1p,ntC ldidf1rfwpigcC wihe,swinC areegC gtreeC ydC wiC hpis,wfC p1C

dihepgdsC1rhdarmDC
JDC Xdidf1rfwpigC pvC vepp1C gerygC gtreeC ydC ymC hp1dC s1weewinDC WeeC ldidf1rfwpigC gtreeC ydC

le,uycCf1,dcCrisCg),r1dDCCC

BDC IWYCXrideCPigfreerfwpiC
9DC GtdCIWYClridegCrisChrywidfgCgtreeCydCephrfdsCrgCwiswhrfdsCrfCriCdedorfwpiCpvCipfC

edggC ftriCRC vddfC v1puC ftdCypffpuCdsndCpvC ftdClrideC fpC ftdC vwiwgtdsC vepp1DC CMrhtC
hrywidfCgtreeCydCrihtp1dsCld1CftdCuri,vrhf,1d1kgC1dhpuudisrfwpigDC

RDC GtdC IWYC hpif1rhfp1C gtreeC ydC 1dglpigwyedC vp1C hpp1swirfwinC lrideC ephrfwpigC awftC
pftd1Cf1rsdgCrisCdedhf1whreCrisCudhtriwhreChpif1rhfp1gDC

MDC Pil,fCBdowhdgC
9DC WeeCPil,fCsdowhdgCgtreeCydCwigfreedsCld1CftdCuri,vrhf,1d1C1dhpuudisrfwpiDC
RDC EphrfdC hpulpidifgC pvC ftdC IWYC wiC rhhdggwyedC ephreC hpif1peC lridegC atd1dod1C

lpggwyedDC

jDC FWTCPil,fCBdowhdgC“CHdid1reC
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9DC WeeCPil,fCsdowhdgCgtreeCydCwigfreedsCld1CftdCuri,vrhf,1d1C1dhpuudisrfwpiDCCC
RDC EphrfdC hpulpidifgC pvC ftdC IWYC wiC rhhdggwyedC ephreC hpif1peC lridegC atd1dod1C

lpggwyedDC
2DC GtdC udhtriwhreC hpif1rhfp1C gtreeC wigfreeC reeC wi ewidC sdowhdgC g,htC rgC fduld1rf,1dC

adeegcCl1dgg,1dCfrlgcCrw1vepaCgfrfwpigcCdfhDCCC
JDC Pil,fCjepaCSdrg,1winCBdowhdgCgtreeCydC wigfreedsCwiCgf1whfChpulewrihdCawftCWYSMC

n,wsdewidgCrvvdhfwinCipi gfrisr1sCrll1prhtChpiswfwpigDC
.DC -,fgwsdCWw1CYdigp1gC

rDC Ydigp1gCgtreeCydCup,ifdsCpiCftdCOp1ftCareeCfpCuwiwuw7dCgper1C1rswrifCtdrfC
wulrhfCp1C ephrfdsC wiCrChpifwi,p,gC wifr:dC vepaCrsd),rfdCfpCupiwfp1Cp,fgwsdC
rw1ChpiswfwpigCrhh,1rfdemDC

yDC Ydigp1gCgtreeCydCwigfreedsCawftCrC1rwiCl1ppvcCld1vp1rfdsChpod1DC
/DC Nrfd1CBwvvd1difwreCX1dgg,1dCYdigp1gCCC

rDC Bwvvd1difwreCl1dgg,1dCf1riguwffd1gC,gdsCvp1CvepaCudrg,1dudifCgtreeCydCgw7dsC
fpCftdCvepa gdigwinCsdowhdDC

yDC Bwvvd1difwreC l1dgg,1dC f1riguwffd1gC gtreeC ydC g,llewdsC awftC fddC vwffwingC risC
gt,f pvvCoreodgCwiCftdCtwntCrisCepaCgdigwinClwh: ,lCewidgDC

hDC GtdC f1riguwffd1gC gtreeC ydC wigfreedsC wiC riC rhhdggwyedC ephrfwpiC atd1dod1C
lpggwyedDC

'DC Sdsw,uCfpCwntCBwvvd1difwreCNrfd1CX1dgg,1dCWllewhrfwpigCb-od1CR9¼CaDhD(qCC
rDC Ww1CyeddsC,iwfgcCymlrggCoreodgCrisChpul1dggwpiCvwffwingCgtreeCydCl1powsdsDC

=DC I,weswinCBwvvd1difwreCWw1CX1dgg,1dCWllewhrfwpigCb 9¼CfpC®9¼CaDhD(qCC
rDC G1riguwffd1gCd’fd1wp1CgdigwinCfwlCgtreeCydCwigfreedsCawftCrCgtwdesdsCgfrfwhCrw1C

l1pydCfpC1ds,hdCl1dgg,1dCve,hf,rfwpigChr,gdsCymCawisDCCC
yDC GtdC wifd1wp1C fwlC gtreeC ydC wihpiglwh,p,gC risC ephrfdsC rgC gtpaiC piC ftdC

s1rawingDC
3DC B,hfCGduld1rf,1dCYdigp1gqCC

rDC B,hfCup,ifCgdigp1gCgtreeCup,ifC wiCriCdedhf1whreCyp’Cft1p,ntCrCtpedC wiCftdC
s,hfC risC ydC lpgwfwpidsC gpC rgC fpC ydC drgwemC rhhdggwyedC vp1C 1dlrw1C p1C
1dlerhdudifDCCC

yDC GtdC gdigp1gC gtreeC ydC wigd1fwpiC fmldC risC hpigf1,hfdsC rgC rC hpuledfdC
rggduyemCwihe,swinCeph:Ci,fCrisCup,ifwinClerfdDCCC

hDC jp1C s,hfap1:C n1drfd1C wiC rimC swudigwpiC ftriC J=C wihtdgC p1C atd1dC rw1C
fduld1rf,1dC gf1rfwvwhrfwpiC d’wgfgC g,htC rgC rC uw’dsC rw1C ledi,ucC ,fwew7dC riC
rod1rnwinCgdigp1DCC

sDC GtdCgdigp1CgtreeCydCup,ifdsC fpCg,wfryedCg,llp1fgC,gwinC vrhfp1mCrll1podsC
dedudifCtpesd1gDCCC

95DC YlrhdCYdigp1gqCC
rDC YtreeC ydC hpp1swirfdsC awftC W1htwfdhf,1reC lerigC risC up,ifdsC ld1C WBWC

1d),w1dudifgDCCC
yDC PiCl,yewhC r1drgCris0p1Catd1dC wiswhrfdsCpiClerigcC l1powsdC gdigp1gCawftp,fC

hpif1pegCwifd1vrhdcCris0p1CrCeph:ryedCwifd1vrhdDC
hDC YlrhdC rw1C fduld1rf,1dC gdigp1gC gtreeC ydC l1powsdsC wiC reeC Medhf1whrecC WFcC PGcC

BrfrcC GdedhpuC bGU(C risC Yd1od1C 1ppugDC C Ydigp1gC gtreeC ydC l1powsdsC awftC
swnwfreCswglermCpvCgdigdsCfduld1rf,1dDC

99DC Ww1CBwvvd1difwreCX1dgg,1dCYfrf,gCYawfhtdgqCC
rDC YfrfwhCl1dgg,1dCfwlgcCf,ywincCvwffwingcCrisCrw1Cvwefd1DC

9RDC Nrfd1CBwvvd1difwreCX1dgg,1dCYfrf,gCYawfhtdgqCC
rDC awftCgt,fCpvvCoreodgCvp1CwgperfwpiDC

92DC BpCipfChpod1Cp1ChpihdreCgdigp1gCawftCwig,erfwpiDC
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HDC FWTC-,fl,fCBdowhdgC
9DC WeeC p,fl,fC sdowhdgC gtreeC ydC wigfreedsC ld1C ftdC uri,vrhf,1d1kgC 1dhpuudisrfwpiDCC

GtdCudhtriwhreChpif1rhfp1CgtreeCwigfreeCreeCwi ewidCsdowhdgCg,htCrgChpif1peCoreodgcC
sruld1gcCrw1vepaCgfrfwpigcCl1dgg,1dCadeegcCdfhDC

RDC Whf,rfp1gqC C WeeC hpif1peC rhf,rfp1gC gtreeC ydC gw7dsC hrlryedC pvC hepgwinC rnrwigfC ftdC
ur’wu,uC gmgfduC gt,f pvvC l1dgg,1dDC C GtdC rhf,rfp1C gtreeC ups,erfdC wiC rC guppftC
vrgtwpiC ft1p,ntC ftdCdifw1dCgf1p:dDC CNtdiCrimClid,urfwhCrhf,rfp1C wgCgd),dihdsC
awftC ripftd1C sdowhdcC lwepfC lpgwfwpid1gC gtreeC ydC wigfreedsC fpC reepaC vp1C l1pld1C
gd),dihwinDC

2DC Tpif1peCFreodgqCC
rDC YtreeC ydC gw7dsC vp1C l1pld1C vepaC hpif1peCawftC d),reC ld1hdifrndC oreodC le,ngDCC

GtdCur’wu,uCl1dgg,1dCs1plCvp1Carfd1CrllewhrfwpigCgtreeCydC.CXYPDCCC
yDC PigfreeCoreodgCwiClwlwinCawftCgfdugCrgCod1fwhreCrgClpggwyedCy,fCwiCipChrgdCedggC

ftriC vp1fm vwodC bJ.(C sdn1ddgC v1puC od1fwhreDC C jp1C gpesd1dsC p1C adesdsC
hpiidhfwpigcC1dupodCoreodCwifd1iregCydvp1dCwigfreerfwpiDC

hDC Nw1dCdedhf1whCoreodgCwiCrhhp1srihdCawftCOjXWC'5CawftCipfCedggCftriCfapCbR(C
vddfC pvC ved’wyedC ew),wsfwntfC hpiidhfp1C awftC arfd1fwntfC y,gtwingC rfC ftdC oreodC
rhf,rfp1CrisChpis,wfCfd1uwirfwpiDCCI1rhdChpis,wfCfpCftdCy,weswinCgf1,hf,1dCfpC
l1dodifCupodudifCrisCsrurndDC

JDC Medhf1piwhCYwnireCPgperfwpiCG1rigs,hd1gqCNtdidod1CriCrirepnCp,fl,fCgwnireCv1puC
ftdCI,weswinCW,fpurfwpiC wgC fpCydChpiidhfdsCfpCriCd’fd1ireChpif1peCgmgfduCrgCriC
wil,fcCp1CwgCfpC1dhdwodCrgCriCwil,fCrCgwnireCv1puCrC1dupfdCgmgfducCl1powsdCrCgwnireC
wgperfwpiC f1rigs,hd1DC C YwnireC wgperfwpiC f1rigs,hd1C gtreeC l1powsdC n1p,isC leridC
wgperfwpiC ydfaddiC gmgfdugDC C YwniregC gtreeC l1powsdC plfwhreC wgperfwpiC ydfaddiC
gmgfdugDC

DC ErydeCPigfreerfwpiC
9DC PigfreeC p1C ld1uridifemC vrgfdiC erydegC piC drhtCurxp1C wfduC pvC fduld1rf,1dC hpif1peC

d),wludifDC
RDC EphrfdCerydegCatd1dCrhhdggwyedCrisCowgwyedDC
2DC jp1Cd),wludifcCsdowhdgcCgdigp1gcCdfhDC ephrfdsCrypodCftdChdwewincC wiCrsswfwpiCfpCrC

erydeC piC ftdCd),wludifcC erydegCr1dC fpCydCld1uridifemCrvvw’dsC fpC ftdC hdwewinCn1wsC
v1ruwinCrgCidr1C fpC ftdC wfduCrgClpggwyedC,gwinCdlp’mCne,dDCNtd1dCtr1sChdwewingC
r1dC,gdscCftdCerydeCwgCfpCydCrvvw’dsCfpCftdCv1rudCpvCftdCrhhdggClrideCvp1CftdC,iwfDC

2DJC GUWPOPOHCC

WDC GtdCuri,vrhf,1d1CgtreeCl1powsdCrCvrhfp1mCf1rwidsCwigf1,hfp1CfpCnwodCipfCedggCftriC=Ctp,1gC
pvC v,eeC wigf1,hfwpiC fpC sdgwnirfdsC ld1gpiideC wiC ftdC pld1rfwpiC pvC ftdC gmgfduC wigfreedsDCC
Pigf1,hfp1gCgtreeCydCftp1p,ntemCvruwewr1CawftCreeCrgldhfgCpvCftdCg,yxdhfCurffd1CftdmCr1dCfpC
fdrhtDCCC

IDC X1powsdCf1rwiwinCvp1C-aid1KgCsdgwnirfdsCpld1rfwinCld1gpiideDCCG1rwiwinCgtreeCwihe,sdqC
9DC M’lerirfwpiCpvCs1rawingcCpld1rfwpigCrisCurwifdirihdCuri,regC
RDC Nre: ft1p,ntCpvCftdCxpyCfpCephrfdChpif1peChpulpidifgC
2DC -ld1rfp1Cap1:gfrfwpiCrisCld1wltd1regC
JDC BBTChpif1peed1CrisCWYTCpld1rfwpi0v,ihfwpiC
.DC -ld1rfp1C hpif1peC v,ihfwpigC wihe,swinC n1rltwhC ndid1rfwpiC risC vwdesC lrideC

l1pn1ruuwinC
/DC M’lerirfwpiCpvCrsx,gfudifcChrewy1rfwpiCrisC1dlerhdudifCl1phds,1dgC
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'DC Medhf1piwhCTrfrepnCrisCSrfd1wregCC

TDC YwihdCftdC-aid1CurmC1d),w1dCld1gpiideCfpCtrodCup1dChpul1dtdigwodC,isd1gfriswinCpvC
ftdC tr1sar1dC risC gpvfar1dcC rsswfwpireC f1rwiwinC u,gfC ydC rorweryedC v1puC ftdC
Sri,vrhf,1d1DCCPvCg,htCf1rwiwinCwgC1d),w1dsCymCftdC-aid1cCwfCaweeCydChpif1rhfdsCrfCrCerfd1C
srfdDC

2D.C T-SSPYYP-OPOHcCGMYGPOHCWOBCWTTMXGWOTMC

WDC Xd1vp1uCrCft1dd ltrgdChpuuwggwpiwinCl1phds,1dChpigwgfwinCpvCvwdesCP0-Chrewy1rfwpiCrisC
hpuuwggwpiwincCgmgfduChpuuwggwpiwinCrisCwifdn1rfdsCgmgfduCl1pn1ruChpuuwggwpiwinDC
Bph,udifCreeChpuuwggwpiwinCwivp1urfwpiCpiChpuuwggwpiwinCsrfrCgtddfgCatwhtCgtreeCydC
g,yuwffdsCl1wp1CfpCrhhdlfrihdCfdgfwinDCTpuuwggwpiwinCap1:CatwhtC1d),w1dgCgt,fspaiCpvC
gmgfduCp1CsdowrfwpiCv1puCip1ureCv,ihfwpiCgtreeCydCld1vp1udsCatdiCftdCpld1rfwpiCpvCftdC
gmgfduC wgC ipfC 1d),w1dsDCGtdC hpuuwggwpiwinCu,gfC ydC hpp1swirfdsCawftC ftdC paid1C risC
hpigf1,hfwpiC urirnd1C fpC dig,1dC gmgfdugC r1dC rorweryedC atdiC iddsdsDC OpfwvmC ftdC
pld1rfwinCld1gpireCwiCa1wfwinCpvCftdCfdgfwinCghtds,edCgpCftrfCr,ftp1w7dsCld1gpiideCv1puC
ftdC paid1C risC hpigf1,hfwpiC urirnd1C r1dC l1dgdifC ft1p,ntp,fC ftdC hpuuwggwpiwinC
l1phds,1dDC
9DC X1wp1CfpCgmgfduCl1pn1ruChpuuwggwpiwincCod1wvmCftrfCdrhtChpif1peClrideCtrgCyddiC

wigfreedsCrhhp1swinC fpClerigcC gldhwvwhrfwpigcC risCrll1podsCgtplCs1rawingDCGdgfcC
hrewy1rfdC risC y1winC piewidC drhtC hpif1peC gdigp1C risC sdowhdDC TpuuwggwpiwinC fpC
wihe,sdcCy,fCipfCydCewuwfdsCfpqC
rDC Ydigp1Crhh,1rhmCrfC95cC.5CrisC35ZCpvC1rindDC
yDC Ydigp1C1rindDC
hDC Fd1wvmCrirepnCewuwfCrisCywir1mCrer1uC1dlp1fwinDC
sDC XpwifCore,dC1dlp1fwinDC
dDC Iwir1mCrer1uCrisCgawfhtCgdffwingDC
vDC Whf,rfp1C1rindgDC
nDC jrweC grvdC pld1rfwpiC piC epggC pvC hpif1peC gwnirecC dedhf1whC lpad1cC idfap1:C

hpuu,iwhrfwpigDC

IDC Wvfd1Chpif1peCsdowhdgCtrodCyddiChpuuwggwpidsCbwDdDChrewy1rfdscCfdgfdsCrisCgwnidsCpvv(cC
drhtCIWYCl1pn1ruCgtreeCydCl,fCpiCewidCrisChpuuwggwpidsDCGtdChpif1rhfp1CgtreecCwiCftdC
l1dgdihdC pvC ftdC paid1C risC hpigf1,hfwpiC urirnd1cC sdupigf1rfdC drhtC l1pn1ruudsC
gd),dihdCpvCpld1rfwpiCrisChpulr1dCftdC1dg,efgCwiCa1wfwinDCPiCrsswfwpicCdrhtChpif1peCepplC
gtreeC ydC fdgfdsC fpC od1wvmC l1pld1C 1dglpigdC risC gfryedC hpif1pecC awftwiC gldhwvwdsC
rhh,1rhwdgDC YmgfduC l1pn1ruC fdgfC 1dg,efgC gtreeC ydC 1dhp1sdsC piC hpuuwggwpiwinC srfrC
gtddfgCrisCg,yuwffdsCvp1C1dhp1sDCWimCswgh1dlrihwdgCydfaddiCftdCgldhwvwhrfwpiCrisCftdC
rhf,reCld1vp1urihdCaweeCydCwuudswrfdemC1dhfwvwdsCrisC1dfdgfdsDC

TDC Wvfd1CreeCIWYCl1pn1rugCtrodCyddiChpuuwggwpidscCftdChpif1rhfp1CgtreeCod1wvmCftdCpod1reeC
gmgfduCld1vp1urihdCrgCgldhwvwdsDCGdgfgCgtreeCwihe,sdcCy,fCipfCydCewuwfdsCfpqC
9DC BrfrChpuu,iwhrfwpicCypftCip1ureCrisCvrwe,1dCupsdgDC
RDC j,eemCeprsdsCgmgfduC1dglpigdCfwudDC
2DC PulrhfCpvChpulpidifCvrwe,1dgCpiCgmgfduCld1vp1urihdCrisCgmgfduCpld1rfwpiDC
JDC Gwud0BrfdChtrindgDC
.DC MisCpvCupift0CdisCpvCmdr1Cpld1rfwpiDC
/DC YdrgpiChtrindpod1DC
'DC HepyreCrllewhrfwpiCl1pn1rugCrisClpwifCgtr1winDC
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=DC YmgfduCyrh:,lCrisC1deprswinDC
3DC YmgfduCgfrf,gCswglermgDC
95DC BwrnipgfwhCv,ihfwpigDC
99DC Xpad1Cvrwe,1dC1p,fwidgDC
9RDC Irffd1mCyrh:,lDC
92DC GdgfwinCpvCreeCdedhf1whreCrisCFWTCgmgfdugCawftCpftd1CswowgwpiCpvCap1:DC

BDC Y,yuwfC vp1C rll1porecC rC sdfrwedsC rhhdlfrihdC fdgfC l1phds,1dC sdgwnidsC fpC sdupigf1rfdC
hpulewrihdC awftC hpif1rhf,reC 1d),w1dudifgDC GtwgC WhhdlfrihdC fdgfC l1phds,1dC aweeC fr:dC
lerhdC rvfd1C ftdC hpuuwggwpiwinC l1phds,1dC y,fC ydvp1dC vwireC rhhdlfrihdcC fpC od1wvmC ftrfC
gdigp1gC risC hpif1peC sdowhdgC urwifrwiC gldhwvwdsC rhh,1rhwdgC risC ftdC gmgfduC
ld1vp1urihdCspdgCipfCsdn1rsdCpod1CfwudDC

MDC 6gwinCftdChpuuwggwpiwinCfdgfCsrfrCgtddfgcCftdChpif1rhfp1CgtreeCsdupigf1rfdCdrhtClpwifDC
GtdC hpif1rhfp1C gtreeC regpC sdupigf1rfdC reeC gmgfduC v,ihfwpigDC GtdC hpif1rhfp1C gtreeC
sdupigf1rfdC reeC lpwifgC risC gmgfduC v,ihfwpigC ,ifweC reeC sdowhdgC risC v,ihfwpigC uddfC
gldhwvwhrfwpiDC

jDC GtdChpif1rhfp1CgtreeCg,llemCreeCwigf1,udifgCvp1CfdgfwinDC
9DC GdgfCPigf1,udifCWhh,1rhmqCC

rDC Gduld1rf,1dqCCzCjCp1C—ZCv,eeCghredcCatwhtdod1CwgCedggDC
yDC wntCX1dgg,1dqCC—ClgwCp1C—ZCv,eeCghredcCatwhtdod1CwgCedggDC
hDC EpaCX1dgg,1dqCC—ZCv,eeCghredC
sDC ,uwswfmqCCRZCUC
dDC Medhf1whreqCCzZCv,eeCghredC

HDC Wvfd1C ftdCrypodCfdgfgCr1dChpuledfdCrisCftdCgmgfduCwgCsdupigf1rfdsC fpCydC v,ihfwpiwinC
rgCgldhwvwdscCrCftw1fm srmCld1vp1urihdCfdgfCld1wpsCgtreeCydnwiDCPvCftdCgmgfduCld1vp1ugCrgC
gldhwvwdsC ft1p,ntp,fC ftdC fdgfC ld1wpscC 1d),w1winC piemC 1p,fwidC urwifdirihdcC ftdC gmgfduC
gtreeC ydC rhhdlfdsDC PvC ftdC gmgfduC vrwegC s,1winC ftdC fdgfcC risC hriipfC ydC v,eemC hp11dhfdsC
awftwiCdwntfCtp,1gcCftdCpaid1CurmC1d),dgfCftrfCld1vp1urihdCfdgfgCydC1dldrfdsDC

2D/C GMSXMUWG6UMCT-OGU-EC

WDC GtdC hpif1peC gd),dihdC pvC pld1rfwpigC sdgh1wydC ftdC ndid1reC pld1rfwpireC wifdifC pvC ftdC
hpif1peC gmgfdugDC C X1powsdC reeC tr1sar1dcC gpvfar1dcC sdowhdgcC d),wludifC risC aw1winC rgC
1d),w1dsCfpCld1vp1uCftdCpld1rfwpireC wifdifCsdgh1wydsCymCftdCor1wp,gChpif1peCgd),dihdgC
risCfpCv,eemCwifd1vrhdCawftCftdCy,weswinCr,fpurfwpiCgmgfduCbIWY(DC

IDC GtdChpif1peCswrn1rugC wiswhrfdC ftdCndid1reCr11rindudifCpvCgmgfduChpulpidifgC fpC ftdC
d’fdifCftrfCftdmCrvvdhfCl1phdggCvepaCp1Chpif1peDCCOpfCreeC1d),w1dsChpulpidifgCr1dCgtpaiC
piCftdChpif1peCswrn1rugDCCGtdChpif1rhfp1CgtreeCftp1p,ntemC1dowdaCreeChpif1rhfCsph,udifgC
fpCrghd1frwiCftdCv,eeCghpldCpvCftdw1Cap1:DC

TDC WC v,eeC hpuu,iwhrfwpiC wifd1vrhdC risC hpuledfdC wifd1pld1rywewfmC awftC ftdC IWYC gtreeC ydC
l1powsdsC fpC ld1vp1uC ftdC v,ihfwpigC td1dwiC sdgh1wydsC p1C wiswhrfdsC wiC ftdC hpif1rhfC
sph,udifgDCCC

BDC jp1Cd),wludifCawftCvrhfp1mChpif1peed1gqC
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9DC GtdCIWYCl1powsd1CrisCftdCd),wludifCuri,vrhf,1d1CgtreeCl1powsdCrChpuledfdCewgfC
pvC reeC IWTOMGC lpwifgC rorweryedC fpC ydC rhhdggdsC v1puCawftwiC ftdCuri,vrhf,1d1kgC
vrhfp1mC hpif1peed1gC riscC gldhwvwhreemcC wsdifwvmC atrfC lpwifgC hriC ydC 1drsC v1puC ftdC
IWYcCatwhtClpwifgChriCydCa1wffdiCfppCrisCatwhtClpwifgChriipfCydCrhhdggdsCrfCreeDC

RDC GtdC IWYC g,yuwffrecC gd),dihdgC risC lpwifgC ewgfC gtreeC wiswhrfdC 1p,fwidgC ftrfC r1dC
hpif1peedsC hpuledfdemC v1puC ftdC uri,vrhf,1d1kgC hpif1peed1gcC atwhtC 1p,fwidgC r1dC
hpif1peedsClr1fwreemCymCftdCuri,vrhf,1d1kgChpif1peed1gCrisCIWYCrisCatwhtC1p,fwidgC
r1dChpif1peedsChpuledfdemCymCftdCIWYDC

2DC GtdC IWYC l1powsd1C risC d),wludifC uri,vrhf,1d1cC wiC hpeeryp1rfwpicC gtreeC l1powsdC
hpp1swirfdsC g,yuwffregC ftrfC wiswhrfdC rimftwinC ftrfC trgC fpC ydC gdfcC 1dgdfC p1C
rhhdggdsCwiCrCuri,vrhf,1d1kgChpif1peed1CrfCftdClwdhdCpvCd),wludifCrgCpllpgdsCfpC
ydwinC rhhdggdsC rfC p1C v1puC ftdC IWYC ,gd1C wifd1vrhd0hpif1peed1C hpigpedDC C GtwgC
hpp1swirfwpiCrisChpeeryp1rfwpiCgtreeCphh,1CrfCftdCg,yuwffreCltrgdCrisCadeeCydvp1dC
d),wludifCrisChpif1pegCr1dCsdewod1dsCfpCftdCgwfdDC

MDC 6iedggC pftd1awgdC ipfdscC gw7dC reeC r,fpurfwhC hpif1peC oreodgC vp1Cur’wu,uC fdiC b95(C vddfC
arfd1Cl1dgg,1dCs1plCrfCur’wu,uCsdgwniCvepaC1rfdDC

jDC Udvd1C fpC s1rawingC vp1C ephrfwpigC pvC reeC fd1uwireC ,iwfgcC 1ppuC gdigp1gcC lridegcC sruld1gcC
oreodgcCrisCd),wludif8Catd1dCg,htCsdowhdgCr1dCipfCwiswhrfdscCtpadod1Cr1dC1d),w1dsCymC
ftdChpif1peC gd),dihdgC fpCrhtwdodC ftdC wifdisdsCpld1rfwpicC ftdmC gtreeC ydCl1powsdsCrisC
ephrfdsCwiCftdCvwdesCatd1dCsw1dhfdsCymCftdCdinwidd1DC

HDC BwowgwpiCR/CgtreeCl1powsdCreeCsdfdhfwpiCsdowhdgCbtdrf0gup:d(CrgC1d),w1dsCymCftdChpif1rhfC
sph,udifgDCCBwowgwpiCR2CgtreeCwigfreeCreeCsdfdhfwpiCsdowhdgCwihe,swinC1d),w1dsChpif1peCrisC
lpad1C aw1winC 1d),w1dsC vp1C udhtriwhreC gmgfdugDC C BdfdhfwpiC sdowhdgC gtreeC l1powsdC
r,fpurfwhC gt,fspaiC pvC ftdC FWTC gmgfdugC wiC rhhp1srihdC awftC ftdC Pifd1irfwpireC
SdhtriwhreCTpsdDC

DC WeeC fduld1rf,1dcC t,uwswfmcC l1dgg,1dcC fwudcC dfhDC gdfC lpwifgC gtreeC ydC v,eemC rsx,gfryedC
ft1p,ntC ftdC IWYDC C jwireC gmgfduC gdflpwifgC aweeC ydC hpivw1udsC ft1p,ntC gmgfduC
hpuuwggwpiwinC risC vw’dsC l1wp1C fpC y,weswinC phh,lrihmDC C Gtd1drvfd1C gdflpwifgC gtreeC ydC
rsx,gfryedCft1p,ntCftdCIWYCymCf1rwidsCurwifdirihdCgfrvvDC

PDC WeeCfapClpgwfwpiCsruld1gCrisCoreodgCgtreeCydCl1podiCpldiCymCftdC,gdCpvCdisCgawfhtdgDC

"DC WeeC hpif1peC sdowhdgC ephrfdsC awftwiC htduwhreC gfp1rndC r1drgC gtreeC ydC d’lepgwpiC l1ppvC
g,wfryemC1rfdsCvp1CdrhtCgldhwvwhCrllewhrfwpiDC

QDC Udvd1C fpC wiswows,reC wil,f0p,fl,fC g,uur1mC ghtds,edgC vp1C rsswfwpireC hpif1peCsdowhdgCipfC
gldhwvwhreemC sdgh1wydsC wiC ftdC hpif1peC ir11rfwodgDC C Pil,f0p,fl,fC g,uur1mC ghtds,edgC r1dC
uwiwu,uC 1d),w1dudifg8C l1powsdC reeC 1d),w1dsC lpwifgC vp1C hpuledfdC pld1rfwpiC pvC ftdC
gmgfdugDC
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SECTION 232113 - HYDRONIC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes pipe and fitting materials and joining methods for the following: 
1. Copper tube and fittings. 
2. Steel pipe and fittings. 
3. Joining materials. 
4. Dielectric fittings. 

B. Related Sections: 
1. Section 232513 "Water Treatment for Closed-Loop Hydronic Systems" for 

cleaning and flushing requirements. 
2. Section 232516 "Water Treatment for Open-Loop Hydronic Systems" for cleaning 

and flushing requirements. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of the following: 
1. Pipe. 
2. Fittings. 
3. Joining materials. 

B. Flushing and Cleaning Plan:  Contractor is to submit a written plan and drawings for 
the flushing and cleaning plan.  The plan is to include all procedures and shutdowns 
necessary.  Plans are to identify temporary and permanent fill points, vents, bypasses, 
valves, gauges, and other appurtenances needed.    

1.4 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.5 QUALITY ASSURANCE 

A. Steel Support Welding: Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 
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B. Pipe Welding: Qualify procedures and operators according to ASME Boiler and 
Pressure Vessel Code: Section IX. 

1. Comply with ASME B31.9, "Building Services Piping," for materials, products, 
and installation. 

2. Certify that each welder has passed AWS qualification tests for welding 
processes involved and that certification is current. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the 
following minimum working pressure and temperature unless otherwise indicated: 
1. Hot-Water Heating Piping: 125 psig at 250 deg F. 
2. Chilled-Water Piping: 125 psig at 250 deg F. 
3. Condensate-Drain Piping: 180 deg F. 
4. Air-Vent Piping: 180 deg F. 
5. Safety-Valve-Inlet and -Outlet Piping: Equal to the pressure of the piping system 

to which it is attached. 

2.2 PIPING MATERIALS 

A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, 
fitting materials, and joining methods for specific services, service locations, and pipe 
sizes. 

B. All pipe and fittings shall be from a United States domestic manufacturer. 

2.3 COPPER TUBE AND FITTINGS 

A. Hard Copper Tube: ASTM B 88, Type L and ASTM B 88, Type M water tube, drawn 
temper. 

B. Soft Copper Tube: ASTM B 88, Type K water tube, annealed temper. 

C. DWV Copper Tubing: ASTM B 306, Type DWV. 

D. Wrought-Copper, Solder-Joint Fittings: ASME B16.22, wrought-copper pressure 
fittings. 

E. Wrought-Copper Unions: ASME B16.22. 

F. Copper Press Joint Fittings: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Apollo Valves; Conbraco Industries, Inc. 
b. Elkhart Products Corporation 
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c. Mueller Industries, Inc.   
d. NIBCO INC.   
e. Viega LLC 

2. Description: 
a. Cast- or wrought-copper press-connect fitting complying with material 

requirements of ASME B16.18 or ASME B16.22 and performance criteria 
of ASME B16.51 and IAPMO PS 117. 

b. Sealing elements for press fittings shall be factory installed EPDM. 
c. Press end fittings shall have technology to allow identification of an 

unpressed fitting. 

2.4 STEEL PIPE AND FITTINGS 

A. Steel Pipe: ASTM A 53/A 53M, black steel with plain ends; welded and seamless, 
Grade B, and wall thickness as indicated in "Piping Applications" Article. 

B. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150. 

C. Malleable-Iron Unions: ASME B16.39; Classes 150. 

D. Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe. 

E. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings: ASME B16.5, including 
bolts, nuts, and gaskets of the following material group, end connections, and facings: 
1. Material Group: 1.1. 
2. End Connections: Butt welding. 
3. Facings: Raised face. 

F. Grooved Mechanical-Joint Fittings and Couplings: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Victaulic Company 

2. Joint Fittings: ASTM A 536, Grade 65-45-12 ductile iron; ASTM A 47/A 47M, 
Grade 32510 malleable iron; ASTM A 53/A 53M, Type F, E, or S, Grade B 
fabricated steel; or ASTM A 106/A 106M, Grade B steel fittings with grooves or 
shoulders constructed to accept grooved-end couplings; with nuts, bolts, locking 
pin, locking toggle, or lugs to secure grooved pipe and fittings. 

3. Couplings: Ductile- or malleable-iron housing and EPDM or nitrile gasket of 
central cavity pressure-responsive design; with nuts, bolts, locking pin, locking 
toggle, or lugs to secure grooved pipe and fittings. 

2.5 JOINING MATERIALS 

A. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping 
system contents. 
1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness 

unless otherwise indicated. 
a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges. 
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges. 
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B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated. 

C. Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux 
according to ASTM B 813. 

D. Brazing Filler Metals: AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for 
joining copper with copper; or BAg-1, silver alloy for joining copper with bronze or steel. 

E. Welding Filler Metals: Comply with AWS D10.12M/D10.12 for welding materials 
appropriate for wall thickness and chemical analysis of steel pipe being welded. 

2.6 DIELECTRIC FITTINGS 

A. General Requirements: Assembly of copper alloy and ferrous materials with separating 
nonconductive insulating material. Include end connections compatible with pipes to be 
joined. 

B. Dielectric unions shall not be used.  In lieu of dielectric union, use an approved brass 
fitting. 

C. Dielectric Flanges: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. WATTS   
b. Wilkins   
c. Zurn Industries, LLC 

2. Standard: ASSE 1079. 
3. Factory-fabricated, bolted, companion-flange assembly. 
4. Pressure Rating: 150 psig minimum at 180 deg F. 
5. End Connections: Solder-joint copper alloy and threaded ferrous; threaded 

solder-joint copper alloy and threaded ferrous. 

D. Dielectric-Flange Insulating Kits: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Advance Products & Systems, Inc 
b. Calpico, Inc   
c. Central Plastics Company   
d. Pipeline Seal and Insulator, Inc 

2. Description: 
a. Nonconducting materials for field assembly of companion flanges. 
b. Pressure Rating: 150 psig. 
c. Gasket: Neoprene or phenolic. 
d. Bolt Sleeves: Phenolic or polyethylene. 
e. Washers: Phenolic with steel backing washers. 
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PART 3 - EXECUTION 

3.1 PIPING INSTALLATIONS 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
piping systems. Install piping as indicated unless deviations to layout are approved on 
Coordination Drawings. 

B. Install piping in concealed locations unless otherwise indicated and except in 
equipment rooms and service areas. 

C. Install piping indicated to be exposed and piping in equipment rooms and service areas 
at right angles or parallel to building walls. Diagonal runs are prohibited unless 
specifically indicated otherwise. 

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel 
removal. 

E. Install piping to permit valve servicing. 

F. Install piping at indicated slopes. 

G. Install piping free of sags and bends. 

H. Install fittings for changes in direction and branch connections. 

I. Install piping to allow application of insulation. 

J. Select system components with pressure rating equal to or greater than system 
operating pressure. 

K. Install groups of pipes parallel to each other, spaced to permit applying insulation and 
servicing of valves. 

L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded 
nipple with cap, at low points in piping system mains and elsewhere as required for 
system drainage. 

M. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 

N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 

O. Install branch connections to mains using tee fittings in main pipe, with the branch 
connected to the bottom of the main pipe. For up-feed risers, connect the branch to the 
top of the main pipe. 

P. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of 
equipment, and elsewhere as indicated. 

Q. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and 
elsewhere as indicated. 
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R. Install shutoff valve immediately upstream of each dielectric fitting. 

S. Comply with requirements in Section 230516 "Expansion Fittings and Loops for HVAC 
Piping" for installation of expansion loops, expansion joints, anchors, and pipe 
alignment guides. 

T. Comply with requirements in Section 230553 "Identification for HVAC Piping and 
Equipment" for identifying piping. 

U. Install sleeves for piping penetrations of walls, ceilings, and floors.  

V. Install sleeve seals for piping penetrations of exterior concrete walls and slabs on 
grade.  

W. Install escutcheons for exposed piping penetrations of finished walls, ceilings, and 
floors.  

3.2 JOINT CONSTRUCTION 

A. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe. 

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

C. Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated, 
to tube end. Construct joints according to ASTM B 828 or CDA's "Copper Tube 
Handbook," using lead-free solder alloy complying with ASTM B 32. 

D. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and 
Tube" Chapter, using copper-phosphorus brazing filler metal complying with 
AWS A5.8/A5.8M. 

E. Press Fit Joints for Copper Tubing: Press connections shall be made in accordance 
with the manufacturer’s installation instructions. Clean end of tube.  The tubing shall be 
fully inserted into the fitting and the tubing marked at the shoulder of the fitting.  The 
fitting alignment shall be checked against the mark on the tubing to assure the tubing is 
fully engaged (inserted) in the fitting. The joints shall be pressed using the tool(s) 
approved by the manufacturer. 

F. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. 
Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs 
and restore full ID. Join pipe fittings and valves as follows: 
1. Apply appropriate tape or thread compound to external pipe threads unless dry 

seal threading is specified. 
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded 

or damaged. Do not use pipe sections that have cracked or open welds. 

G. Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified 
processes and welding operators according to "Quality Assurance" Article. 
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H. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service 
application. Install gasket concentrically positioned. Use suitable lubricants on bolt 
threads. 

I. Grooved Joints: Assemble joints with coupling and gasket, lubricant, and bolts. Cut or 
roll grooves in ends of pipe based on pipe and coupling manufacturer's written 
instructions for pipe wall thickness. Use grooved-end fittings and rigid, grooved-end-
pipe couplings. 

3.3 INSTALLATION OF DIELECTRIC FITTINGS  

A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing. 

B. Dielectric Fittings for NPS 2 and Smaller: Use approved brass fitting. 

C. Dielectric Fittings for NPS 2-1/2 to NPS 4: Use dielectric flanges. 

D. Dielectric Fittings for NPS 5 and Larger: Use dielectric flange kits. 

3.4 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping 
and Equipment" for hanger, support, and anchor devices. Comply with the following 
requirements for maximum spacing of supports. 

B. Comply with requirements in Section 230548 "Vibration and Seismic Controls for 
HVAC" for seismic restraints. 

C. Install hangers for copper tubing and steel piping, with maximum horizontal spacing 
and minimum rod diameters, to comply with MSS-58, locally enforced codes, and 
authorities having jurisdiction requirements, whichever are most stringent. 

D. Support horizontal piping within 12 inches of each fitting and coupling. 

E. Support vertical runs of copper tubing and steel piping to comply with MSS-58, locally 
enforced codes, and authorities having jurisdiction requirements, whichever are most 
stringent. 

3.5 TERMINAL EQUIPMENT CONNECTIONS 

A. Sizes for supply and return piping connections shall be the same as or larger than 
equipment connections. 

B. Install control valves in accessible locations close to connected equipment. 

C. Install ports for pressure gages and thermometers at coil inlet and outlet connections.  
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3.6 IDENTIFICATION 

A. Identify system components. Comply with requirements for identification materials and 
installation in Section 230553 "Identification for HVAC Piping and Equipment." 

3.7 FIELD QUALITY CONTROL 

A. Prepare hydronic piping according to ASME B31.9 and as follows: 
1. Leave joints, including welds, uninsulated and exposed for examination during 

test. 
2. Provide temporary restraints for expansion joints that cannot sustain reactions 

due to test pressure. If temporary restraints are impractical, isolate expansion 
joints from testing. 

3. Flush hydronic piping systems with clean water; then remove and clean or 
replace strainer screens. 

4. Provide equipment bypasses to isolate components from piping where metal slag 
and filings are prone to collect (such as chillers, boilers, air handling units, fan 
coil units, air terminal units, etc).  If a valve is used to isolate equipment, its 
closure shall be capable of sealing against test pressure without damage to 
valve. Install blinds in flanged joints to isolate equipment. 

5. Install safety valve, set at a pressure no more than one-third higher than test 
pressure, to protect against damage by expanding liquid or other source of 
overpressure during test. 

B. Perform the following tests on hydronic piping: 
1. Use ambient temperature water as a testing medium unless there is risk of 

damage due to freezing. Another liquid that is safe for workers and compatible 
with piping may be used. 

2. While filling system, use vents installed at high points of system to release air. 
Use drains installed at low points for complete draining of test liquid. 

3. Isolate expansion tanks and determine that hydronic system is full of water. 
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times 

the system's working pressure or a minimum of 100 pounds per square inch 
gauge (psig), whichever is greater. Test pressure shall not exceed maximum 
pressure for any vessel, pump, valve, or other component in system under test.  

5. After hydrostatic test pressure has been applied for at least 15 minutes, examine 
piping, joints, and connections for leakage. Eliminate leaks by tightening, 
repairing, or replacing components, and repeat hydrostatic test until there are no 
leaks. 

6. Prepare written report of testing. 
7. Contractor shall provide minimum 48 hours’ notice prior to testing to allow the 

Architect, Engineer, Commissioning Agent, Owner or his representative the 
opportunity to attend.   

8. Tests shall be conducted and written report of testing submitted before any 
insulation is installed.  Insulation installed prior to tests shall be removed.   

C. Perform the following additional tests on welded piping: 
1. Ultrasonically test ten (10) of the full penetration field welds in the chilled water 

supply and return systems.  Testing shall be performed by a qualified 
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independent testing contractor.  All fillet and socket welds shall be visual and dye 
penetrant examined on the completed weld by a qualified individual. 

2. Provide documentation of each inspection of accepted or rejected welds.  
Provide report results within three working days for satisfactory results and one 
working day for unsatisfactory tests 

3. If any two (2) welds fail, all welds will be ultrasonically tested and repaired as 
required at the Contractor’s expense.   

4. Remove weld defects by grinding or chipping and repair or replace weld joints in 
accordance with approved procedures.  Restart all repaired joints. 

D. Perform the following before operating the system: 
1. Open manual valves fully. 
2. Inspect pumps for proper rotation. 
3. Set makeup pressure-reducing valves for required system pressure. 
4. Inspect air vents at high points of system and determine if all are installed and 

operating freely (automatic type), or bleed air completely (manual type). 
5. Set temperature controls so all coils are calling for full flow. 
6. Verify lubrication of motors and bearings. 

3.8 PIPING SCHEDULE 

A. Hot-water heating piping, aboveground, NPS 2 and smaller, shall be any of the 
following: 
1. Hard copper tube, ASTM B 88, Type L; wrought-copper, solder-joint fittings; and 

soldered joints. 
2. Hard copper tube, ASTM B 88, Type L; copper press fittings; and press joints. 
3. Schedule 40, Grade B steel pipe; Class 150, malleable-iron fittings; cast-iron 

flanges and flange fittings; and threaded joints. 

B. Chilled-water piping, aboveground, NPS 2 and smaller, shall be any of the following: 
1. Hard copper tube, ASTM B 88, Type L; wrought-copper, solder-joint fittings; and 

soldered joints. 
2. Hard copper tube, ASTM B 88, Type L; copper press fittings; and press joints. 
3. Schedule 40, Grade B steel pipe; Class 150, malleable-iron fittings; cast-iron 

flanges and flange fittings; and threaded joints. 

C. Condensate-Drain Piping: Type M or Type DWV, drawn-temper copper tubing, 
wrought-copper fittings, and soldered joints. 

D. Air-Vent Piping: 
1. Inlet: Same as service where installed with metal-to-plastic transition fittings for 

plastic piping systems according to piping manufacturer's written instructions. 
2. Outlet: Type K, annealed-temper copper tubing with soldered or flared joints. 

E. Safety-Valve-Inlet and -Outlet Piping for Hot-Water Piping: Same materials and joining 
methods as for piping specified for the service in which safety valve is installed. 

END OF SECTION 232113 
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SECTION 232116 - HYDRONIC PIPING SPECIALTIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Hydronic specialty valves. 
2. Air-control devices. 
3. Strainers. 
4. Connectors. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product: 
1. Include construction details and material descriptions for hydronic piping 

specialties. 
2. Include rated capacities, operating characteristics, and furnished specialties and 

accessories. 
3. Include flow and pressure drop curves based on manufacturer's testing for 

calibrated-orifice balancing valves and automatic flow-control valves. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For hydronic piping specialties to include in 
emergency, operation, and maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Pipe Welding: Qualify procedures and operators according to ASME Boiler and 
Pressure Vessel Code: Section IX. 

B. Safety Valves and Pressure Vessels: Shall bear the appropriate ASME label. Fabricate 
and stamp air separators and expansion tanks to comply with ASME Boiler and 
Pressure Vessel Code: Section VIII, Division 1. 
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PART 2 - PRODUCTS 

2.1 HYDRONIC SPECIALTY VALVES 

A. Ball, Butterfly, Check, Globe and Gate Valves:  Comply with requirements specified in 
Section 230523 "Valves for HVAC Piping." 

B. Automatic Temperature-Control Valves, Actuators, and Sensors:  Comply with 
requirements specified in Section 230900 "Building Automation and Temperature 
Control System." 

C. Bronze, Calibrated-Orifice, Balancing Valves: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. American Wheatley 
b. Armstrong Pumps, Inc   
c. Bell & Gossett; a Xylem brand 
d. Flow Design, Inc   
e. Griswold Controls   
f. Hays Fluid Controls 
g. Nexus Valve, Inc.   
h. NIBCO INC.   
i. TACO Comfort Solutions, Inc. 
j. Tour & Andersson; available through Victaulic Company 

2. Body: Bronze, ball or plug type with calibrated orifice or venturi. 
3. Ball: Brass or stainless steel. 
4. Plug: Resin. 
5. Seat: PTFE. 
6. End Connections: Threaded or socket. 
7. Pressure Gage Connections: Integral seals for portable differential pressure 

meter. 
8. Handle Style: Lever, with memory stop to retain set position. 
9. CWP Rating: Minimum 125 psig. 
10. Maximum Operating Temperature: 250 deg F. 

D. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. American Wheatley 
b. Armstrong Pumps, Inc   
c. Bell & Gossett; a Xylem brand 
d. Flow Design, Inc   
e. Griswold Controls   
f. Nexus Valve, Inc.   
g. NIBCO INC.   
h. TACO Comfort Solutions, Inc. 
i. Tour & Andersson; available through Victaulic Company 

2. Body: Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice or 
venturi. 

3. Ball: Brass or stainless steel. 
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4. Stem Seals: EPDM O-rings. 
5. Disc: Glass and carbon-filled PTFE. 
6. Seat: PTFE. 
7. End Connections: Flanged or grooved. 
8. Pressure Gage Connections: Integral seals for portable differential pressure 

meter. 
9. Handle Style: Lever, with memory stop to retain set position. 
10. CWP Rating: Minimum 125 psig. 
11. Maximum Operating Temperature: 250 deg F. 

E. Diaphragm-Operated, Pressure-Reducing Valves: ASME labeled. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. American Wheatley 
b. AMTROL, Inc.   
c. Apollo Flow Controls; Conbraco Industries, Inc. 
d. Armstrong Pumps, Inc   
e. Bell & Gossett; a Xylem brand 
f. Spence Engineering Company, Inc 
g. WATTS 

2. Body: Bronze or brass. 
3. Disc: Glass and carbon-filled PTFE. 
4. Seat: Brass. 
5. Stem Seals: EPDM O-rings. 
6. Diaphragm: EPT. 
7. Low inlet-pressure check valve. 
8. Inlet Strainer: Removable without system shutdown. 
9. Valve Seat and Stem: Noncorrosive. 
10. Valve Size, Capacity, and Operating Pressure: Selected to suit system in which 

installed, with operating pressure and capacity factory set and field adjustable. 

F. Diaphragm-Operated Safety Valves: ASME labeled. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. American Wheatley 
b. AMTROL, Inc.   
c. Apollo Flow Controls; Conbraco Industries, Inc. 
d. Armstrong Pumps, Inc   
e. Bell & Gossett; a Xylem brand 
f. Spence Engineering Company, Inc 
g. WATTS 

2. Body: Bronze or brass. 
3. Disc: Glass and carbon-filled PTFE. 
4. Seat: Brass. 
5. Stem Seals: EPDM O-rings. 
6. Diaphragm: EPT. 
7. Wetted, Internal Work Parts: Brass and rubber. 
8. Inlet Strainer: Removable without system shutdown. 
9. Valve Seat and Stem: Noncorrosive. 
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10. Valve Size, Capacity, and Operating Pressure: Comply with ASME Boiler and 
Pressure Vessel Code: Section IV, and selected to suit system in which installed, 
with operating pressure and capacity factory set and field adjustable. 

G. Automatic Flow-Control Valves: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Flow Design, Inc   
b. Griswold Controls   
c. Hays Fluid Controls 
d. Nexus Valve, Inc.   
e. NIBCO INC.   

2. Body: Brass or ferrous metal. 
3. Flow Control Assembly, provide either of the following: 

a. Piston and Spring Assembly: Stainless steel, tamper proof, self-cleaning, 
and removable. 

b. Elastomeric Diaphragm and Polyphenylsulfone Orifice Plate: Operating 
ranges within 2- to 80-psigdifferential pressure. 

4. Combination Assemblies: Include bronze or brass-alloy ball valve. 
5. Identification Tag: Marked with zone identification, valve number, and flow rate. 
6. Size: Same as pipe in which installed. 
7. Performance: Maintain constant flow within plus or minus 5 percent, regardless 

of system pressure fluctuations. 
8. Minimum CWP Rating: 175 psig. 
9. Maximum Operating Temperature: 200 deg F. 

2.2 AIR-CONTROL DEVICES 

A. Manual Air Vents: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. American Wheatley 
b. AMTROL, Inc.   
c. Apollo Flow Controls; Conbraco Industries, Inc. 
d. Armstrong Pumps, Inc   
e. Bell & Gossett; a Xylem brand 
f. Nexus Valve, Inc.   
g. TACO Comfort Solutions, Inc. 

2. Body: Bronze. 
3. Internal Parts: Nonferrous. 
4. Operator: Screwdriver or thumbscrew. 
5. Inlet Connection: NPS 1/2. 
6. Discharge Connection: NPS 1/8. 
7. CWP Rating: 150 psig. 
8. Maximum Operating Temperature: 225 deg F. 

B. Automatic Air Vents: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. American Wheatley 
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b. AMTROL, Inc.   
c. Armstrong Pumps, Inc   
d. Bell & Gossett; a Xylem brand 
e. Nexus Valve, Inc.  
f. Spirotherm, Inc.  
g. TACO Comfort Solutions, Inc. 

2. Body: Bronze or cast iron. 
3. Internal Parts: Nonferrous. 
4. Operator: Noncorrosive metal float. 
5. Inlet Connection: NPS 1/2. 
6. Discharge Connection: NPS 1/4. 
7. CWP Rating: 150 psig. 
8. Maximum Operating Temperature: 240 deg F. 

2.3 STRAINERS 

A. Y-Pattern Strainers: 
1. Body: ASTM A 126, Class B, cast iron with bolted cover and bottom drain 

connection. 
2. End Connections: Threaded ends for NPS 2 and smaller; flanged ends for 

NPS 2-1/2 and larger. 
3. Strainer Screen:  Stainless-steel with perforations as follows:  

a. Water Service startup:  20 mesh strainer, bronze 
b. Water Service up to 2 inches:  20-mesh strainer 
c. Water Service 2-1/2 inches to 4 inches:  1/16 inch perforations 
d. Water Service 6 inches and larger:  1/8 inch perforations 

4. CWP Rating: 125 psig. 

2.4 CONNECTORS 

A. Stainless-Steel Bellow, Flexible Connectors: 
1. Body: Stainless-steel bellows with woven, flexible, bronze (NPS 2 and below) or 

stainless steel (NPS 2-1/2 and above), wire-reinforcing protective jacket. 
2. End Connections: Threaded or flanged to match equipment connected. 
3. Performance: Capable of 3/4-inch permanent offset or misalignment. 
4. CWP Rating: 150 psig. 
5. Maximum Operating Temperature: 250 deg F. 

PART 3 - EXECUTION 

3.1 VALVE APPLICATIONS 

A. Install shutoff-duty valves at each branch connection to supply mains and at supply 
connection to each piece of equipment. 

B. Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling 
terminal. 
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C. Install check valves at each pump discharge and elsewhere as required to control flow 
direction. 

D. Install safety valves at hot-water generators and elsewhere as required by ASME 
Boiler and Pressure Vessel Code. Install drip-pan elbow on safety-valve outlet and pipe 
without valves to the outdoors; pipe drain to nearest floor drain or as indicated on 
Drawings. Comply with ASME Boiler and Pressure Vessel Code: Section VIII, 
Division 1, for installation requirements. 

E. Install pressure-reducing valves at makeup-water connection to regulate system fill 
pressure. 

3.2 HYDRONIC SPECIALTIES INSTALLATION 

A. Install automatic air vents at high points of system piping in mechanical equipment 
rooms only. Install manual vents at heat-transfer coils and elsewhere as required for air 
venting. 

END OF SECTION 232116 
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SECTION 233113 - METAL DUCTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Single-wall rectangular ducts and fittings. 
2. Double-wall rectangular ducts and fittings. 
3. Single-wall round and flat-oval ducts and fittings. 
4. Double-wall round and flat-oval ducts and fittings. 
5. Sheet metal materials. 
6. Duct liner. 
7. Sealants and gaskets. 
8. Hangers and supports. 
9. Seismic-restraint devices. 

B. Related Sections: 
1. Section 230593 "Testing, Adjusting, and Balancing for HVAC" for testing, 

adjusting, and balancing requirements for metal ducts. 
2. Section 233119 "HVAC Casings" for factory- and field-fabricated casings for 

mechanical equipment. 
3. Section 233300 "Air Duct Accessories" for dampers, sound-control devices, duct-

mounting access doors and panels, turning vanes, and flexible ducts. 

1.3 PERFORMANCE REQUIREMENTS 

A. Duct Design: Duct construction, including sheet metal thicknesses, seam and joint 
construction, reinforcements, and hangers and supports, shall comply with SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible" and performance 
requirements and design criteria indicated in "Duct Schedule" Article. 

B. Structural Performance: Duct hangers and supports and seismic restraints shall 
withstand the effects of gravity and seismic loads and stresses within limits and under 
conditions described in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" and ASCE/SEI 7.  

C. Airstream Surfaces: Surfaces in contact with the airstream shall comply with 
requirements in ASHRAE 62.1. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

METAL DUCTS 233113 - 2 
 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of the following products: 
1. Liners and adhesives. 
2. Sealants and gaskets. 
3. Seismic-restraint devices. 

B. Shop Drawings: 
1. Factory- and shop-fabricated ducts and fittings. 
2. Duct layout indicating sizes, configuration, liner material, and static-pressure 

classes. 
3. Elevation of top and bottom of ducts. 
4. Dimensions of main duct runs from building grid lines. 
5. Fittings. 
6. Reinforcement and spacing. 
7. Seam and joint construction. 
8. Penetrations through fire-rated and other partitions. 
9. Locations for duct accessories, including dampers, turning vanes, and access 

doors and panels. 
10. Hangers and supports, including methods for duct and building 

attachment, seismic restraints, and vibration isolation. 

1.5 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.6 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel according to the following: 
1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 
2. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 

B. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems 
and Equipment" and Section 7 - "Construction and System Start-up." 

C. ASHRAE/IES Compliance: Applicable requirements in ASHRAE/IES 90.1, 
Section 6.4.4 - "HVAC System Construction and Insulation." 

PART 2 - PRODUCTS 

2.1 DUCT MATERIALS 

A. Comply with requirements in "Duct Schedule" Article for applications of duct material, 
pressure class, duct seal-class level, and duct-leakage class. 
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2.2 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS 

A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" based on indicated static-pressure class unless 
otherwise indicated. 

B. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular 
Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

C. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular 
Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 
1. All longitudinal seams are to be Pittsburgh lock seams unless otherwise specified 

for specific application. 

D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select 
types and fabricate according to SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible," Chapter 4, "Fittings and Other Construction," for static-pressure 
class, applicable sealing requirements, materials involved, duct-support intervals, and 
other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible." 

2.3 DOUBLE-WALL RECTANGULAR DUCTS AND FITTINGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Eastern Sheet Metal, Inc. 
2. McGill AirFlow LLC   
3. MKT Metal Manufacturing   
4. Set Duct Manufacturing   
5. Sheet Metal Connectors, Inc. 

B. Rectangular Ducts: Fabricate ducts with indicated dimensions for the inner duct. 

C. Outer Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" based on indicated static-pressure class unless otherwise indicated. 

D. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular 
Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

E. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular 
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Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

F. Interstitial Insulation: Fibrous-glass liner complying with ASTM C 1071, NFPA 90A, or 
NFPA 90B; and with NAIMA AH124, "Fibrous Glass Duct Liner Standard." 
1. Maximum Thermal Conductivity: 0.27 Btu x in./h x sq. ft. x deg F at 75 deg F 

mean temperature. 
2. Install spacers that position the inner duct at uniform distance from outer duct 

without compressing insulation. 
3. Coat insulation with antimicrobial coating. 

G. Interstitial Insulation: Flexible elastomeric duct liner complying with ASTM C 534, 
Type II for sheet materials, and with NFPA 90A or NFPA 90B. 
1. Maximum Thermal Conductivity: 0.25 Btu x in./h x sq. ft. x deg F at 75 deg F 

mean temperature. 

H. Inner Duct: Minimum 0.028-inch solid sheet steel. 

I. Formed-on Transverse Joints (Flanges): Select joint types and fabricate according to 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-1, 
"Rectangular Duct/Traverse Joints," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

J. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular 
Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

2.4 SINGLE-WALL ROUND AND FLAT-OVAL DUCTS AND FITTINGS 

A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based 
on indicated static-pressure class unless otherwise indicated. 

B. Flat-Oval Ducts: Indicated dimensions are the duct width (major dimension) and 
diameter of the round sides connecting the flat portions of the duct (minor dimension). 

C. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct 
Transverse Joints," for static-pressure class, applicable sealing requirements, materials 
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible." 
1. Transverse Joints in Ducts Larger Than 60 Inches in Diameter: Flanged. 

D. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct 
Longitudinal Seams," for static-pressure class, applicable sealing requirements, 
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materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 
1. Fabricate round ducts larger than 90 inches in diameter with butt-welded 

longitudinal seams. 
2. Fabricate flat-oval ducts larger than 72 inches in width (major dimension) with 

butt-welded longitudinal seams. 

E. Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and 
Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

2.5 DOUBLE-WALL ROUND AND FLAT-OVAL DUCTS AND FITTINGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Eastern Sheet Metal, Inc.  
2. Linx Industries (formerly Lindab) 
3. McGill AirFlow LLC   
4. MKT Metal Manufacturing   
5. SEMCO LLC   
6. Set Duct Manufacturing   
7. Sheet Metal Connectors, Inc. 
8. Turnkey Duct Systems 

B. Flat-Oval Ducts: Indicated dimensions are the duct width (major dimension) and 
diameter of the round sides connecting the flat portions of the duct (minor dimension) 
of the inner duct. 

C. Outer Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on static-pressure class 
unless otherwise indicated. 
1. Transverse Joints: Select joint types and fabricate according to SMACNA's 

"HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round 
Duct Transverse Joints," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
a. Transverse Joints in Ducts Larger Than 60 Inches in Diameter: Flanged. 

2. Longitudinal Seams: Select seam types and fabricate according to SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round 
Duct Longitudinal Seams," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
a. Fabricate round ducts larger than 90 inches in diameter with butt-welded 

longitudinal seams. 
b. Fabricate flat-oval ducts larger than 72 inches in width (major dimension) 

with butt-welded longitudinal seams. 
3. Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC 

Duct Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees 
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and Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, 
applicable sealing requirements, materials involved, duct-support intervals, and 
other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible." 

D. Inner Duct: Minimum 0.028-inch solid sheet steel. 

E. Interstitial Insulation: Fibrous-glass liner complying with ASTM C 1071, NFPA 90A, or 
NFPA 90B; and with NAIMA AH124, "Fibrous Glass Duct Liner Standard." 
1. Maximum Thermal Conductivity: 0.27 Btu x in./h x sq. ft. x deg F at 75 deg F 

mean temperature. 
2. Install spacers that position the inner duct at uniform distance from outer duct 

without compressing insulation. 
3. Coat insulation with antimicrobial coating. 

F. Interstitial Insulation: Flexible elastomeric duct liner complying with ASTM C 534, 
Type II for sheet materials, and with NFPA 90A or NFPA 90B. 
1. Maximum Thermal Conductivity: 0.25 Btu x in./h x sq. ft. x deg F at75 deg F 

mean temperature. 

2.6 SHEET METAL MATERIALS 

A. General Material Requirements: Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" for acceptable materials, material thicknesses, and 
duct construction methods unless otherwise indicated. Sheet metal materials shall be 
free of pitting, seam marks, roller marks, stains, discolorations, and other 
imperfections. 

B. Galvanized Sheet Steel: Comply with ASTM A 653/A 653M. 
1. Galvanized Coating Designation: G90. 
2. Finishes for Surfaces Exposed to View: Mill phosphatized. 

C. Stainless-Steel Sheets: Comply with ASTM A 480/A 480M, Type 304 or 316, as 
indicated in the "Duct Schedule" Article; cold rolled, annealed, sheet. Exposed surface 
finish shall be No. 2B, No. 2D, No. 3, or No. 4 as indicated in the "Duct Schedule" 
Article. 

D. Aluminum Sheets: Comply with ASTM B 209 Alloy 3003, H14 temper; with mill finish 
for concealed ducts, and standard, one-side bright finish for duct surfaces exposed to 
view. 

E. Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; 
black and galvanized. 
1. Where black- and galvanized-steel shapes and plates are used to reinforce 

aluminum ducts, isolate the different metals with butyl rubber, neoprene, or 
EPDM gasket materials. 

F. Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 
3/8-inch minimum diameter for lengths longer than 36 inches. 
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2.7 DUCT LINER 

A. Flexible Elastomeric Duct Liner: Preformed, cellular, closed-cell, sheet materials 
complying with ASTM C 534, Type II, Grade 1; and with NFPA 90A or NFPA 90B. 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. Aeroflex USA, Inc.   
b. Armacell LLC   
c. Ductmate Industries, Inc   
d. Evonik Foams 
e. K-Flex USA 

2. Surface-Burning Characteristics: Maximum flame-spread index of 25 and 
maximum smoke-developed index of 50 when tested according to UL 723; 
certified by an NRTL. 

3. Liner Adhesive: As recommended by insulation manufacturer and complying with 
NFPA 90A or NFPA 90B. 

B. Insulation Pins and Washers: 
1. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, 

fully annealed for capacitor-discharge welding, 0.106-inch-diameter shank, length 
to suit depth of insulation indicated with integral 1-1/2-inch galvanized carbon-
steel washer. 

2. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- 
thick galvanized steel or stainless steel; with beveled edge sized as required to 
hold insulation securely in place but not less than 1-1/2 inches in diameter. 

C. Shop Application of Duct Liner: Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 7-11, "Flexible Duct Liner Installation." 
1. Adhere a single layer of indicated thickness of duct liner with at least 90 percent 

adhesive coverage at liner contact surface area. Attaining indicated thickness 
with multiple layers of duct liner is prohibited. 

2. Apply adhesive to transverse edges of liner facing upstream that do not receive 
metal nosing. 

3. Butt transverse joints without gaps, and coat joint with adhesive. 
4. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure 

butted-edge overlapping. 
5. Do not apply liner in rectangular ducts with longitudinal joints, except at corners 

of ducts, unless duct size and dimensions of standard liner make longitudinal 
joints necessary. 

6. Secure liner with mechanical fasteners 4 inches from corners and at intervals not 
exceeding 12 inches transversely; at 3 inches from transverse joints and at 
intervals not exceeding 18 inches longitudinally. 

7. Secure transversely oriented liner edges facing the airstream with metal nosings 
that have either channel or "Z" profiles or are integrally formed from duct wall. 
Fabricate edge facings at the following locations: 
a. Fan discharges. 
b. Intervals of lined duct preceding unlined duct. 
c. Upstream edges of transverse joints in ducts where air velocities are higher 

than 2500 fpm or where indicated. 
8. Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, 

turning vane assemblies, or other devices. Fabricated buildouts (metal hat 
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sections) or other buildout means are optional; when used, secure buildouts to 
duct walls with bolts, screws, rivets, or welds. 

2.8 SEALANT AND GASKETS 

A. General Sealant and Gasket Requirements: Surface-burning characteristics for 
sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum 
smoke-developed index of 50 when tested according to UL 723; certified by an NRTL. 

B. Water-Based Joint and Seam Sealant: 
1. Application Method: Brush on. 
2. Solids Content: Minimum 65 percent. 
3. Shore A Hardness: Minimum 20. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. VOC: Maximum 75 g/L (less water). 
7. Maximum Static-Pressure Class: 10-inch wg, positive and negative. 
8. Service: Indoor or outdoor. 
9. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), 

stainless steel, or aluminum sheets. 

C. Flanged Joint Sealant: Comply with ASTM C 920. 
1. General: Single-component, acid-curing, silicone, elastomeric. 
2. Type: S. 
3. Grade: NS. 
4. Class: 25. 
5. Use: O. 

D. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene 
plasticizer. 

E. Round Duct Joint O-Ring Seals: 
1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and 

shall be rated for10-inch wg static-pressure class, positive or negative. 
2. EPDM O-ring to seal in concave bead in coupling or fitting spigot. 
3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated 

couplings and fitting spigots. 

2.9 HANGERS AND SUPPORTS 

A. Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts. 

B. Hanger Rods for Corrosive and Exterior Environments: Electrogalvanized, all-thread 
rods or galvanized rods with threads painted with zinc-chromate primer after 
installation. 

C. Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and 
Table 5-2, "Minimum Hanger Sizes for Round Duct." 
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D. Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with 
ASTM A 603. 

E. Steel Cables for Stainless-Steel Ducts: Stainless steel complying with ASTM A 492. 

F. Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, 
and bolts designed for duct hanger service; with an automatic-locking and clamping 
device. 

G. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; 
compatible with duct materials. 

H. Trapeze and Riser Supports: 
1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates. 
2. Supports for Stainless-Steel Ducts: Stainless-steel shapes and plates. 
3. Supports for Aluminum Ducts: Aluminum or galvanized steel coated with zinc 

chromate. 

2.10 SEISMIC-RESTRAINT DEVICES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. B-line, an Eaton business   
2. Ductmate Industries, Inc   
3. Hilti, Inc.   
4. Kinetics Noise Control, Inc 
5. Mason Industries, Inc.   
6. Unistrut; Part of Atkore International 
7. Vibration & Seismic Technologies, LLC 

B. General Requirements for Restraint Components: Rated strengths, features, and 
applications shall be as defined in reports by an evaluation service member of the ICC 
Evaluation Service, the Office of Statewide Health Planning and Development for the 
State of California or an agency acceptable to authorities having jurisdiction. 
1. Structural Safety Factor: Allowable strength in tension, shear, and pullout force of 

components shall be at least four times the maximum seismic forces to which 
they will be subjected. 

C. Channel Support System: Shop- or field-fabricated support assembly made of slotted 
steel channels rated in tension, compression, and torsion forces and with accessories 
for attachment to braced component at one end and to building structure at the other 
end. Include matching components and corrosion-resistant coating. 

D. Restraint Cables: ASTM A 603, galvanized or ASTM A 492, stainless-steel cables with 
end connections made of cadmium-plated steel assemblies with brackets, swivel, and 
bolts designed for restraining cable service; and with an automatic-locking and 
clamping device or double-cable clips. 

E. Hanger Rod Stiffener: Reinforcing steel angle clamped to hanger rod. 
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F. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type. Select 
anchor bolts with strength required for anchor and as tested according to ASTM E 488. 

PART 3 - EXECUTION 

3.1 DUCT INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
duct system. Indicated duct locations, configurations, and arrangements were used to 
size ducts and calculate friction loss for air-handling equipment sizing and for other 
design considerations. Install duct systems as indicated unless deviations to layout are 
approved on Shop Drawings and Coordination Drawings. 

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" unless otherwise indicated. 

C. Sizes shown on plans are air side sizes.   Where ducts are shown as lined, dimensions 
shall be increased to reflect that thickness of the lining. 

D. Install ducts in maximum practical lengths. 

E. Install ducts with fewest possible joints. 

F. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and 
for branch connections. 

G. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines. 

H. Install ducts close to walls, overhead construction, columns, and other structural and 
permanent enclosure elements of building. 

I. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness. 

J. Route ducts to avoid passing through transformer vaults and electrical equipment 
rooms and enclosures. 

K. Where ducts pass through non-fire-rated interior partitions and exterior walls and are 
exposed to view, cover the opening between the partition and duct or duct insulation 
with sheet metal flanges of same metal thickness as the duct. Overlap openings on 
four sides by at least 1-1/2 inches. 

L. Where ducts pass through fire-rated interior partitions and exterior walls, install fire 
dampers. Comply with requirements in Section 233300 "Air Duct Accessories" for fire 
and smoke dampers. 

M. Protect duct from moisture, construction debris and dust, and other foreign 
materials. Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under 
Construction," Appendix G, "Duct Cleanliness for New Construction Guidelines" for an 
Advanced level of cleanliness. 
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1. For work that does not comply with these requirements, at the Architect’s or 
Owner representative’s discretion the contractor shall: 
a. Clean and restore all impacted air-moving and -distribution equipment to an 

advanced level of cleanliness in accordance with NADCA ACR 2013, 
Assessment, Cleaning & Restoration of HVAC Systems, including all items 
identified in the Standard as "recommended," "advised," and "suggested." 

b. Verify cleanliness according to NADCA ACR 2013, "Verification of HVAC 
System Cleanliness" Section. 

3.2 INSTALLATION OF EXPOSED DUCTWORK 

A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged. 

B. Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. 

C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. 
When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the 
exposed welds, and treat the welds to remove discoloration caused by welding. 

D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of 
fittings, hangers and supports, duct accessories, and air outlets. 

E. Repair or replace damaged sections and finished work that does not comply with these 
requirements. 

3.3 ADDITIONAL INSTALLATION REQUIREMENTS FOR CLOTHES DRYER EXHAUST 
DUCT 

A. Dryer exhaust ducts for clothes dryers shall terminate on the outside of the building 
and shall be equipped with a backdraft damper.  

B. Screens shall not be installed at the duct termination. Ducts shall not be connected or 
installed with sheet metal screws or other fasteners that will obstruct the exhaust flow. 

C. Exhaust ducts shall be supported at 4-foot intervals and secured in place.  

D. The insert end of the duct shall extend into the adjoining duct or fitting in the direction 
of airflow. Ducts shall not be joined with screws or similar fasteners that protrude into 
the inside of the duct. 

E. Each vertical riser shall be provided with a means for cleanout. 

F. The maximum length of the exhaust duct shall be determined by the dryer 
manufacturer’s installation instructions. 

3.4 DUCT SEALING 

A. Ductwork and all plenums with pressure class ratings shall be constructed to Seal 
Class A, as required to meet the requirements of ASHRAE/IES 90.1. 
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B. Openings for rotating shafts shall be sealed with bushings or other devices that seal off 
air leakage.  

C. All connections shall be sealed, including but not limited to spin-ins, taps, other branch 
connections, access doors, access panels, and duct connections to equipment.  

D. Spiral lock seams need not be sealed.  

3.5 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Chapter 5, "Hangers and Supports." 

B. Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel 
fasteners appropriate for construction materials to which hangers are being attached. 
1. Where practical, install concrete inserts before placing concrete. 
2. Install powder-actuated concrete fasteners after concrete is placed and 

completely cured. 
3. Use powder-actuated concrete fasteners for standard-weight aggregate 

concretes or for slabs more than 4 inches thick. 
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate 

concretes or for slabs less than 4 inches thick. 
5. Do not use powder-actuated concrete fasteners for seismic restraints. 

C. Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, 
"Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers 
and supports within 24 inches of each elbow and within 48 inches of each branch 
intersection. 

D. Hangers Concealed From View: Threaded rod and angle or channel supports. 

E. Hangers Exposed to View:  
1. Rectangular:  Threaded rod and angle or channel supports. 
2. Round or Oval:  Steel cables. 

F. Support vertical ducts with steel angles or channel secured to the sides of the duct with 
welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a 
maximum intervals of 16 feet. 

G. Install upper attachments to structures. Select and size upper attachments with pull-
out, tension, and shear capacities appropriate for supported loads and building 
materials where used. 

3.6 SEISMIC-RESTRAINT-DEVICE INSTALLATION 

A. Install ducts with hangers and braces designed to support the duct and to restrain 
against seismic forces required by applicable building codes. Comply with ASCE/SEI 7. 
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1. Space lateral supports a maximum of 40 feet o.c., and longitudinal supports a 
maximum of 80 feet o.c. 

2. Brace a change of direction longer than 12 feet. 

B. Select seismic-restraint devices with capacities adequate to carry present and future 
static and seismic loads. 

C. Install cables so they do not bend across edges of adjacent equipment or building 
structure. 

D. Install cable restraints on ducts that are suspended with vibration isolators. 

E. Install seismic-restraint devices using methods approved by an evaluation service 
member of the ICC Evaluation Service, the Office of Statewide Health Planning and 
Development for the State of California or an agency acceptable to authorities having 
jurisdiction. 

F. Attachment to Structure: If specific attachment is not indicated, anchor bracing and 
restraints to structure, to flanges of beams, to upper truss chords of bar joists, or to 
concrete members. 

G. Drilling for and Setting Anchors: 
1. Identify position of reinforcing steel and other embedded items prior to drilling 

holes for anchors. Do not damage existing reinforcement or embedded items 
during drilling. Notify the Architect if reinforcing steel or other embedded items 
are encountered during drilling. Locate and avoid prestressed tendons, electrical 
and telecommunications conduit, and gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has 
achieved full design strength. 

3. Wedge Anchors: Protect threads from damage during anchor installation. Heavy-
duty sleeve anchors shall be installed with sleeve fully engaged in the structural 
element to which anchor is to be fastened. 

4. Set anchors to manufacturer's recommended torque, using a torque wrench. 
5. Install zinc-coated steel anchors for interior applications and stainless-steel 

anchors for applications exposed to weather. 

3.7 CONNECTIONS 

A. Make connections to equipment with flexible connectors complying with 
Section 233300 "Air Duct Accessories." 

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 
branch, outlet and inlet, and terminal unit connections. 

3.8 PAINTING 

A. Paint interior of metal ducts that are visible through registers and grilles and that do not 
have duct liner.   
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1. Apply one coat of flat, black, latex paint over a compatible galvanized-steel 
primer. 

B. Paint exterior of exposed metal ducts in occupied, conditioned spaces.  Refer to 
Architectural reflected ceiling plan for areas where duct will be exposed. 
1. Exposed metal ducts shall be provided with grip finish. 
2. Apply one coat of latex paint (color by architect) over a compatible metal primer.   

C. Paint materials and application requirements are specified in Division 09. 

3.9 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Leakage Tests: 
1. Leakage test procedures shall follow the outlines and classifications indicated in 

SMACNA's "HVAC Air Duct Leakage Test Manual." Submit a test report for each 
test. 

2. Test the following systems: 
a. Ducts with a Pressure Class Higher Than 3-Inch wg: Test representative 

duct sections, selected by Architect from sections installed, totaling no less 
than 50 percent of total installed duct area for each designated pressure 
class. 

b. Laboratory Exhaust Ducts with a Pressure Class of 3-Inch wg or Higher:  
Test duct sections totaling no less than 100 percent of total installed duct 
area for each designated pressure class. 

c. Kitchen Exhaust Hood Ductwork:  Test duct sections totaling no less than 
100 percent of total installed duct area. 

d. Dishwasher Hoods, Cagewash and Autoclave Ductwork:  Test duct 
sections totaling no less than 100 percent of total installed duct area. 

e. All vertical ductwork located within risers, chases and shafts shall be leak 
tested.  The tests shall include each branch connection tap up to a point 
just beyond the shaft wall. 

3. Each tested section shall incorporate at least:  5 transverse joints, typical seams, 
2 elbows, one fire damper, one access door, 2 typical branch connections and 2 
terminal unit connections. 

4. Disassemble, reassemble, and seal segments of systems to accommodate 
leakage testing and for compliance with test requirements. 

5. Test for leaks before applying external insulation. 
6. Conduct tests at static pressures equal to maximum design pressure of system 

or section being tested. If static-pressure classes are not indicated, test system 
at maximum system design pressure. Do not pressurize systems above 
maximum design operating pressure. 

7. Give seven days' advance notice for testing.  3-5 days prior to each test, the 
contractor shall submit marked-up sheetmetal shop drawings of the duct 
section(s) to be tested, along with the allowable leakage calculations as required 
by SMACNA. 

8. Additional tests of each pressure classification shall be required, at the owner’s, 
Architect’s or TAB contractors discretion, if subsequent ductwork installation 
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becomes suspect and does not appear to maintain the same level of quality as 
the section tested. 

C. Duct System Cleanliness Tests: 
1. Visually inspect duct system to ensure that no visible contaminants are present. 

D. Duct system will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

3.10 START UP 

A. Air Balance: Comply with requirements in Section 230593 "Testing, Adjusting, and 
Balancing for HVAC." 

3.11 DUCT SCHEDULE 

A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as 
follows: 

B. Supply Air Ducts: 
1. Ducts Connected to Single-Zone Air-Handling Units, downstream, from air 

handling units to air device: 
a. Concealed:  Single wall, round, oval or rectangular as shown on drawings. 
b. Exposed to View:  Double wall, round, oval or rectangular as shown on 

drawings. 
c. Pressure Class: Positive 2-inch wg. 
d. SMACNA Seal Class:  A. 
e. SMACNA Leakage Class for Rectangular: 4. 
f. SMACNA Leakage Class for Round and Flat Oval: 2. 

2. Ducts Connected to Fan Coil Units downstream, from unit to air device: 
a. Concealed:  Single wall, round, oval or rectangular as shown on drawings. 
b. Exposed to View:  Double wall, round, oval or rectangular as shown on 

drawings. 
c. Pressure Class: Positive 2-inch wg. 
d. SMACNA Seal Class:  A. 
e. SMACNA Leakage Class for Rectangular: 4. 
f. SMACNA Leakage Class for Round and Flat Oval: 2. 

C. Return Air and Transfer Ducts: 
1. Ducts Connected to Fan Coil Units: 

a. Single wall, round, oval or rectangular as shown on drawings. 
b. Pressure Class: Positive or negative 2-inch wg. 
c. SMACNA Seal Class:  A. 
d. SMACNA Leakage Class for Rectangular: 4. 
e. SMACNA Leakage Class for Round and Flat Oval: 2. 

2. Transfer Ducts: 
a. Single wall, round, oval or rectangular as shown on drawings. 
b. Pressure Class: Positive or negative 2-inch wg. 
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c. SMACNA Seal Class:  A. 
d. SMACNA Leakage Class for Rectangular: 4. 
e. SMACNA Leakage Class for Round and Flat Oval: 2. 

D. Exhaust Air Ducts: 
1. Ducts Connected to Fans Exhausting General and Toilet Air (ASHRAE 62.1, 

Class 1 and 2): 
a. Single wall, round, oval or rectangular as shown on drawings. 
b. Pressure Class: Negative 2-inch wg. 
c. SMACNA Seal Class:  A. 
d. SMACNA Leakage Class for Rectangular: 4. 
e. SMACNA Leakage Class for Round and Flat Oval: 2. 

2. Ducts Connected to Clothes Dryers: 
a. Single wall, round, oval or rectangular as shown on drawings. 
b. Material:  Aluminum 
c. Pressure Class:  Positive 2-inch wg. 
d. SMACNA Seal Class:  A. 
e. SMACNA Leakage Class for Rectangular: 4. 
f. SMACNA Leakage Class for Round and Flat Oval: 2. 

E. Intermediate Reinforcement: 
1. Galvanized-Steel Ducts: Galvanized steel. 
2. Stainless-Steel Ducts:  Stainless steel. 
3. Aluminum Ducts: Aluminum or galvanized sheet steel coated with zinc chromate. 

F. Liner: 
1. Transfer Ducts: Flexible elastomeric, 1 inch thick. 

G. Double-Wall Duct Interstitial Insulation: 
1. Supply Air Ducts: Flexible elastomeric, 2 inches thick. 

H. Elbow Configuration: 
1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards 

- Metal and Flexible," Figure 4-2, "Rectangular Elbows." 

a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 
b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two 

vanes. 
c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane 
Runners," and Figure 4-4, "Vane Support in Elbows." 

2. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible," Figure 3-4, "Round Duct Elbows." 
a. Minimum Radius-to-Diameter Ratio and Elbow Segments: Comply with 

SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Table 3-1, "Mitered Elbows." Elbows with less than 90-degree change of 
direction have proportionately fewer segments. 
1) Radius-to Diameter Ratio: 1.5. 

b. Round Elbows, 12 Inches and Smaller in Diameter: Stamped or pleated. 
c. Round Elbows, 14 Inches and Larger in Diameter: Standing seam. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

METAL DUCTS 233113 - 17 
 

I. Branch Configuration: 
1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards 

- Metal and Flexible," Figure 4-6, "Branch Connection." 
a. Rectangular Main to Rectangular Branch: 45-degree entry. 
b. Rectangular Main to Round Branch: Spin in. 

1) In no case should the round branch plus associated flange be larger 
than the height of rectangular main.  Where the condition exists, 
provide a rectangular main to rectangular branch with 45-degree 
entry, and transition to round duct.    

2. Round and Flat Oval: Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and 
Figure 3-6, "Conical Tees." Saddle taps are permitted in existing duct. 
a. Velocity 1000 fpm or Lower: 90-degree tap. 
b. Velocity 1000 to 1500 fpm: Conical tap. 
c. Velocity 1500 fpm or Higher: 45-degree lateral. 

END OF SECTION 233113 
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SECTION 233300 - AIR DUCT ACCESSORIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Backdraft and pressure relief dampers. 
2. Manual volume dampers. 
3. Automatic balancing dampers. 
4. Control dampers. 
5. Fire dampers. 
6. Smoke dampers. 
7. Combination fire and smoke dampers. 
8. Flange connectors. 
9. Duct silencers. 
10. Air transfer silencers 
11. Duct lagging 
12. Remote damper operators. 
13. Duct-mounted access doors. 
14. Flexible connectors. 
15. Flexible ducts. 
16. Duct accessory hardware. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. For duct silencers, include pressure drop and dynamic insertion loss data. 

Include breakout noise calculations for high transmission loss casings. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For air duct accessories to include in operation and 
maintenance manuals. 
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PART 2 - PRODUCTS 

2.1 ASSEMBLY DESCRIPTION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 
acceptable materials, material thicknesses, and duct construction methods unless 
otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, roller 
marks, stains, discolorations, and other imperfections. 

2.2 MATERIALS 

A. Galvanized Sheet Steel: Comply with ASTM A 653/A 653M. 
1. Galvanized Coating Designation: G90. 
2. Exposed-Surface Finish: Mill phosphatized. 

B. Stainless-Steel Sheets: Comply with ASTM A 480/A 480M, Type 304, and having a 
No. 2 finish for concealed ducts and No. 4 finish for exposed ducts. 

C. Aluminum Sheets: Comply with ASTM B 209, Alloy 3003, Temper H14; with mill finish 
for concealed ducts and standard, 1-side bright finish for exposed ducts. 

D. Extruded Aluminum: Comply with ASTM B 221, Alloy 6063, Temper T6. 

E. Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on 
galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel 
ducts. 

F. Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 
3/8-inch minimum diameter for lengths longer than 36 inches. 

2.3 BACKDRAFT AND PRESSURE RELIEF DAMPERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by the 
following: 
1. Air Balance Inc.; a division of Mestek, Inc. 
2. American Warming and Ventilating; a division of Mestek, Inc. 
3. Flexmaster U.S.A., Inc. 
4. McGill AirFlow LLC. 
5. Nailor Industries Inc. 
6. NCA Manufacturing, Inc; a division of Metal Industries Inc. 
7. Pottorff. 
8. Ruskin Company. 
9. Tamco; T. A. Morrison & Co., Inc. 
10. Trox USA Inc. 
11. United Enertech 
12. Vent Products Company, Inc. 

B. Description: Gravity balanced. 
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C. Maximum Air Velocity: 2500 fpm. 

D. Maximum System Pressure: 2-inch wg. 

E. Frame: Hat-shaped, 0.090-inch- thick extruded aluminum, with welded corners or 
mechanically attached and mounting flange. 

F. Blades: Multiple single-piece blades, end pivoted, maximum 6-inch width, 0.050-inch- 
thick extruded aluminum with sealed edges. 

G. Blade Action: Parallel. 

H. Blade Seals: Extruded vinyl, mechanically locked. 

I. Blade Axles: 
1. Material: Aluminum. 
2. Diameter: 0.20 inch. 

J. Tie Bars and Brackets: Aluminum. 

K. Return Spring: Adjustable tension. 

L. Bearings: Synthetic pivot bushings. 

M. Accessories: 
1. Adjustment device to permit setting for varying differential static pressure. 
2. Screen Mounting: Rear mounted. 
3. Screen Material: Aluminum. 
4. Screen Type: Insect. 
5. 90-degree stops. 

2.4 MANUAL VOLUME DAMPERS 

A. Standard, Steel, Manual Volume Dampers:  
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the following: 
a. American Warming and Ventilating; a Mestek Architectural Group company 
b. McGill AirFlow LLC   
c. Nailor Industries Inc   
d. NCA Manufacturing, Inc; a division of Metal Industries Inc. 
e. Pottorff   
f. Ruskin Company   
g. Trox USA Inc. 
h. United Enertech   
i. Vent Products Co., Inc 

2. Performance: 
a. Leakage Rating Class III: Leakage not exceeding 40 cfm/sq. ft. against 1-

inch wg differential static pressure 
3. Construction: 

a. Linkage outside of airstream. 
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b. Suitable for horizontal or vertical applications. 
4. Frames: 

a. Hat-shaped, 16-gauge- thick, galvanized sheet steel. 
b. Mitered and welded corners. 
c. Flanges for attaching to walls and flangeless frames for installing in ducts. 

5. Blades: 
a. Multiple or single blade. 
b. Parallel- or opposed-blade design. 
c. Stiffen damper blades for stability. 
d. Galvanized-steel, 16 gauge thick. 

6. Blade Axles: Galvanized steel, hex. 
7. Bearings: 

a. Molded synthetic. 
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have 

axles full length of damper blades and bearings at both ends of operating 
shaft. 

8. Tie Bars and Brackets: Galvanized steel. 
9. Locking device to hold damper blades in a fixed position without vibration. 

B. Jackshaft: 
1. Size: 0.5-inch diameter. 
2. Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted 

on supports at each mullion and at each end of multiple-damper assemblies. 
3. Length and Number of Mountings: As required to connect linkage of each 

damper in multiple-damper assembly. 

C. Damper Hardware: 
1. Zinc-plated, die-cast core with dial and handle, made of 3/32-inch- thick zinc-

plated steel, and a 3/4-inch hexagon locking nut. 
2. Include center hole to suit damper operating-rod size. 
3. Include elevated platform for insulated duct mounting. 

2.5 CONTROL DAMPERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Arrow United Industries   
2. Cesco Products; a division of MESTEK, Inc. 
3. Greenheck Fan Corporation   
4. McGill AirFlow LLC   
5. Nailor Industries Inc   
6. NCA Manufacturing, Inc; a division of Metal Industries Inc. 
7. Pottorff   
8. Ruskin Company  
9. Tamco; T. A. Morrison & Co., Inc.  
10. United Enertech   

B. Low-leakage rating with linkage outside airstream and bearing AMCA's Certified 
Ratings Seal for both air performance and air leakage. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

AIR DUCT ACCESSORIES 233300 - 5 

C. Frames: 
1. Hat shaped. 
2. 16 gauge, galvanized sheet steel. Provide Type 304, stainless steel for 

installation in stainless steel ductwork and corrosive atmospheres. 
3. Mitered and welded corners. 

D. Blades: 
1. Multiple airfoil-shaped with maximum blade width of 6 inches. 
2. Parallel- and opposed-blade design. 

a. Opposed blade design for modulating applications.   
b. Parallel blade design for two-position applications. 

3. Galvanized-steel.  Provide Type 304, stainless steel for installation in stainless 
steel ductwork and corrosive atmospheres. 

4. 0.064 inch thick single skin. 
5. Blade Edging:  Closed-cell neoprene. 
6. Blade Edging:  Inflatable seal blade edging, or replaceable rubber seals. 

E. Blade Axles:  1/2-inch- diameter; galvanized steel hex-shaped; blade-linkage hardware 
of zinc-plated steel and brass; ends sealed against blade bearings. 
1. Operating Temperature Range:  From minus 40 to plus 200 deg F. 

F. Bearings: 
1. Self-lubricating stainless-steel sleeve. 
2. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full 

length of damper blades and bearings at both ends of operating shaft. 
3. Thrust bearings at each end of every blade. 

2.6 FLANGE CONNECTORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Ductmate Industries, Inc   
2. Hardcast, Inc.   
3. Nexus PDQ   
4. Ward Industries; a brand of Hart & Cooley, Inc 

B. Description: Factory-fabricated, slide-on transverse flange connectors, gaskets, and 
components. 

C. Material: Galvanized steel. 

D. Gage and Shape: Match connecting ductwork. 

2.7 DUCT LAGGING 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide Kinetics 
Noise Control, Inc. KNM-100AL or comparable product by one of the following: 
1. Acoustical Surfaces, Inc. 
2. eNoise Control 
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3. Kintetics Noise Control, Inc 
4. IES2000 
5. Sound Seal 

B. The barrier shall be constructed of a minimum 0.10” thick mass loaded, limp vinyl sheet 
bonded to a thin layer of reinforced aluminum foil on one side.   

C. The barrier shall have a minimum nominal density of 1.0-psf. 

D. Sound Transmission Loss (dB) when tested as a free hanging barrier: 
1. 125 Hz:  13 
2. 250 Hz:  17 
3. 500 Hz:  21 
4. 1000 Hz:  28 
5. 2000 Hz:  33 
6. 4000 Hz:  40 

E. Surface Burning characteristics per ASTM E84: Flame-spread index of 25 or less, and 
smoke-developed index of 50 or less. 

2.8 REMOTE DAMPER OPERATORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Pottorff   
2. Ventfabrics, Inc   
3. Young Regulator Company 

B. Description: Cable system designed for remote manual damper adjustment. 

C. Cable: Steel. 

D. Wall-Box Mounting: Recessed or surface, as called for on the drawings. 

E. Wall-Box Cover-Plate Material: Steel. 

2.9 DUCT-MOUNTED ACCESS DOORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Cesco Products; a division of MESTEK, Inc. 
2. Ductmate Industries, Inc 
3. Flexmaster U.S.A., Inc   
4. Greenheck Fan Corporation   
5. McGill AirFlow LLC   
6. Nailor Industries Inc   
7. NCA Manufacturing, Inc; a division of Metal Industries Inc  
8. Pottorff   
9. Ruskin Company 
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10. United Enertech   
11. Ventfabrics, Inc   
12. Ward Industries; a brand of Hart & Cooley, Inc 

B. Duct-Mounted Access Doors: Fabricate access panels according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible"; Figures 7-2, "Duct Access Doors 
and Panels," and 7-3, "Access Doors - Round Duct." 
1. Door: 

a. Double wall, rectangular. 
b. Galvanized sheet metal with insulation fill and thickness as indicated for 

duct pressure class. 
c. Vision panel. 
d. Hinges and Latches: 1-by-1-inch butt or piano hinge and cam latches. 
e. Fabricate doors airtight and suitable for duct pressure class. 

2. Frame: Galvanized sheet steel, with bend-over tabs and foam gaskets. 
3. Number of Hinges and Locks: 

a. Access Doors Less Than 12 Inches Square: No hinges and two sash locks. 
b. Access Doors up to 18 Inches Square: Continuous and two sash locks. 
c. Access Doors up to 24 by 48 Inches: Continuous and two compression 

latches with outside and inside handles. 
d. Access Doors Larger Than 24 by 48 Inches: Continuous and two 

compression latches with outside and inside handles. 

C. Pressure Relief Access Door: 
1. Door and Frame Material: Galvanized sheet steel. 
2. Door: Double wall with insulation fill with metal thickness applicable for duct 

pressure class. 
3. Operation: Open outward for positive-pressure ducts and inward for negative-

pressure ducts. 
4. Factory set at 3.0- to 8.0-inch wg. 
5. Doors close when pressures are within set-point range. 
6. Hinge: Continuous piano. 
7. Latches: Cam. 
8. Seal: Neoprene or foam rubber. 
9. Insulation Fill: 1-inch- thick, fibrous-glass or polystyrene-foam board. 

2.10 DUCT ACCESS PANEL ASSEMBLIES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. 3M   
2. Ductmate Industries, Inc   
3. Flame Gard, Inc 
4. Ruskin Company 

B. Labeled according to UL 1978 by an NRTL. 

C. Panel and Frame: Minimum thickness 0.0428-inch stainless steel. 

D. Fasteners: Stainless steel. Panel fasteners shall not penetrate duct wall. 
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E. Gasket: Comply with NFPA 96; grease-tight, high-temperature ceramic fiber, rated for 
minimum 2000 deg F. 

F. Minimum Pressure Rating: 10-inch wg, positive or negative. 

2.11 FLEXIBLE CONNECTORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Ductmate Industries, Inc   
2. Duro Dyne Inc.   
3. Hardcast, Inc.   
4. Ventfabrics, Inc   
5. Ward Industries; a brand of Hart & Cooley, Inc 

B. Materials: Flame-retardant or noncombustible fabrics. 

C. Coatings and Adhesives: Comply with UL 181, Class 1. 

D. Metal-Edged Connectors: Factory fabricated with a fabric strip 5-3/4 inches wide 
attached to two strips of 2-3/4-inch- wide, 0.028-inch- thick, galvanized sheet steel or 
0.032-inch- thick aluminum sheets. Provide metal compatible with connected ducts. 

E. Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene. 
1. Minimum Weight: 26 oz./sq. yd.. 
2. Tensile Strength: 480 lbf/inch in the warp and 360 lbf/inch in the filling. 
3. Service Temperature: Minus 40 to plus 200 deg F. 

F. Outdoor System, Flexible Connector Fabric: Glass fabric double coated with 
weatherproof, synthetic rubber resistant to UV rays and ozone. 
1. Minimum Weight: 24 oz./sq. yd.. 
2. Tensile Strength: 530 lbf/inch in the warp and 440 lbf/inch in the filling. 
3. Service Temperature: Minus 50 to plus 250 deg F. 

G. Thrust Limits: Combination coil spring and elastomeric insert with spring and insert in 
compression, and with a load stop. Include rod and angle-iron brackets for attaching to 
fan discharge and duct. 
1. Frame: Steel, fabricated for connection to threaded rods and to allow for a 

maximum of 30 degrees of angular rod misalignment without binding or reducing 
isolation efficiency. 

2. Outdoor Spring Diameter: Not less than 80 percent of the compressed height of 
the spring at rated load. 

3. Minimum Additional Travel: 50 percent of the required deflection at rated load. 
4. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 
5. Overload Capacity: Support 200 percent of rated load, fully compressed, without 

deformation or failure. 
6. Elastomeric Element: Molded, oil-resistant rubber or neoprene. 
7. Coil Spring: Factory set and field adjustable for a maximum of 1/4-inch 

movement at start and stop. 
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2.12 FLEXIBLE DUCTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by the 
following: 
1. Castco – Model SF-181M. 
2. Thermaflex – Model MKE 
3. JPL – Model AMR. 

B. Insulated, Acoustical Flexible Duct:  UL 181, Class 1, black polymer film supported by 
helically wound, spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier 
film. 
1. Pressure Rating:  6-inch wg positive and 1.0-inch wg negative. 
2. Maximum Air Velocity:  4000 fpm. 
3. Temperature Range:  Minus 20 to plus 175 deg F. 
4. Insulation R-Value:  Comply with ASHRAE/IESNA 90.1. 

C. Flexible Duct Connectors: 
1. Clamps:  Stainless-steel band with cadmium-plated hex screw to tighten band 

with a worm-gear action in sizes 3 through 18 inches, to suit duct size. 
2. Non-Clamp Connectors:  Liquid adhesive plus sheet metal screws and tape. 

D. Flexible Duct Elbow Supports: 
1. Universal-mount, 1-piece, fully adjustable, radius-forming brace to support 4-inch 

through 16-inch diameter flexible air ducts. 
2. Classified: UL 2043. 
3. Material: 100 percent recycled copolymer polypropylene. 
4. Support Frame Radius: 8 inches. 
5. Compliance for Flexible Duct Radius:  

a. SMACNA HVAC Duct Construction Standards. 
b. ASHRAE Advanced Energy Design Guides. 
c. ADC Flexible Duct Performance and Installation Standards. 

2.13 DUCT ACCESSORY HARDWARE 

A. Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw 
cap and gasket. Size to allow insertion of pitot tube and other testing instruments and 
of length to suit duct-insulation thickness. 

B. Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to 
gasoline and grease. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible" for metal ducts. 
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B. Install duct accessories of materials suited to duct materials; use galvanized-steel 
accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in 
stainless-steel ducts, and aluminum accessories in aluminum ducts. 

C. Install control dampers in exhaust ductwork: 
1. For rooftop and base mounted fans, install damper at inlet of exhaust fans or in 

the exhaust duct close to exhaust fan unless otherwise indicated. 
2. For in-line exhaust fans, install damper in exhaust duct downstream of fan as 

close as possible to exhaust plenum/louver unless otherwise indicated. 

D. Install volume dampers at points on supply, return, and exhaust systems where 
branches extend from larger ducts. Where dampers are installed in ducts having duct 
liner, install dampers with hat channels of same depth as liner, and terminate liner with 
nosing at hat channel. 

1. Install steel volume dampers in steel ducts. 
2. Install aluminum volume dampers in aluminum ducts. 
3. Install stainless steel volume dampers in stainless steel ducts. 

E. Where dampers are installed in ducts having duct liner, install dampers with hat 
channels of same depth as liner, and terminate liner with nosing at hat channel. 

F. Mark the locations of all above-ceiling duct mounted dampers with orange non-
adhesive surveyors flagging tape. 

G. Set dampers to fully open position before testing, adjusting, and balancing. 

H. Install test holes at fan inlets and outlets and elsewhere as indicated. 

I. Install fire and smoke dampers according to UL listing. 

J. Duct Smoke Detectors: 
1. HVAC duct smoke detectors shall be furnished as specified elsewhere by 

Division 28 for installation under Division 23.  All wiring for air duct detectors shall 
be provided under Division 28. 

2. Comply with NFPA 72 and IMC. Install sampling tubes so they extend the full 
width of duct. Tubes more than 36 inches long shall be supported at both ends. 

3. Verify proper length and orientation on the sampling tube. Confirm the sampling 
tube protrudes into the duct in accordance with system design and per 
manufacturer's instructions. 

4. Verify the smoke detector is rigidly mounted. Confirm that no penetrations in a 
return air duct exist in the vicinity of the detector. Confirm the detector is installed 
so as to sample the airstream at the proper location in the duct. 

5. Do not install smoke detector in duct smoke-detector housing during 
construction. Install detector only during system testing and prior to system 
turnover. 

6. Where duct detectors are used to initiate the operation of smoke dampers, they 
should be located so that the detector is between the last inlet or outlet upstream 
of the damper and the first inlet or outlet downstream of the damper. 

K. Connect ducts to duct silencers rigidly. 
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L. Duct Lagging: 
1. Install acoustical pipe and duct lagging in locations indicated. Comply with 

manufacturers written instructions for installation by using type of mounting 
accessories indicated or, if not indicated, as recommended by the manufacturer. 

2. Duct shall be wrapped with specified insulation prior to application of the duct 
lagging.   

3. Duct lagging material shall be cut to length, wrapped around the outside of the 
duct, and fastened with mechanical fasteners, bands or manufacturer's foil lag 
tape.   

4. Duct sound control lagging materials must be installed per the manufacturer’s 
installation guidelines. 

M. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and 
maintaining accessories and equipment at the following locations: 
1. On both sides of duct coils. 
2. Upstream and downstream from duct filters. 
3. At outdoor-air intakes and mixed-air plenums. 
4. At drain pans and seals. 
5. Downstream from control dampers, backdraft dampers, and equipment. 
6. Control devices requiring inspection. 
7. Elsewhere as indicated. 

N. Install access doors with swing against duct static pressure. 

O. Access Door Sizes: 
1. One-Hand or Inspection Access: 8 by 5 inches. 
2. Two-Hand Access: 12 by 6 inches. 
3. Head and Hand Access: 18 by 10 inches. 
4. Head and Shoulders Access: 21 by 14 inches. 
5. Body Access: 25 by 14 inches. 
6. Body plus Ladder Access: 25 by 17 inches. 

P. Label access doors. 

Q. Install flexible connectors to connect ducts to equipment. 

R. For fans developing static pressures of 5-inch wg and more, cover flexible connectors 
with loaded vinyl sheet held in place with metal straps. 

S. Connect terminal units to supply ducts directly or with maximum 12-inch lengths of 
flexible duct. Do not use flexible ducts to change directions. 

T. Connect diffusers to ducts with maximum 60-inch lengths of flexible duct clamped or 
strapped in place. 

U. Connect flexible ducts to metal ducts with draw bands or adhesive plus sheet metal 
screws. 

V. Make bends in flexible ducts with minimum of 1-duct diameter centerline radius.  
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W. Where flexible ductwork is used as an elbow, provide flexible, durable duct elbow 
supports over outer jacket of flexible ducts to form smooth, 90-degree bends to 
eliminate flexible duct kinks and airflow restrictions.   

X. Install duct test holes where required for testing and balancing purposes. 

Y. Install thrust limits at centerline of thrust, symmetrical on both sides of equipment. 
Attach thrust limits at centerline of thrust and adjust to a maximum of 1/4-inch 
movement during start and stop of fans. 

3.2 FIELD QUALITY CONTROL 

A. Tests and Inspections: 
1. Operate dampers to verify full range of movement. 
2. Inspect locations of access doors and verify that purpose of access door can be 

performed. 
3. Operate fire, smoke, and combination fire and smoke dampers to verify full range 

of movement and verify that proper heat-response device is installed. 
4. Inspect turning vanes for proper and secure installation. 
5. Operate remote damper operators to verify full range of movement of operator 

and damper. 
6. Test duct smoke detectors per NFPA 72.  Detectors that use sampling tubes 

shall be tested to ensure that they will properly sample the airstream in the duct 
using a method acceptable to the manufacturer or in accordance with their 
published instructions.  Preferred method is to use  a manometer to measure the 
differential pressure between the two sampling tubes.  Verifying the differential 
pressure is within the manufacturer documented acceptable levels. 

7. Test all new fire, smoke and combination fire/smoke dampers both at project 
completion as well as at the end of the one-year warranty period. Contractor shall 
provide the test results for both tests on the standard damper testing form. 

END OF SECTION 233300 
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SECTION 233416 - HVAC FANS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: For each product. 
1. HVAC fans. 

1.3 ACTION SUBMITTALS 

A. Product Data: 
1. Include rated capacities, furnished specialties, and accessories for each fan. 
2. Certified fan performance curves with system operating conditions indicated. 
3. Certified fan sound-power ratings. 
4. Motor ratings and electrical characteristics, plus motor and electrical accessories. 
5. Material thickness and finishes, including color charts. 
6. Dampers, including housings, linkages, and operators. 
7. Fan speed controllers. 

B. Shop Drawings: 
1. Include plans, elevations, sections, and attachment details. 
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, 

required clearances, method of field assembly, components, and location and 
size of each field connection. 

3. Include diagrams for power, signal, and control wiring. 
4. Design Calculations: Calculate requirements for selecting vibration isolators and 

seismic restraints and for designing vibration isolation bases. 
5. Vibration Isolation Base Details: Detail fabrication, including anchorages and 

attachments to structure and to supported equipment. Include auxiliary motor 
slides and rails, and base weights. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For centrifugal fans to include in emergency, 
operation, and maintenance manuals. 
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1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Belts: One set(s) for each belt-driven unit. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. AMCA Compliance: 
1. Comply with AMCA performance requirements and bear the AMCA-Certified 

Ratings Seal. 
2. Operating Limits: Classify according to AMCA 99. 

B. Balance Quality: 
1. All wheels (rotors/impellers) shall be factory statically and dynamically balanced 

on precision electronic balancers to a Balance Quality Grade G6.3 per 
ANSI/AMCA Standard 204-05 or better. 

C. Vibration Levels: 
1. Each fan assembly shall be vibration tested before shipping in accordance with 

AMCA 204-05.   
2. Each assembled fan shall be test run at the factory at the specified fan RPM and 

vibration signatures shall be taken on each bearing in three planes - horizontal, 
vertical, and axial.  

3. Unless otherwise indicated, the maximum allowable factory fan vibration shall be 
less than 0.15 in./sec peak velocity for rigidly mounted fans and 0.20 in./sec peak 
velocity for flexibly mounted fans.  Values are peak velocity values, filter-in, at the 
fan rotational speed. 

D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

E. Capacities and Characteristics:  Refer to drawings. 

2.2 CENTRIFUGAL UPBLAST ROOF EXHAUSTER, DIRECT DRIVE (TYPE A) 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide Greenheck 
CUE or comparable product by one of the following:  
1. American Coolair Corporation  
2. Greenheck Fan Corporation 
3. Loren Cook Company   
4. New York Blower Company (The) 
5. Twin City Fan & Blower 

B. Description: 
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1. Factory-fabricated, -assembled, -tested, and -finished, direct-driven centrifugal 
upblast roof exhauster, configured for vertical flow, consisting of wheel, motor, 
drive assembly, and support structure. 

2. Deliver fans as factory-assembled units, to the extent allowable by shipping 
limitations. 

C. Housing: Heavy gauge spun aluminum construction of shroud, top cover, and motor 
bands. Roll edge beads. 

1. Provide spun-aluminum discharge baffle to direct discharge air upward, with rain 
and snow drains. 

2. Hinged Subbase: Galvanized-steel hinged arrangement permitting service and 
maintenance. 

D. Fan Wheels: Aluminum hub and wheel with backward-inclined blades. 

E. Finish: Galvanized mill finish internal parts, and uncoated external aluminum parts 
exposed to weather. 

F. Accessories: 

1. Variable-Speed Controller: Solid-state control to reduce speed from 100 to less 
than 50 percent. 

2. Disconnect Switch: Nonfusible type, NEMA 4 with thermal-overload protection.   
Factory mount and wire through an internal aluminum conduit. 

3. Bird Screens: Removable, 1/2-inch mesh, aluminum wire. 
4. Motorized Damper: Parallel-blade dampers mounted in curb base with electric 

actuator; wired to close when fan is not energized. 
a. Fabricate frame from galvanized steel. 
b. Fabricate blades from aluminum, mill finish, with vinyl edge seals. 
c. Damper actuator suitable for 24 VAC, single phase.   

5. Pressure Probe:  ¼ inch diameter in the fan venturi that allows hook-up to 
manometer.  

G. Curb Cap: One-piece, weather-tight aluminum construction, pre-punched mounting 
holes for attachment to roof curb. Include flange to mate with fan unit inlet flange. 
1. Provide electrical metal tubing (EMT) conduit into motor compartment, with 

watertight fitting at curb cap penetration. 
2. Provide foam curb seal. 

H. Roof Curbs: Galvanized steel; mitered and welded corners; 1-1/2-inch- thick, rigid, 
fiberglass insulation adhered to inside walls; and 1-1/2-inch wood nailer. Size as 
required to suit roof opening and fan base. 
1. Configuration: Built-in cant and mounting flange. 
2. Overall Height: 12 inches. 
3. Pitch Mounting: Manufacture curb for roof slope, when required for level 

installation. 
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2.3 MOTORS 

A. Comply with NEMA designation, temperature rating, service factor, and efficiency 
requirements for motors specified in Section 230513 "Common Motor Requirements for 
HVAC Equipment." 

2.4 SOURCE QUALITY CONTROL 

A. Sound-Power Level Ratings: Comply with AMCA 301, "Methods for Calculating Fan 
Sound Ratings from Laboratory Test Data." Factory test fans according to AMCA 300, 
"Reverberant Room Method for Sound Testing of Fans." Label fans with the AMCA-
Certified Ratings Seal. 

B. Fan Performance Ratings: Establish flow rate, pressure, power, air density, speed of 
rotation, and efficiency by factory tests and ratings according to 
AMCA 210/ASHRAE 51, "Laboratory Methods of Testing Fans for Certified 
Aerodynamic Performance Rating." 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install fans level and plumb. 

B. Disassemble and reassemble units, as required for moving to the final location, 
according to manufacturer's written instructions. 

C. Lift and support units with manufacturer's designated lifting or supporting points. 

D. Equipment Mounting: 
1. Comply with requirements for vibration isolation and seismic control devices 

specified in Section 230548 "Vibration and Seismic Controls for HVAC." 

E. Curb Support: Install roof curb on roof structure, level and secure, according to "The 
NRCA Roofing and Waterproofing Manual," Low-Slope Membrane Roofing 
Construction Details Section, Illustration "Raised Curb Detail for Rooftop Air Handling 
Units and Ducts." Install and secure fans on curbs, and coordinate roof penetrations 
and flashing with roof construction. Secure units to curb support. 

F. Support suspended units from structure using threaded steel rods and spring hangers 
having a static deflection of 1 inch. Vibration-control devices are specified in 
Section 230548 "Vibration and Seismic Controls for HVAC.” 

G. Install units with clearances for service and maintenance. 

H. Label fans according to requirements specified in Section 230553 "Identification for 
HVAC Piping and Equipment." 
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3.2 CONNECTIONS 

A. Drawings indicate general arrangement of ducts and duct accessories. Make final duct 
connections with flexible connectors. Flexible connectors are specified in 
Section 233300 "Air Duct Accessories." 

B. Install ducts adjacent to fans to allow service and maintenance. 

C. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems." 

D. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors 
and Cables." 

3.3 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 
1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that 

connections to ducts and electrical components are complete.  
3. Verify that proper thermal-overload protection is installed in motors, starters, and 

disconnect switches. 
4. Verify that cleaning and adjusting are complete. 
5. Disconnect fan drive from motor, verify proper motor rotation direction, and verify 

fan wheel free rotation and smooth bearing operation. Reconnect fan drive 
system, align and adjust belts, and install belt guards. 

6. Trim balance assembled fans to reduce vibration to acceptable operation in-situ 
START-UP vibration levels in accordance with AMCA Standard 204-05. The final 
assembly test run shall be provided BEFORE commissioning for service. 

7. Adjust belt tension. 
8. Adjust damper linkages for proper damper operation. 
9. Verify lubrication for bearings and other moving parts. 
10. Verify that manual and automatic volume control and fire and smoke dampers in 

connected ductwork systems are in fully open position. 
11. See Section 230593 "Testing, Adjusting, and Balancing For HVAC" for testing, 

adjusting, and balancing procedures. 
12. Remove and replace malfunctioning units and retest as specified above. 

B. Test and adjust controls and safeties. Controls and equipment will be considered 
defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports. 

3.4 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain centrifugal fans. 

END OF SECTION 233416 
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SECTION 233713 - AIR DEVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Registers, grilles and diffusers. 

B. Related Requirements: 
1. Section 233300 "Air Duct Accessories" for fire and smoke dampers and volume-

control dampers not integral to diffusers. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Data Sheet: Indicate materials of construction, finish, and mounting details; and 

performance data including throw and drop, static-pressure drop, and noise 
ratings. 

2. Diffuser Schedule: Indicate drawing designation, room location, quantity, model 
number, size, and accessories furnished. 

B. Samples for Initial Selection: For diffusers with factory-applied color finishes. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plans, drawn to scale, on which the following 
items are shown and coordinated with each other, using input from installers of the 
items involved: 
1. Ceiling suspension assembly members. 
2. Method of attaching hangers to building structure. 
3. Size and location of initial access modules for acoustical tile. 
4. Ceiling-mounted items including lighting fixtures, diffusers, grilles, speakers, 

sprinklers, access panels, and special moldings. 
5. Duct access panels. 
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PART 2 - PRODUCTS 

2.1 AIR DEVICES, GENERAL 

A. Basis-of-Design Product: Subject to compliance with requirements, provide  Titus or 
comparable product by one of the following: 
1. Anemostat Products; a Mestek company 
2. Carnes Company   
3. Krueger   
4. METALAIRE, Inc   
5. Nailor Industries Inc   
6. Price Industries   
7. Titus   
8. Tuttle & Bailey 

B. Provide air devices of the minimum sizes and quantities indicated and of the types 
specified.   

C. Contractor shall carefully study the drawings and the field conditions to ascertain the 
air device requirements as to suitability, location, air capacity, required accessories, 
border and finish.   

D. Border types shall be compatible with Architectural ceiling type for the room for which 
the air device is located.  All devices shall have plaster frames when installed in plaster 
or drywall construction. 

E. Margins shall be as indicated or directed to suit field conditions. 

F. Verification of Performance: Rate diffusers according to ASHRAE 70, "Method of 
Testing for Rating the Performance of Air Outlets and Inlets." 

G. Air devices shall be selected to provide draft-free air distribution over entire area 
served and sound rating shall not exceed Noise Criteria (NC) 25. 

H. Air device finish shall be an anodic acrylic paint, baked at 315° F for 30 minutes.   
1. The pencil hardness must be HB to H.   
2. The paint must pass a 100-hour ASTM B117 Corrosive Environments Salt Spray 

Test without creepage, blistering or deterioration of film.   
3. The paint must pass a 250-hour ASTM D870 Water Immersion Test.  

I. The paint must also pass the ASTM D2794 Reverse Impact Cracking Test with a 50-
inch pound force applied. 

2.2 TYPE A:  LOUVERED FACE SUPPLY DIFFUSER, STEEL 

A. Ceiling diffusers shall be TITUS Model TDCA (steel) or approved equal for adjustable 
discharge pattern.  These diffusers shall consist of an outer frame assembly of the 
sizes and mounting types shown on the plans and outlet schedule.  
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B. A square or rectangular inlet shall be an integral part of the frame assembly and a 
transition piece shall be available to facilitate attachment of round duct.  An inner core 
assembly consisting of fixed deflection louvers shall be available in one-, two-, three- or 
four-way horizontal discharge patterns.   

C. Diffuser shall include adjustable vanes to provide full vertical projection as well as 
horizontal projection. The inner core assembly must be removable in the field without 
tools for easy installation, cleaning or damper adjustment. 

D. Opposed blade volume damper shall not be provided. Throw Reducing Vanes (TRV) 
must be available to deflect a horizontal discharge airstream from each side of the TDC 
diffuser into diverging airstreams. 

E. Molded insulation blanket shall be available. The insulation will be R-6, foil-backed, and 
provide an additional 1-inch gap around the neck to install insulated flex duct.  

F. The grille finish shall be #26 white.   

2.3 TYPE B:  PERFORATED RETURN GRILLE, STEEL 

A. Perforated ceiling diffusers shall be TITUS model PAR (steel, flush face) or approved 
equal for return of the sizes and mounting types shown on the plans and outlet 
schedule.  

B. Diffusers shall have a perforated face with 3/16-inch diameter holes on ¼-inch 
staggered centers and no less than 51 percent free area.  Perforated face shall be 
steel. The backpan shall be one piece stamped heavy gauge steel of the sizes and 
mounting types shown on the plans and outlet schedule. The diffuser neck shall have 1 
1/8-inch depth for easy duct connection. 

C. The perforated face must be easily unlatchable from the backpan. 

D. Optional opposed blade volume damper shall not be provided. 

E. The grille finish shall be #26 white. 

2.4 TYPE C:  PERFORATED EXHAUST GRILLE, ALUMINUM 

A. Perforated ceiling diffusers shall be TITUS model PAR-AA (aluminum, flush face) or 
approved equal for return of the sizes and mounting types shown on the plans and 
outlet schedule.  

B. Diffusers shall have a perforated face with 3/16-inch diameter holes on ¼-inch 
staggered centers and no less than 51 percent free area.  Perforated face shall be 
aluminum. The backpan shall be one piece stamped heavy gauge steel of the sizes 
and mounting types shown on the plans and outlet schedule. The diffuser neck shall 
have 1 1/8-inch depth for easy duct connection. 

C. The perforated face must be easily unlatchable from the backpan. 
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D. Optional opposed blade volume damper shall not be provided. 

E. The grille finish shall be #26 white. 

2.5 TYPE D:  EXHAUST GRILLE, STEEL 

A. Steel return grilles shall be TITUS Model 350R (¾-inch blade spacing) or approved 
equal of the sizes and mounting types shown on the plans and outlet schedule.   

B. The fixed deflection blades shall be available parallel to the long dimension of the grille. 
Construction shall be of steel with a 1¼-inch wide border on all sides. Screw holes 
shall be countersunk for a neat appearance.  Corners shall be welded with full 
penetration resistance welds. 

C. Deflection blades shall be contoured to a specifically designed and tested cross-
section to meet published test performance data. Blades shall be firmly held in place by 
mullions from behind the grille and fixed to the grille by welding in place. Blade 
deflection angle shall be available at 35°. 

D. Optional opposed blade volume damper shall not be provided. 

E. The grille finish shall be #26 white. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas where diffusers are installed for compliance with requirements for 
installation tolerances and other conditions affecting performance of equipment. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install air devices level and plumb. 

B. Drawings indicate general arrangement of ducts, fittings, and accessories. Air outlet 
and inlet locations have been indicated to achieve design requirements for air volume, 
noise criteria, airflow pattern, throw, and pressure drop. Make final locations where 
indicated, as much as practical. For units installed in lay-in ceiling panels, locate units 
in the center of panel. Where architectural features or other items conflict with 
installation, notify Architect for a determination of final location. 

C. Install air devices with airtight connections to ducts and to allow service and 
maintenance of dampers, air extractors, and fire dampers. 

D. Paint the ductwork behind registers with flat black enamel so that bright surface cannot 
be seen.  Properly prime galvanized surface prior to painting. 
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3.3 ADJUSTING 

A. After installation, adjust air devices to air patterns indicated, or as directed, before 
starting air balancing. 

B. The position of the pattern controllers for linear supply diffusers shall be verified and 
adjusted during Testing, Adjusting and Balancing. 

END OF SECTION 233713 
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SECTION 23 74 13 – PACKAGED OUTDOOR AIR HANDLING UNITS 

PART 1 - GENERAL 

1.1 SUBMITTALS 

A. Submit unit performance data including: capacity, nominal and operating 
performance. 

B. Submit Mechanical Specifications for unit and accessories describing 
construction, components and options. 

C. Submit drawings indicating overall dimensions as well as installation, operation 
and services clearances.  Indicate lift points and recommendations and center 
of gravity.  Indicate unit shipping, installation and operating weights including 
dimensions. 

D. Submit data on electrical requirements and connection points.  Include 
recommended wire and fuse sizes or MCA, sequence of operation, safety and 
start-up instructions. 

E. Drawings submitted for approval shall be accompanied by a copy of the 
purchase agreement between the Contractor and an authorized service 
representative of the manufacturer for check, test and start up and first year 
service. 

1.2 DELIVERY, STORAGE and HANDLING 

A. Comply with manufacturer's installation instructions for rigging, unloading, and 
transporting units. 

B. Protect units from physical damage.  Leave factory shipping covers in place 
until installation. 

C. Units to be secured via base rail tie-down locations.  

1.3 WARRANTY 

A. Provide five (5) year parts and labor warranty for entire unit. 
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PART 2 - PRODUCTS 

2.1 SUMMARY 

A. The contractor shall furnish and install packaged outdoor air unit(s) as shown 
and scheduled on the contract documents. The unit(s) shall be installed in 
accordance with this specification and perform at the specified conditions as 
scheduled. 

B. ACCEPTABLE MANUFACTURERS 

1. Manufacturers: The basis of design is a dedicated outdoor air unit by 
Trane. Subject to compliance with requirements, acceptable 
manufacturers are: York, Daiken, and Carrier. 

2.2 GENERAL UNIT DESCRIPTION 

A. Unit(s) furnished and installed shall be packaged outdoor air unit(s) as 
scheduled on contract documents and described in these specifications.  
Unit(s) shall be designed for dehumidification, cooling and/or heating of 100% 
Outdoor Air. For dehumidification and cooling modes the evaporator 
temperature shall be monitored, reported at unit controller. Compressor controls 
shall modulate capacity to maintain evaporator leaving set point. Hot Gas 
Bypass shall not be used to control compressor capacity. Compressor Hot Gas 
Reheat (HGRH) shall be factory installed. To prevent rehydration of evaporator 
condensate the reheat coil face shall be located a minimum of 6” downstream 
from the leaving face of the evaporator coil. Heating system shall include 
modulating controls. Compressor on-off only or primary heating on-off only 
controls shall not be acceptable control strategies.      

B. Unit(s) shall have labels, decals, and/or tags to aid in the service of the unit and 
indicate caution areas. 

2.3 CABINET  

A. Cabinet panels: 2” double-wall foamed panel construction throughout the indoor 
section of unit to provide nonporous, cleanable interior stainless steel surfaces. 
All interior seams exposed to airflow shall be sealed. 

B. Insulation: 2” polyisocyanurate foam metal encapsulated with no exposed 
edges. Initial R value of 6.6 per inch of thickness. 

C. Cabinet base shall be double wall construction designed to prevent trapping or 
ponding of water within the unit base. Cabinet base pan shall be insulated with 
2” thick polyisocyanurate foam. Foam insulation shall be fully enclosed with 
galvanized steel insulation cover. Insulation shall not be applied to underside of 
unit base. 
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D. Cabinet Base Rails: Side and end base rails shall include openings for forklift 
and tie-down access. To protect unit base from fork damage side rails shall 
include removable heavy gauge fork pockets. 

E. Shipping anchors attach to and/or through unit base rails. Straps over unit shall 
not be used to secure unit for shipping. 

F. Exterior Corrosion Protection: Exterior cabinet panels shall be a base coat of G-
90 galvanized steel with exterior surfaces cleaned, phosphatized and finished 
with a weather-resistant baked enamel finish. Unit’s surface shall be in 
compliance with ASTM B45 salt spray testing at a minimum of 672 hour 
duration. 

G. Interior Corrosion Protection: Interior surfaces shall be a stainless steel. 
Cabinet shall include interior liner constructed of Type 304 stainless steel with 
sealed seams. All Unit Coils shall be coated. See coil coating requirements 
below.  

H. Cabinet construction shall provide hinged panels providing easy access for all 
parts requiring routine service.  

I. Cabinet top cover shall be one piece construction or where seams exist, it shall 
be double-hemmed and gasket-sealed. 

J. Hinged Access Panels: Water- and air-tight hinged access panels shall provide 
access to all areas requiring routine service including air filters, heating section, 
electrical and control cabinet sections, supply air fan section, evaporator and 
reheat coil sections.  Insulated doors shall be constructed to allow the hinges to 
be reversed in the field.   

1. Hold-open devices shall be factory installed on all hinged access doors. 
Chains shall not be used as hold-open devices. 

2. Latches with locking hasp or tool operated closure devices shall be 
factory installed on all hinged access panels. 

K. Drain Pan material shall be Type 430 Stainless steel drain and constructed to  
sloped in two directions to ensure positive drainage with corners exposed to 
standing water  and drain fittings welded liquid tight to prevent leaks. Pan shall 
have a minimum depth of 2”. Base of drain pan shall be insulated with 1” thick 
foam insulation. 

L. Provide openings either on side of unit or thru the base for power, control and 
gas connections.  

M. Unit shall be equipped with a 6” filter rack upstream of the evaporator. Frame 
shall be field-adjustable to match any filter combination specified in the 
following section. 
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2.4  FANS AND MOTORS 

1. Supply fans shall be high efficiency backward curved impeller. 
2. All Fan motors shall be an (ECM) electronic commutated motor with 

integrated power electronics for variable motor speed. 
3. Outdoor fans shall be direct drive with premium efficiency motors, statically 

and dynamically balanced, draw through in the vertical discharge position. 
4. Provide shafts constructed of solid hot rolled steel, ground and polished, with 

key-way, and protectively coated with lubricating oil. 

2.5 AIR FILTERS 

A. Pre-filter: 

1. Comply with NFPA 90A. 
2. Factory-fabricated, dry, extended-surface, self-supporting type. 
3. Thickness: 2 inch. 
4. Minimum MERV: 8, according to ASHRAE 52.2. 
5. Media: Interlaced glass fibers sprayed with nonflammable adhesive and 

antimicrobial agent. 

B. Final Filter: 

1. Comply with NFPA 90A. 
2. Factory-fabricated, dry, extended-surface, self-supporting type. 
3. Thickness: 2 inch. 
4. Minimum MERV: 14, according to ASHRAE 52.2. 
5. Media: Fibrous material coated with an antimicrobial agent and 

constructed so individual pleats are maintained in tapered form by flexible 
internal supports under rated-airflow conditions. 

C. Mounting Frames: 

1. Panel filters arranged for flat or angular orientation, with access doors on 
both sides of unit. Filters shall be removable from one side or from access 
plenum. 

2. Extended surface filters arranged for flat orientation, removable from 
access plenum. 

3. Galvanized or stainless steel with gaskets and fasteners, suitable for 
bolting together into built-up filter banks with space for prefilter. 

2.6 DAMPERS 

A. Unit shall include a motor operated outdoor air damper constructed of 
galvanized steel. 

B. Damper blades shall be air foil design with rubber edge seals designed not to 
exceed a 4 CFM/SQ FT leakage rate exceeding ASHRAE 90.1 damper leakage 
requirements.   
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C. Damper actuator shall be factory mounted and wired sealed spring return and 
either two-position or fully modulating.  

2.7 DEHUMIDIFICATION/COOLING 

A. Compressors  

1. Provide dual-digital scroll type compressors – minimum 2 digital scrolls. 
2. Motor shall be suction gas-cooled and shall have a voltage utilization 

range of plus or minus 10 percent of unit nameplate voltage. 
3. Internal overloads shall be provided with the scroll compressors. 
4. Each compressor shall have a crankcase heater to minimize the amount 

of liquid refrigerant present in the oil sump during off cycles. 
5. Each compressor shall be mounted on rubber vibration isolators, to 

reduce the transmission of noise. 
6. Provide each unit with two hermetically sealed independent refrigerant 

circuits factory-supplied completely piped with liquid line filter-drier, liquid 
line charging port, suction and liquid line pressure ports, sight glass, and 
thermal expansion valve.   

7. Provide each circuit with automatic reset high and low pressure and high 
temperature switches for safety control. 

B. Coils 

1. Evaporator, Condenser and Hot Gas Reheat coils shall be constructed 
with copper tubes mechanically bonded to configured aluminum plate 
fins.   

2. Coils shall be factory leak tested in accordance ANSI/ASHRAE 15-1992 
at a minimum pressure of 500 PSIG.  

3. The condenser coil shall have a fin designed for ease of cleaning.  
4. Evaporator coil shall include (six / four) rows of cooling interlaced for 

superior sensible and latent cooling with a maximum of 12 FPI for ease of 
cleaning. 

5. Reheat coil shall be fully integrated into the supply airstream and be 
capable of delivering design supply air temperature.  

6. To prevent re-hydration of condensate from evaporator coil, the 
evaporator coil face and the hot gas reheat coil face shall be separated 
by a minimum of six inches.  

7. Coil Coating for condenser, evaporator, HGRH coils: Coil will have a 
flexible epoxy polymer e-coat uniformly applied to all coil surface areas 
with no material bridging between fins. The coating process will ensure 
complete coil encapsulation and a uniform dry film thickness from 0.6 – 
1.2 mills on all surface areas including fin edges and meet 5b rating cross 
hatched adhesion per ASTM B3359- 93.Corrosion durability will be 
confirmed through testing with no less than 5,000 hours salt spray 
resistance per ASTM B117-90 using scribed aluminum test school 
coupons. 

8. The unit(s) must comply per above - spray coatings not acceptable 
9. Condenser coil hail guards shall be factory installed. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 
 

 

PACKAGED OUTDOOR AIR HANDLING UNITS 237413 - 6 
 

C. Condenser Section 

1. Outdoor Fans: Shall be direct drive vertical discharge design with low-
noise corrosion resistant glass reinforced polypropylene props, powder 
coated wire discharge guards and electro-plated motor mounting 
brackets.     

2. Fans shall be statically and dynamically balanced. 

D. Compressor Capacity Control – DUAL DIGITAL SCROLL COMPRESSORS 

1. (Mechanical Control: shall be equipped with Refrigerant Capacity Control 
(RCC) to modulate compressor capacity during Dehumidification or 
Cooling modes to maintain evaporator Dehumidification or Cooling 
setpoint and prevent evaporator frosting or freezing. Hot gas by pass 
shall not be an acceptable compressor capacity control strategy. The 
RCC setpoint is factory set, and field adjustable, to maintain desired 
suction pressure and compressor discharge pressure.  

2.8 HEATING 

A. Modulating Indirect Gas Fired Heating System 

1. Completely assembled and factory installed heating system shall be 
located in the primary heating position located downstream of the indoor 
fan assembly and be integral to unit and approved for use downstream 
from refrigerant cooling coils in units mounted outdoors. Threaded gas 
connection shall terminate at manual shut-off valve. Provide capability for 
sidewall or thru-base gas piping. 

2. Heaters shall include high turn-down burners firing into individual 
stainless steel tubular heat exchangers. Heat exchangers shall be 
constructed of type 439 stainless steel and be a high efficiency dimpled 
tubular design capable of draining internal condensate. Units with multiple 
heaters shall include one fully modulating high turndown heater with 
additional on-off heater sections. Total heater turndown shall be of 10:1. 

3. Heater outdoor air inlet shall be hooded and include internal baffle system 
to prevent rain blow thru. To prevent recirculation of flue gas and to 
prevent flue gas condensate from draining onto and obstructing the 
heater air inlet the inlet shall be hooded and shall be located a minimum 
of 11” beneath the flue outlet. Inlet hood shall include bird screen. 

4. Heater flue outlet(s) shall include hooded outlet with wire cloth all 
constructed of Type 430 stainless steel. Hooded outlet shall be sealed to 
prevent flue gas recirculation. 

5. Gas Burner Safety Controls: Provide safety controls for the proving of 
combustion air prior to ignition, continuous air proving monitoring 
following ignition and continuous electronic flame supervision.  

6. Unit controls shall monitor heat output and shall discontinue all heating 
attempts and or unit operation in the event the heating section fails to 
ignite or fails to maintain programmed supply air temperature/time.  
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7. Inducer fan shall be direct drive high pressure centrifugal type with two 
speeds and shall include built- in thermal overload protection. 

8. Limit controls: High temperature automatic reset limits shall be located on 
blower wall and in indoor fan chamber to shut off gas flow in the event of 
excessive temperatures resulting from restricted indoor airflow, or loss of 
indoor airflow. 

9. Flame roll-out safeties shall provide continuous monitoring of proper 
burner operation. 

2.9 ELECTRICAL RATINGS AND CONNECTIONS 

A. All high voltage power components such as fuses, switches and contactors 
shall include a service personnel protection barrier or shall be a listed as touch-
safe design.  

B. Field wiring access to be provided thru unit base into isolated enclosure with 
removable cover. 

C. Power wiring to be single point connection. 

D. Wiring internal to the unit shall be colored and numbered for identification.  

E. Unit shall be factory wired to field wiring terminal block mounted in isolated 
enclosure. 

F. Factory wired main power disconnect and overcurrent device shall be rated for 
total unit connected power 

G. SCCR rating shall be a minimum of 65kA  

H. Factory wired Voltage/Phase monitor shall be included as standard. In the 
event of any of the following, the units will be shut down and a fault code will be 
stored in the monitor for the most recent 25 faults. Upon correction of the fault 
condition the unit will reset and restart automatically. 

1. Phase Unbalance Protection: Factory set 2% 
2. Over/Under/Brown Out Voltage Protection: +/-10% of nameplate voltage 
3. Phase Loss/Reversal 

I. Factory to mount and wire optional 120 volt convenience outlet. Field wiring of 
convenience outlet not acceptable. 

J. All low voltage field wiring connections shall be made at factory installed low 
voltage terminal strip. 

2.10 UNIT CONTROLS  

A. Controls and Building Management System Integration:  All controls for the 
variable refrigerant system and ventilation air units shall be provided by the 
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equipment manufacturer. Control wiring will be provided as specified under 
section 23 09 00.  Equipment controls shall utilize BACnet communication 
protocol and will be compatible with the automation system.  Equipment 
manufacturer shall provide all programming, checkout commissioning and 
startup of the VRF system and ventilation air systems.  A BACnet Network 
Automation Engine for communication of the VRF system will be provided by 
the controls contractor as specified under section 23 09 00.  VRF and 
ventilation air equipment manufacturer is responsible for providing BACnet 
controls. Equipment manufacturer shall provide onsite technical personnel to 
assist and support controls contractor in integrating the VRF system. 

B. Units shall be configured as follows, depending unit type and application.  

1. Dedicated-Outside Air Unit with active dehumidification-reheat for neutral 
discharge air control with unit conditioning modes to maintain discharge 
air setpoints.  

C. Additional Operational Modes  

1. System Sensors shall include: Factory installed and wired Outdoor Air 
Temperature, Outdoor Air Humidity and Evaporator Leaving Air 
Temperature and factory furnished, field installed Discharge Air 
Temperature.  

D. System controls shall include: 

1. Anti-cycle timing. 
2. Minimum compressor run/off-times. 

2.11 MANUFACTURER'S FIELD SERVICES 

A. Unit start-up shall be completed by an Employee of the Factory and must be a 
factory-certified technician. 

1. Manufacturer must have twenty factory-authorized and factory-trained 
technicians within a 50 mile radius of job site. 

B. The contractor shall furnish manufacturer complete submittal wiring diagrams of 
the package unit as applicable for field maintenance and service.  

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for 
compliance with requirements for installation tolerances and other conditions 
affecting performance of the Work. 
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B. Examine roughing-in for piping, ducts, and electrical systems to verify actual 
locations of connections before equipment installation. 

C. Examine roof curbs and equipment supports for suitable conditions where units 
will be installed. 

D. Proceed with installation only after unsatisfactory conditions have been 
corrected. 

3.2 INSTALLATION 

A. Comply with manufacturer's rigging and installation instructions for unloading 
units and moving to final locations. 

B. Curb Support: Install roof curb on roof structure according to "The NRCA 
Roofing Manual." 

1. Install and secure units on curbs and coordinate roof penetrations and 
flashing with roof construction. 

2. Coordinate size, installation, and structural capacity of roof curbs, 
equipment supports, and roof penetrations. These items are specified in 
Section 07 72 00 "Roof Accessories." 

3. Coordinate size, location, and installation of unit manufacturer's roof 
curbs and equipment supports with roof Installer. 

C. Restrained Curb Support: Install restrained vibration isolation roof-curb rails on 
roof structure according to "The NRCA Roofing Manual." 

D. Install wall- and duct-mounted sensors furnished by manufacturer for field 
installation. Install control wiring and make final connections to control devices 
and unit control panel. 

E. Comply with requirements for gas-fired furnace installation in NFPA 54, 
"National Fuel Gas Code." 

F. Install separate devices furnished by manufacturer and not factory installed. 

G. Install new filters at completion of equipment installation and before testing, 
adjusting, and balancing. 

H. Install drain pipes from unit drain pans to storm drain. 

1. Drain Piping: Drawn-temper copper water tubing complying with 
ASTM B 88, Type L, with soldered joints. 

2. Pipe Size: Same size as condensate drain pan connection. 
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3.3 CONNECTIONS 

A. Where installing piping adjacent to units, allow space for service and 
maintenance. 

B. Duct Connections: 

1. Comply with requirements in Section 23 31 13 "Metal Ducts." 
2. Drawings indicate the general arrangement of ducts. 
3. Connect ducts to units with flexible duct connectors. Comply with 

requirements for flexible duct connectors in Section 23 33 00 "Air Duct 
Accessories." 

C. Electrical Connections: Comply with requirements for power wiring, switches, 
and motor controls in electrical Sections. 

1. Install electrical devices furnished by unit manufacturer but not factory 
mounted. 

3.4 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

1. Complete installation and startup checks according to manufacturer's 
written instructions. 

2. Inspect units for visible damage to refrigerant compressor, condenser and 
evaporator coils, and fans. 

3. Start refrigeration system when outdoor-air temperature is within normal 
operating limits and measure and record the following: 
a. Cooling coil leaving-air, dry- and wet-bulb temperatures. 
b. Cooling coil entering-air, dry- and wet-bulb temperatures. 
c. Condenser coil entering-air dry-bulb temperature. 
d. Condenser coil leaving-air dry-bulb temperature. 

4. Simulate maximum cooling demand and inspect the following: 
a. Compressor refrigerant suction and hot-gas pressures. 
b. Short-circuiting of air through outside coil or from outside coil to 

outdoor-air intake. 

5. Inspect casing insulation for integrity, moisture content, and adhesion. 
6. Verify that clearances have been provided for servicing. 
7. Verify that controls are connected and operable. 
8. Verify that filters are installed. 
9. Clean coils and inspect for construction debris. 
10. Retain first three subparagraphs below for units with furnace. 
11. Retain first subparagraph below for units with restrained vibration 

isolation roof-curb rails. 
12. Inspect and adjust vibration isolators and seismic restraints. 
13. Verify bearing lubrication. 
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14. Clean fans and inspect fan-wheel rotation for movement in correct 
direction without vibration and binding. 

15. Adjust fan belts to proper alignment and tension. 
16. Start unit. 
17. Inspect and record performance of interlocks and protective devices 

including response to smoke detectors by fan controls and fire alarm. 
18. Operate unit for run-in period. 
19. Calibrate controls. 
20. Adjust and inspect high-temperature limits. 
21. Retain first subparagraph below for units designed to operate, at least 

part-time, with less than 100 percent outdoor air. 
22. Inspect outdoor-air dampers for proper stroke. 
23. Verify operational sequence of controls. 
24. Measure and record the following airflows. Plot fan volumes on fan curve. 

a. Supply-air volume. 
b. Retain first subparagraph below for units designed to operate, at 

least part-time, with less than 100 percent outdoor air. 
c. Outdoor-air flow. 

B. After startup, change filters, verify bearing lubrication, and adjust belt tension. 

C. Remove and replace components that do not properly operate and repeat 
startup procedures as specified above. 

D. Prepare written report of the results of startup services. 

3.5 ADJUSTING 

A. Adjust initial temperature and humidity set points. 

B. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

C. Occupancy Adjustments: When requested within 12 months from date of 
Substantial Completion, provide on-site assistance in adjusting system to suit 
actual occupied conditions. Provide up to two visits to Project during other-than-
normal occupancy hours for this purpose. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's 
maintenance personnel to adjust, operate, and maintain units. 

END OF SECTION 23 74 13 
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SECTION 23 82 19 - FAN COIL UNITS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Ducted fan coil units and accessories. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated capacities, operating characteristics, and furnished specialties and 
accessories. 

B. Shop Drawings: 

1. Include details of equipment assemblies. Indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and 
size of each field connection. 

2. Include diagrams for power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Floor plans, reflected ceiling plans, and other details, drawn to 
scale, on which the following items are shown and coordinated with each other, based 
on input from installers of the items involved: 

1. Suspended ceiling components. 
2. Structural members to which fan coil units will be attached. 
3. Method of attaching hangers to building structure. 
4. Size and location of initial access modules for acoustical tile. 
5. Items penetrating finished ceiling, including the following: 

a. Lighting fixtures. 
b. Air outlets and inlets. 
c. Speakers. 
d. Sprinklers. 
e. Access panels. 
f. Baggage belt systems. 

6. Perimeter moldings. 

B. Seismic Qualification Certificates: For fan coil units, accessories, and components, 
from manufacturer. 
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1. Basis for Certification: Indicate whether withstand certification is based on actual 
test of assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and 
locate and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements. 

C. Field quality-control reports. 

D. Sample Warranty: For special warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For fan coil units to include in emergency, operation, 
and maintenance manuals. 

1. In addition to items specified in Section 01 78 23 "Operation and Maintenance 
Data," include the following: 

a. Maintenance schedules and repair part lists for motors, coils, integral 
controls, and filters. 

1.6 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 

1. Fan Coil Unit Filters: Furnish two (2) spare filters for each filter installed. 

1.7 QUALITY ASSURANCE 

A. Comply with NFPA 70. 

B. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems 
and Equipment" and Section 7 - "Construction and Startup." 

C. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, 
Section 6 - "Heating, Ventilating, and Air-Conditioning." 

1.8 COORDINATION 

A. Coordinate layout and installation of fan coil units and suspension system components 
with other construction that penetrates or is supported by ceilings, including light 
fixtures, HVAC equipment, fire-suppression-system components, and partition 
assemblies. 

1.9 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace components of condensing 
units that fail in materials or workmanship within specified warranty period. 

1. Warranty Period: Five years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

B. Factory-packaged and -tested units rated according to AHRI 440, ASHRAE 33, and 
UL 1995. 

2.2 DUCTED FAN COIL UNITS 

A. Provide Carrier, Trane, McQuay, or York (JCI) fan coil units, having capacities as 
scheduled on the drawings.  Fan coil units shall be factory-assembled, vertical, draw-
thru type for suspended ceiling mounting with full access to internal components. Unit 
shall be complete with water coils, fan(s), motor, belt drive, drain pan, and filter.   

B. Fan Coil Unit Configurations: Row split. 

1. Number of Heating Coils: One with two-pipe system. 
2. Number of Cooling Coils: One with two-pipe system. 

C. Coil Section Insulation: 1/2-inch-thick, foil-faced glass fiber complying with 
ASTM C1071 and attached with adhesive complying with ASTM C916. 

1. Surface-Burning Characteristics: Insulation and adhesive shall have a combined 
maximum flame-spread index of 25 and smoke-developed index of 50 when 
tested according to ASTM E84 by a qualified testing agency. 

D. Main and Auxiliary Drain Pans: Stainless steel. Fabricate pans and drain connections 
to comply with ASHRAE 62.1. 

E. Chassis: Galvanized steel where exposed to moisture.  

F. Cabinets: Steel with baked-enamel finish in manufacturer's standard paint color. 

1. Return-Air Plenum: Sheet metal plenum finished to match the chassis. 
2. Dampers: Galvanized steel with extruded-vinyl blade seals, flexible-metal jamb 

seals, and interlocking linkage. 

G. Filters: Minimum arrestance and a minimum efficiency reporting value (MERV) 
according to ASHRAE 52.2 and all addendums. 

H. MERV Rating: 7 when tested according to ASHRAE 52.2. 

1. Pleated Cotton-Polyester Media: 90 percent arrestance and MERV 7. 

I. Hydronic Coils: Copper tube, with mechanically bonded aluminum fins spaced no 
closer than 0.1 inch, rated for a minimum working pressure of 200 psig and a maximum 
entering-water temperature of 220 deg F. Include manual air vent and drain. 

J. Direct-Driven Fans: Double width, forward curved, centrifugal; with permanently 
lubricated, multispeed motor resiliently mounted in the fan inlet. Aluminum or painted-
steel wheels, and painted-steel or galvanized-steel fan scrolls. 

1. Motors: Comply with requirements in Section 23 05 13 "Common Motor 
Requirements for HVAC Equipment." 

2. Two-way, modulating control valve for chilled-water coil. 
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3. Two-way, modulating control valve for heating coil. 
4. Hose Kits: Minimum 400-psig working pressure and operating temperatures from 

33 to 211 deg F. Tag hose kits to equipment designations. 

a. Length: 24 inches. 
b. Minimum Diameter: Equal to fan coil unit connection size. 

5. Two-Piece Ball Valves: Bronze body with full-port, chrome-plated bronze ball; 
PTFE or TFE seats; and 600-psig minimum CWP rating and blowout-proof stem. 

6. Calibrated-Orifice Balancing Valves: Bronze body, ball type; 125-psig working 
pressure, 250 deg F maximum operating temperature; with calibrated orifice or 
venturi, connections for portable differential pressure meter with integral seals, 
threaded ends, and a memory stop to retain set position. 

7. Automatic Flow-Control Valve: Brass or ferrous-metal body; 300-psig working 
pressure at 250 deg F; with removable, corrosion-resistant, tamperproof, self-
cleaning piston spring; factory set to maintain constant indicated flow with plus or 
minus 10 percent over differential pressure range of 2 to 80 psig. 

8. Y-Pattern Hydronic Strainers: Cast-iron body (ASTM A126, Class B); 125-psig 
working pressure; with threaded connections, bolted cover, perforated stainless-
steel basket, and bottom drain connection. Include minimum NPS 1/2 hose-end, 
full-port, ball-type blowdown valve in drain connection. 

9. Wrought-Copper Unions: ASME B16.22. 

K. Control devices and operational sequence are specified in Section 23 05 48 "Vibration 
and Seismic Controls for HVAC Piping and Equipment." 

L. Basic Unit Controls: 

1. Control voltage transformer. 
2. Wall-mounting thermostat with the following features. 

a. Heat-cool-off switch. 
b. Fan on-auto switch. 
c. Fan-speed switch. 
d. Automatic changeover. 
e. Adjustable deadband. 
f. Exposed set point. 
g. Exposed indication. 
h. Degree F indication. 

3. Unoccupied-period-override push button. 
4. Data entry and access port. 

a. Input data includes room temperature, and humidity set points and 
occupied and unoccupied periods. 

b. Output data includes room temperature and humidity, supply-air 
temperature, entering-water temperature, operating mode, and status. 

M. DDC Terminal Controller: 

1. Scheduled Operation: Occupied and unoccupied periods on seven-day clock with 
a minimum of four programmable periods per day. 

2. Unoccupied-Period-Override Operation: Two hours. 
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3. Unit Supply-Air Fan Operation: 

a. Occupied Periods: Fan runs continuously. 
b. Unoccupied Periods: Fan cycles to maintain room setback temperature. 

4. Hydronic-Cooling-Coil Operation: 

a. Occupied Periods: Modulate control valve to maintain room temperature. 
b. Unoccupied Periods: Close control valve. 

N. Interface with DDC System for HVAC Requirements: 

1. Interface relay for scheduled operation. 
2. Interface relay to provide indication of fault at the central workstation. 
3. Provide BACnet interface for central DDC system for HVAC workstation for the 

following functions: 

a. Adjust set points. 
b. Fan coil unit start, stop, and operating status. 
c. Data inquiry, including supply- and room-air temperature. 
d. Occupied and unoccupied schedules. 

O. Electrical Connection: Factory wire motors and controls for a single electrical 
connection. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas, with Installer present, to receive fan coil units for compliance with 
requirements for installation tolerances and other conditions affecting performance of 
the Work. 

B. Examine roughing-in for piping and electrical connections to verify actual locations 
before fan coil unit installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install fan coil units level and plumb. 

B. Install fan coil units to comply with NFPA 90A. 

C. Suspend fan coil units from structure with elastomeric hangers. Vibration isolators are 
specified in Section 23 05 48 "Vibration and Seismic Controls for HVAC Piping and 
Equipment." 

D. Verify locations of thermostats, humidistats, and other exposed control sensors with 
Drawings and room details before installation. Install devices 48 inches above finished 
floor. 

E. Install new filters in each fan coil unit within two weeks after Substantial Completion. 
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3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Sections. Drawings indicate 
general arrangement of piping, fittings, and specialties. Specific connection 
requirements are as follows: 

1. Install piping adjacent to machine to allow service and maintenance. 
2. Connect piping to fan coil unit factory hydronic piping package. Install piping 

package if shipped loose. 
3. Connect condensate drain to indirect waste. 

a. Install condensate trap of adequate depth to seal against fan pressure. 
Install cleanouts in piping at changes of direction. 

B. Connect supply-air and return-air ducts to fan coil units with flexible duct connectors 
specified in Section 23 33 00 "Air Duct Accessories." Comply with safety requirements 
in UL 1995 for duct connections. 

C. Ground equipment according to Section 26 05 26 "Grounding and Bonding for 
Electrical Systems." 

D. Connect wiring according to Section 26 05 19 "Low-Voltage Electrical Power 
Conductors and Cables." 

3.4 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Perform the following tests and inspections: 

1. Operational Test: After electrical circuitry has been energized, start units to 
confirm proper motor rotation and unit operation. 

2. Test and adjust controls and safety devices. Replace damaged and 
malfunctioning controls and equipment. 

C. Remove and replace malfunctioning units and retest as specified above. 

D. Prepare test and inspection reports. 

3.5 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain fan coil units. 

END OF SECTION 23 82 19 
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DOCUMENT 260500 – COMMON WORK RESULTS FOR ELECTRICAL 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Provide complete, tested and fully functional electrical systems as shown on the 
Drawings and as specified herein. 

B. Electrical equipment and installed systems shall be suitable for the intended 
application, shall be safe for the intended use, shall be fully rated for the available fault 
current, and shall conform to local building codes and statutory requirements. 

1.2 RELATED DOCUMENTS 

A. The Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 
In the event of conflict between specific requirements of the various documents, the 
more restrictive, the more extensive (i.e.: more expensive) requirement shall govern. 

B. Electrical requirements specified in this Section apply to electrical equipment and 
materials described in other Sections of Division 26. 

1.3 SCOPE OF WORK 

A. The work includes, but is not limited to, the following: 

1. Basic electrical materials and methods 
2. Grounding System 
3. Electrical identification 
4. Wire and cable 
5. Raceways, boxes, and fittings 
6. Lighting Controls 
7. Receptacles and Equipment Connections 
8. Interior Lighting 
9. Fire Alarm System 
10. Seismic Restraints for Electrical 
11. Building expansion/seismic joint accommodation equipment 
12. Fire Rated Penetration Systems 
13. Low Voltage Systems Raceway Distribution System 
14. Coordination Drawings 
15. Thorough cleaning of all equipment prior to energization 
16. Protection of all equipment under this Division until the final acceptance of the job 

B. Coordinate Division 26 requirements with work in other Divisions. 
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C. Submit preconstruction submittals, shop drawings, product data, samples, design data, 
test reports, certificates, manufacturer’s instructions, manufacturer’s field reports, 
operation and maintenance data, closeout submittals and other specified documents to 
the Engineer for review and approval as described in Division 1, in this Section, and in 
other Sections of Division 26. 

D. The following principal items of work will be performed under other Sections unless 
otherwise noted: 

1. Finish painting of all exposed raceways, boxes, hangers, apparatus, etc., except 
as otherwise specifically mentioned herein. 

2. Cutting and patching referred to in Division 1. 

1.4 PROJECT CONDITIONS 

A. Ambient temperature, humidity, and elevation ranges:  Equipment other than 
transformers shall be rated for continuous operation at full rated load without derating, 
under the following conditions: 

1. Ambient Temperature:  0 to 40 deg C. 
2. Humidity:  Less than 90 percent (non-condensing). 
3. Altitude:  Not exceeding 3300 feet (1000 m). 

B. Product Selection for Restricted Space:  Drawings show allowable space to scale for 
anticipated equipment sizes.  Comply with NEC requirements for working clearances 
and with manufacturer’s recommendations for access for maintenance. Notify the 
Engineer if insufficient space is available for available products. 

1.5 DEFINITIONS 

A. In addition to the Definitions in Specification Division 1, the following definitions apply 
to Division 26: 

1. AHJ: The statutory Authority Having Jurisdiction as defined in NEC Article 100 for 
enforcement of legally required compliance to local codes, standards, and 
ordinances. 

2. ANSI: American National Standards Institute 
3. AEIC: Association of Edison Illuminating Companies 
4. ASQ: American Society for Quality 
5. AWG: American Wire Gauge 
6. CFR: Code of Federal Regulations 
7. Cable: an assembly of insulated conductors 
8. Control panel: an electrical enclosure housing control logic devices and an 

operator control interface 
9. Commissioning: the process of testing system performance after the sequential 

steps of installation, testing, energization, startup (including initial adjustment and 
de-bugging) and functional testing of individual pieces of equipment have all 
been completed 
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10. Contract: as used in the Electrical Specification, includes all Contract documents 
including Specifications and Appendices, Drawings, Addenda, and Change 
Orders 

11. ICEA: Insulated Cable Engineers Association 
12. Equipment: a general term including materials, fittings, devices, appliances, 

fixtures, apparatus, and the like, used as part of, or in connection with, an 
electrical installation (OSHA Section 29 CFR 1910.399(46) definition) 

13. FM: Factory Mutual, Inc. 
14. Field wiring: on-site installation of raceways & conductors to connect equipment 

in accordance with approved drawings 
15. Field test: electrical test carried out on-site 
16. Fail-safe: selection of control devices and contacts in a manner which results in 

safe shutdown of the equipment whenever one of the following events occurs: 

a. Loss of remote control RUN command (normal configuration: contacts 
close to run equipment) 

b. Intentional and unintentional disconnection of device (normal configuration: 
contacts open to shut down equipment) 

c. High contact resistance or high resistance connection 
d. Loss of 4-20mADC signal 
e. Definite-time sequence takes too long, e.g., reduced voltage motor starter 

fails to make transition from START mode to RUN mode after a reasonable 
time 

f. Defined sequence does not occur, e.g., there is no flow from a motor driven 
pump within a reasonable time after the motor starter contactor is 
energized. 

17. Furnish and install: same as “Provide” below. 
18. Functional testing: verification of the satisfactory performance of control logic, 

with due attention to equipment protective devices, for example, overload relays, 
temperature switches, pressure switches, flow switches, and similar devices, 
under actual operating conditions   

19. HV: high voltage, operating voltage over 600V (NEC definition) 
20. IEEE: Institute of Electrical and Electronics Engineers, Inc. 
21. ISO: International Standards Organization 
22. Lineup: with respect to switchgear, switchboards, and motor control centers, a 

contiguous group of vertical sections with common main busbars, and including 
bus tie breaker sections and control sections 

23. LV: low voltage, operating voltage under 600V (NEC definition) 
24. Megger: insulation tester with megohm scale 
25. NEC: NFPA 70, the National Electrical Code 
26. NETA: InterNational Electrical Testing Association, Inc. 
27. NICET: National Institute for Certification in Engineering Technologies 
28. NFPA: National Fire Protection Association 
29. NRTL: Nationally recognized testing laboratory as defined in 29 CFR 1910.7 as it 

applies to testing and inspecting for safety in the workplace (OSHA definition) 
30. Nonconformity: The nonfulfillment of a specified requirement (ASQ definition) 
31. “Or approved equal”: proposed “equal” product shall be in conformance with all 

specified requirements, shall be equivalent in materials of construction to 
specified manufacturers’ products, shall have equal or superior performance in 
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the conditions anticipated for use of the product in this project, and shall be 
approved by the Engineer  

32. OSHA: Occupational Safety and Health Act 
33. Panel: with respect to circuit breaker and fuse power distribution centers, panel is 

equivalent to “distribution board”, e.g., lighting panel; with respect to control 
panels, refers either to the entire control panel itself or to a steel plate used for 
mounting devices inside the control panel 

34. Provide: Throughout the Specification, use of this term includes project 
administration, quality assurance, human resources, tools & equipment, logistics 
and scheduling, submittals of shop drawings & samples for approval, managing 
suppliers, purchasing, manufacturing, factory testing, release for shipment, 
packing, delivery, storage, submittal of coordinated & dimensioned installation 
drawings for approval, installation, surface preparation & finishes, site testing, 
startup & commissioning, on-site supervision by equipment manufacturers’ 
representatives, spare parts & tools, Operations and Maintenance (O&M) 
Manuals, training, guarantees and warrantees, other work described in individual 
Sections of the Specification, and the Contractor’s duties, responsibilities, risks, 
and liabilities under the Contract. 

35. Punch list: document containing detailed descriptions of non-conformities 
36. Quality: conformance to specified requirements. 
37. RMS: root mean square 
38. Raceways: cable ladder and tray, conduit, duct, wireway, and associated boxes 

and fittings which enclose, support, and protect wires and cables 
39. Shop drawings: a complete package of manufacturer’s equipment drawings, bill 

of materials, catalog data sheets, performance curves, calculations, and other 
data provided to demonstrate conformance to the equipment specification 

40. Substitution: an alternative, nonconforming product proposed by the Contractor 
in lieu of a specified, conforming product 

41. Substantial Completion: an electrical system may be considered substantially 
complete when the equipment has passed the specified tests required prior to 
energization, has been energized, has passed the Electrical Acceptance Tests, 
and all related Specification requirements have been met except for well-defined 
minor items which, in the opinion of the Engineer, may be repaired or replaced 
prior to Final Acceptance without adversely affecting process performance.  

42. Terminal box: an electrical enclosure containing labeled terminal blocks for 
connection of wiring 

43. UL: Underwriters Laboratories, Inc. 
44. VFC: variable frequency controller 
45. VFD: variable frequency drive, the combination of VFC and inverter-duty motor 

that drive mechanical loads using the principle of variable frequency motor 
control 

46. Wiring: conductors and connections to equipment terminals. ‘Wiring’ and ‘cabling’ 
shall be considered equivalent terms. Fiber optic cables shall be included in the 
scope of electrical wiring. 

1.6 REFERENCE STANDARDS 

A. Notwithstanding revision dates shown in this and other Sections of Division 26, the 
codes and standards applicable to this project shall be those in effect at the time of bid 
submittal, except for NFPA 70 NEC, which shall be the version acceptable to the AHJ. 
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1.7 QUALITY ASSURANCE 

A. In consultation with the equipment and materials Suppliers, the Contractor shall 
prepare and submit a Compliance Statement as described in “SUBMITTALS” below 
with each submittal requiring approval. 

B. The Engineer’s approval of a submittal shall not relieve the Contractor of any 
Contractor responsibilities under the Contract. Approval of a submittal that is 
incomplete, or one that has nonconformities that are not described in the Compliance 
Statement that is specified to be included with each submittal, followed by the 
discovery of unapproved nonconformities, will result in replacement of the non-
conforming items at no additional cost to the Owner. Substitutions require the approval 
of the Engineer.  

C. Manufacturers of electrical equipment shall have quality certification to ISO 9000:2000 
or an equivalent Quality Management System acceptable to the Engineer. 

D. Equipment, materials, and installation shall conform to NEC requirements and shall be 
NRTL-listed and labeled. 

E. On-site testing prior to energization and electrical acceptance testing shall be 
performed as specified in other Sections. 

F. Manufacturers, manufacturer’s representatives, subcontractors, supervisors, installers, 
and testing agencies shall have qualifications and experience as described in other 
Sections of the Specification. Qualifications and experience submittals for firms and 
individuals shall be submitted, re-submitted, or updated whenever requested by the 
Owner’s Representative. 

1.8 SAFETY IN THE WORKPLACE 

A. Electrical equipment and materials, and the Contractor’s installation practices, shall 
conform to the following: 

1. Current edition of OSHA sections of the Code of Federal Regulations (CFR): Part 
29 CFR 1910 for General Industry and Part 19 CFR 1926 for Construction 
Activities 

2. NFPA 70, the National Electrical Code 
3. Current edition of NFPA 70E, Standard for Electrical Safety Requirements for 

Employee Workplaces 

B. These regulations and standards impose obligations on equipment manufacturers to 
obtain NRTL certification, listing, and labeling to comply with OSHA (Occupational 
Safety and Health Act) and Department of Labor regulations. 

C. All electrical equipment for which NRTL test procedures have been established shall 
be certified, listed, and labeled, or otherwise determined to be safe for its intended use, 
by a NRTL. The absence of a specific reference to NRTL-listing in other Sections shall 
not relieve the Contractor of the requirement to provide NRTL-listed equipment, and to 
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obtain certification as required by the AHJ in cases where NRTL listing and labeling is 
not a manufacturer’s standard offering for a particular product. 

D. Equipment shall not be modified in any manner adversely affecting safety for the 
intended use, nor shall any equipment be modified on-site without the approval of the 
manufacturer. 

E. Equipment sound levels shall not exceed limits established by reference standards and 
local regulations.  In the absence of reference standards and local regulatory 
requirements, sound pressure levels shall not exceed 85 dB (A) measured three feet 
from the equipment.  

F. Equipment with moving parts shall be fully guarded in compliance with OSHA rules and 
regulations. 

1.9 INSPECTIONS BY THE AHJ 

A. The Contractor shall make arrangements for electrical inspection of the project by the 
AHJ.  Upon completion of the work, final certificate of approval documents shall be 
submitted to the Engineer for forwarding to the Owner.  This certificate shall be 
submitted prior to request for final payment.  The Contractor shall pay all fees required 
for inspection. 

1.10 WORKMANSHIP AND MATERIALS 

A. Materials and equipment shall be new and undamaged, shall be marked by the 
manufacturer, and shall be delivered to the construction site in the original factory 
packaging.  

B. Materials and equipment shall be installed in accordance with the Drawings, the 
Specification, and the manufacturer’s installation, operation, and maintenance 
instructions. In the event of apparent conflicts or discrepancies, the Engineer shall be 
informed of the apparent conflict or discrepancy in writing, and will instruct the 
Contractor how to proceed. 

1.11 RESOURCES AND CONSTRUCTION SCHEDULE 

A. The Contractor shall provide sufficient resources, including qualified and experienced 
project managers, electrical engineers, superintendents, technicians, supervisors, 
electricians, tools and construction equipment to complete the electrical work in 
accordance with the activity durations and sequences shown on the Construction 
Schedule for this project. 

B. The construction schedule shall include the following activities and milestones, in 
realistic sequence, for each transformer, circuit breaker panelboard and exterior 
lighting: 

1. Review of shop drawings 
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2. Approval of shop drawings (milestone) 
3. Factory testing 
4. Request for release of shipment documentation 
5. Shipping 
6. Delivery to site (milestone) 
7. Formwork ready for sleeves, openings, and inserts 
8. Equipment installation (including “remote” sites) 
9. Tests on completion of installation (prior to energization) 
10. Energization (milestone) 
11. Functional testing 
12. Acceptance testing 
13. Installation, testing, and commissioning complete (milestone) 

C. The construction schedule shall include the following activities and milestones, in the 
following sequence, for electrical raceways and wiring in each building and structure: 

1. Review of Contractor’s dimensioned layout and coordination drawings 
2. Approval of Contractor’s dimensioned layout and coordination drawings 

(milestone) 
3. Materials delivery to site (milestone) 
4. Foundations ready for grounding electrode installation 
5. Imbedded raceway installation 
6. Room ceiling, wall, and floor finishing complete (ready for exposed raceway 

installation) 
7. Surface raceway installation  
8. Wire & cable installation  
9. Tests on completion of installation (prior to energization) 
10. Wire and cable testing complete (milestone) 

1.12 CONTRACT DRAWINGS AND SPECIFICATIONS 

A. The Electrical Drawings provide scaled layouts of representative equipment and key 
building dimensions, for example, structural gridlines, but do not include “approved for 
construction” dimensions for equipment. 

B. All electrical systems, mounting hardware, labor and other items indicated on the 
Electrical Drawings, schedules and/or specifications shall be included in the 
Contractor’s bid, unless specifically indicated otherwise. The specifications, schedules, 
diagrams, details and plans are complementary and what is indicted on any is as 
binding as if indicated on all. Where conflict exists between what is shown and what is 
specified, the more stringent shall govern. 

C. The drawings are diagrammatic and are not intended to show each and every 
conductor, fitting, device, conduit, or complete detail of all the work to be performed, 
but are for the purpose of illustrating the type system and special conditions necessary 
for the experienced electrician to take off their material and lay out the work. The 
Contractor shall be responsible for making such measurements as may be necessary 
at the Project and adapting the work to project conditions. 
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D. Drawings shall not be scaled. Refer to architectural and structural drawings for building 
construction and dimensions and to room finish schedule or architectural drawings for 
material, finish and construction method of walls, floor and ceiling in order to insure 
proper rough-in and installation of work.  

1.13 COORDINATION OF WORK 

A. Work under this Division shall be performed in conjunction with the work of other 
trades. Coordinate electrical installation work with the overall construction schedule. 
Examine the plans and specifications prior to commencement of work and become 
familiar with all phases of work involved prior to commencing installation work.  

B. The Contractor shall be responsible for coordinating dimensions of equipment and 
working clearances in accordance with NEC, and in all cases bring to the attention of 
the Engineer any discrepancies on the plans and in the specifications prior to 
installation. Any work that installed without proper coordination shall be removed and 
reinstalled at the Contractor's expense.  The layout for sleeves, chases, openings, etc., 
must be arranged prior to construction in order to prevent unnecessary cutting. 
Examine Architectural drawings for doors swings, countertop heights, built-in furniture 
and casework, and other factors affecting electrical outlet locations prior to roughing-in 
raceways, boxes, fittings, and outlets.  

1.14 CODES AND STANDARDS 

A. All equipment and materials shall be manufactured, tested, and installed in accordance 
with the National Electrical Code (NEC) and all applicable portions of local codes, in 
accordance with the requirements of the AHJ. 

B. In addition, work shall be in accordance with the versions of the following referenced 
standards in effect at the time of bid opening: 

1. American Association for Laboratory Accreditation (A2LA) 
2. American Society for Testing and Materials (ASTM) 
3. American National Standards Institute (ANSI) 
4. Americans with Disabilities Act (ADA) 
5. Code of Federal Regulations (29 CFR 1903, 1910, and 1926) 
6. Factory Mutual Engineering & Research (FME&R)  
7. Illuminating Engineering Society of North America (IESNA) 
8. Insulated Cable Engineers Association (ICEA) 
9. International Organization for Standardization (ISO) 
10. National Electrical Manufacturers Associates (NEMA) 
11. Institute of Electrical and Electronic Engineers (IEEE) 
12. National Fire Protection Association (NFPA) 
13. Occupational Safety and Health Act (OSHA) 
14. Underwriters Laboratory, Inc. (UL) and other NRTL standards and test 

procedures 
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1.15 SUBMITTALS 

A. Submittals shall conform to requirements described in Division 1 Section “Submittal 
Procedures”. 

B. Compliance Statement: with each submittal, include a Compliance Statement listing 
each Specification Section, and Part 1, 2, and 3 Sub-Sections, stating, paragraph-by-
paragraph, compliance with the Specification, each minor nonconformity that is within 
the intent of the Specification, and proposed nonconformities. Provide short description 
of minor nonconformities, and detailed explanation of other nonconformities.  

C. Submittal Format 

1. Each submittal shall be accompanied by a transmittal letter showing the submittal 
category and Specification Section reference number(s). Submittals shall be 3-
hole punched and neatly bound.  

2. Submittals shall have a complete Table of Contents with tabs corresponding to 
the Table of Contents headings. 

3. Submittal transmittal letters shall clearly identify the reason for submittal, e.g., for 
approval, as manufactured, or as-built / record. 

4. Each page of each submittal shall be numbered. Page numbers shall be listed on 
the Table of Contents. Content shall be printed on 8½ x 11 inch paper, or 11 x 17 
paper (folded). Larger size drawings shall be folded and placed in labeled 
individual clear plastic pockets. 

5. Product Data shall be clearly marked to show which items are proposed for this 
project. Information that does not apply to this project shall be crossed out.  

D. Submittal Categories 

1. Preconstruction Submittals, including proposed substitutions, supplier and 
manufacturer qualifications and experience, construction scheduling, preliminary 
harmonics analysis for variable frequency controllers 

2. Shop Drawings, including equipment drawings, seismic bracing details, and 
Coordination Drawings 

3. Product Data, marked to indicate precisely which items are proposed for this 
project  

4. Samples, labeled by name, Specification Section and sub-clause, and mounted 
on sample boards 

5. Design Data, including manufacturer’s design calculations 
6. Test Reports, including prototype tests, factory tests, field tests, acceptance 

tests, and functional tests 
7. Certificates, including seismic qualification certification, welding certificates, 

factory training certificates for manufacturer’s representatives 
8. Manufacturer’s Instructions, including unloading, hoisting, rigging, short term 

storage, long term storage, method of field assembly, and installation instructions 
9. Manufacturer’s Field Reports, including inspections and training records 
10. Operation and Maintenance Manuals, including manufacturer’s standard 

published literature and specially prepared descriptions of operation 
11. Closeout Submittals, including black line paper copy of Record Drawings marked 

in red illustrating changes during construction 
12. Spare Parts and Special Tools List 
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E. In the absence of contradictory instructions in Division 1 Section “Submittal 
Procedures”, Shop Drawings and Coordination Drawings shall be marked with revision 
blocks to indicate status as follows: 

1. FOR APPROVAL 
2. AS MANUFACTURED (incorporates Engineer’s comments) 
3. AS BUILT / RECORD (incorporates on-site modifications) 

F. Product Data Sheets: Submit a list of manufacturers with catalog numbers and product 
data sheets for the following materials miscellaneous equipment, and obtain approval 
before the items in question are ordered or installed. 

1. Grounding Systems 
2. Raceways, Boxes, and Fittings 
3. Wire and Cable (600 V and less) 
4. Fire Rated Penetration Systems 
5. Electrical Identification 
6. Hangers and Supports 
7. Seismic Restraints 
8. Lighting Control Devices 
9. Wiring Devices 
10. Lighting Fixtures 
11. Fire Alarm System 

G. Record Drawings: Maintain a full size paper set of “black-line” working drawings 
throughout the project, and shall carefully record in red ink the actual locations 
including dimensions to locate each piece of electrical equipment, raceways, boxes, & 
fittings, and electrical outlets.  Upon Substantial Completion of the work, deliver the 
marked-up set of prints to the Engineer. The Engineer reserves the right to withhold 
final payment until "As-Built" drawings are received. 

H. Operation and Maintenance Manuals: Prior to acceptance of the finished project, 
provide copies of electrical Operation and Maintenance Manuals in conformance with 
Division 1 Section “Operation and Maintenance Data”.  O&M Manuals shall be 
organized according to Division 26 Section numbers. Each copy shall be bound in a 
durable, 3-ring hardback binder, with data sheets individually punched and reinforced 
to prevent tearout.  Data sheets shall be grouped, and binder dividers shall be provided 
to match the Table of Contents.  Each Manual shall have an identifying label on the 
spine and front cover and shall include the following: 

1. List of all O&M Manuals in the front of each manual. 
2. Table of Contents for each manual and each binder 
3. Copy of each of the following: 

a. Preconstruction Submittals 
b. Shop Drawings 
c. Product Data 
d. Design Data 
e. Test Reports 
f. Certificates 
g. Manufacturer’s Instructions 
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h. Manufacturer’s Field Reports 
i. Operation and Maintenance Data 
j. Closeout Submittals 
k. Panelboard directories (as-built) 

1.16 OUTAGES 

A. Electrical outages: Do not interrupt electrical service to facilities occupied by Owner or 
others unless permitted under the following conditions and then only after arranging to 
provide temporary electrical service if required by the Specification. 

1. Notify the Owner a minimum of 14 days in advance of proposed interruption of 
electrical service.  

2. Submit step-by-step sequence and schedule for proposed interruption, and if 
required, proposed method of providing temporary electrical service, to the 
Owner for approval. 

3. Confirm approved interruption of electrical service one week in advance of 
Owner-approved date. 

4. All work requiring an outage shall be done at night, from after the last plane 
arrival until 4am. 

5. Do not proceed with interruption of electrical service without written permission 
from the Owner. 

1.17 TEMPORARY LIGHTING AND POWER 

A. Refer to Division 1. 

B. The Contractor shall provide all temporary electric service for power and lighting 
including panels, feeders, lighting, outlets, branch circuits, etc. 

C. The Owner’s electrical power shall not be used without permission of the Owner. 

D. All temporary work shall be in accordance with the NEC, OSHA, and NFPA safety 
requirements and shall be completely removed upon completion of the project. 

PART 2 - PRODUCTS AND EXECUTION 

2.1 EQUIPMENT AND MATERIALS 

A. Provide equipment and materials in compliance with other Sections of Division 26. The 
requirements in this Section apply to all Sections in Division 26. 

2.2 ELECTRICAL IDENTIFICATION 

A. Electrical equipment, raceways, boxes, fittings, wires and cables shall be marked in the 
field in accordance with Division 26 Section “Electrical Identification”. 
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2.3 ELECTRICAL ENCLOSURES 

A. In the absence of other specified NEMA enclosure ratings in other Sections of the 
Specification, electrical enclosures shall have degree of protection ratings suitable for 
the intended application (e.g., watertight, dust-tight, explosion-proof) and 
environmental conditions. Electrical equipment enclosures shall have the following 
NEMA 250 ratings: 

1. NEMA 3R: Electrical enclosures located outdoors in non-corrosive areas shall be 
NEMA 3R painted steel. 

2. NEMA 4X: Outdoor enclosures in corrosive areas, including areas exposed to 
cooling tower mist, shall be NEMA 4X stainless steel.  

2.4 ELECTROMAGNETIC INTERFERENCE 

A. Power conversion equipment, including variable frequency controllers, battery-powered 
inverters, computer power supplies, frequency converters, and Uninterruptible Power 
Supplies, shall be fitted with EMI (electromagnetic interference), RFI (radio frequency 
interference) and telephone interference filters to limit interference effects on other 
equipment in the area in accordance with IEEE standards and recommendations 
applicable to the equipment. 

2.5 DISSIMILAR METALS 

A. Dissimilar metals shall not be connected, spliced, or joined except where specifically 
approved in writing by the Engineer. Copper busbars, aluminum busbars, and copper-
to-aluminum busbar connections shall be tin-plated at joints and at cable lugs. Bolted 
electrical conductor connections shall be made with silicone-bronze bolts, nuts, and 
washers. Belleville washers & tin-plated flat washers shall be used at aluminum-to-
copper and aluminum-to-aluminum busbar joints. 

2.6 FIRE RATED PENETRATION SYSTEMS 

A. Provide UL Listed fire penetration systems in openings in rated floors, walls, and other 
elements of construction.  Provide UL listed fire penetration systems at all new and 
existing pipe penetrations of new and existing rated construction within the area of 
work.  Coordinate work of this section with all other trades necessary for the proper 
installation of the fire rated penetration systems. 

B. Submit shop drawings showing each condition requiring penetration seals in dictating 
proposed UL systems materials, anchorage, methods of installation, and actual 
adjacent construction.  Submit a copy of UL illustration of each proposed system 
indicating manufacturer approved modifications.  Submit copies of manufacturer's 
specifications, recommendations, inspection requirements, installation instructions, and 
maintenance data for each type of material required.  Include letter indicating that each 
material complies with the requirements and is recommended for the applications 
shown. 
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C. All fire penetration systems shall reference ASTM E814/UL 1479 - Fire Test of Through 
- Penetration Fire Stops. 

D. All systems shall be UL tested and listed in the UL Fire Resistance Directory. 

E. Submit copies of written guarantee agreeing to repair or replace joint sealers which fail 
in joint adhesion, cohesion, abrasion resistance, weather resistance, extrusion 
resistance, migration resistance, stain resistance, general durability or appear to 
deteriorate in any other manner not clearly specified by submitted manufacturer's data 
as an inherent quality of the material for the exposure indicated.  The guarantee period 
shall be one (1) year from date of substantial completion. 

F. 3M products have been specified as the penetration fire stop basis of design. Other 
manufacturer's systems are acceptable providing they meet the requirements set forth 
in this specification.  The fire rated penetration systems shall be the products of one 
manufacturer to the maximum extent possible.  The products of more than one 
manufacturer shall not be used as a combined seal. 

G. Provide materials classified by UL to provide fire stopping equal to time rating, both "F" 
and "T" ratings, of construction being penetrated.  Provide asbestos free materials that 
comply with applicable codes and have been tested under positive pressure in 
accordance with UL 1479 or ASTM E814.  Systems shall be smoke and air tight. 

H. Deliver material undamaged in manufacturer's clearly labeled, unopened containers 
identified with brand, type, grade, and UL label where applicable.  Coordinate delivery 
with scheduled installation date to allow minimum storage time at site.  Store material 
in clean, dry ventilated location. Protect from soiling, abuse, and moisture.  Follow 
manu-facturer's instruction. 

I. Verify existing conditions and substrates before starting work.  Correct unsatisfactory 
conditions before proceeding.  Proceed with installation only after penetrations of the 
substrate and supporting brackets have been installed. 

J. Furnish adequate ventilation if using solvent.  Furnish forced air ventilation during 
installation if required by manufacturer.  Keep flammable materials away from sparks 
or flame.  Provide masking and drop cloths to prevent contamination of adjacent 
surfaces by fire stopping resistance. 

K. Clean surfaces to be in contact with penetration seal materials, of dirt, grease, oil, 
loose, materials, rust, or other substances that may affect proper fitting, adhesion of 
the required fire resistance. 

L. Install penetration seal materials in accordance with printed instructions of the UL Fire 
Re-sistance Directory and in accordance with manufacturer's instructions.  Seal holes 
or voids made by penetrations to ensure an effective smoke barrier.  Where floor 
openings without penetrating items are more than four (4) inches in width and subject 
to traffic or loading, install fire stopping materials capable of supporting same loading 
as floor.  Protect materials from damages on surfaces subject to traffic. 
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M. Clean up spills of liquid components.  Neatly cut and trim materials as required.  
Remove equipment, materials, and debris, leaving area in undamaged, clean 
condition. 

N. Examine penetration sealed areas to ensure proper installation before concealing or 
enclosing areas.  Keep areas of work accessible until inspection by applicable code 
authorities.  Perform under this section patching and repairing of fire stopping caused 
by cutting or penetration by local inspectors and other trades. 

O. Fire Rated Pathway for Low Voltage Systems: All data, video and communications 
cable bundles shall utilize an enclosed fire-rated pathway device wherever cables 
penetrate rated area separation walls. The fire-rated pathway shall contain a built-in 
fire sealing system sufficient to maintain the hourly fire rating of the barrier being 
penetrated. The self-contained sealing system shall automatically adjust to the installed 
cable loading and shall permit cables to be installed, removed, or retrofitted without the 
need to remove or reinstall firestop materials. The fire rated pathways shall consist of 
three inch square chases gangable up to three pathways at any location. The pathway 
shall be UL classified and/or FM systems approved and tested to the requirements of 
ASTM E814 (UL 1479). Specified Technologies, Inc. EZ-Path. Refer to architectural 
drawings for location of the rated area separation walls. 

2.7 WARRANTIES 

A. Warranties for equipment and materials shall conform to Division 2 “Product 
Requirements”. 

B. Provide an on-site parts and labor warranty for a minimum period of one year after 
Substantial Completion for all equipment and materials. In cases where the 
manufacturer offers a longer warranty period, the longer warranty period shall apply as 
described by the manufacturer.  

C. All components of electrical systems that are not fully functional at the time of 
Substantial Completion shall have warranties extended to provide minimum one year 
coverage of fully operational equipment unless otherwise approved by the Owner’s 
Representative. 

PART 3 - EXECUTION 

3.1 DELIVERY AND HANDLING 

A. Equipment delivered to site shall be handled in accordance with manufacturer’s 
recommendations by experienced riggers, crane operators, and fork lift truck operators. 

3.2 STORAGE AND PROTECTION OF EQUIPMENT 

A. All electrical equipment to be used in construction shall be properly stored and 
protected against the elements.  General construction materials shall be stored in 
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covered trailers.  Switchgear, unit substations, motor controllers, panelboards, 
emergency lighting, solid state equipment, engine generator shall be stored in a clean, 
dry, indoor location, under cover, until the building is weathertight and the area where 
the equipment is to be installed has been completed to the satisfaction of the Engineer, 
including completion of overhead work by other trades. 

B. Equipment enclosures exposed to construction damage such as paint spots, spackling, 
waterproofing, insulation etc. shall be covered and protected against damage. 

3.3 INSPECTIONS PRIOR TO COVERING-UP 

A. Raceways embedded in concrete or otherwise concealed shall be inspected in the 
presence of the Engineer’s Representative prior to placement of concrete. Sufficient 
time shall be allowed to make corrections if required. 

3.4 ON-SITE INSPECTIONS AND NONCONFORMITIES 

A. Equipment shall be inspected on delivery to site for physical damage and for 
compliance with the Specification and approved equipment shop drawings. 

B. Installed equipment, raceways, and wiring shall be inspected on completion of 
installation for compliance with the Specification and approved installation drawings. 

C. A Punch List will be prepared by the Owner’s Representative during inspections and 
testing, and issued to the Contractor for corrective action. 

D. Conform to Division 1 Section “Contract Closeout”. 

E. Repairs, replacement, and other corrective action that requires de-energizing any part 
of the Electrical Power Distribution and Control System shall be completed prior to the 
scheduled date for substantial completion of the project. 

3.5 CUTTING AND PATCHING 

A. Conform to Division 1 Section “Cutting and Patching”. 

3.6 PENETRATIONS AND SEALING 

A. Sleeves and rectangular openings shall be provided for raceways provided under this 
Contract, and for raceways for future equipment where future equipment is shown on 
the Drawings. Sleeves and rectangular openings for the passage of raceways and 
conductors shall be sealed after the raceways and conductors have been installed. 
Spare sleeves and rectangular openings shall also be sealed. 

B. Penetration of Waterproof Construction: Coordinate the work to minimize penetration of 
waterproof construction, including roofs and exterior walls.  Where penetrations are 
necessary, provide sleeves and sealing fittings to make each penetration watertight. 
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Conduit sleeves and openings shall be sealed watertight with mechanical seals. 
Watertightness shall not rely on caulking. 

3.7 ELECTRICAL SAFETY AND TEST EQUIPMENT 

A. Maintain the following test instruments and calibration certificates less than 12 months 
old on-site as a minimum: 

1. True RMS digital volt-ohm meter with resistance scale 
2. Clip-on ammeter with range from 1 to 600 amps 
3. 500V DC battery-powered megger insulation tester 

B. Provide electrical safety equipment, including personal protective equipment, hot 
sticks, HV gloves, electrical blankets, test instruments, lighting, ventilation, and 
instructions in the use of safety equipment, and perform the work under this Contract in 
accordance with applicable safety rules and regulations. The Contractor’s attention is 
directed to safety issues related to confined spaces as defined in OSHA regulations. 

3.8 CLEANING AND PAINTING 

A. Conform to Division 1 Section “Closeout Procedures”. 

B. After installation and wiring work is completed, all dust and debris shall be removed 
from the interior and exterior of each electrical equipment enclosure and motor by 
vacuum-cleaning with circuits de-energized. Do not use compressed air for cleaning. 
Vacuum cleaner wands and brushes shall be non-conducting. Anti-static protection 
shall be provided for static-sensitive devices. 

C. Clean and remove all rust, scale, oil, grease, and dirt from panelboard enclosures, 
conduits, pull, junction and terminal boxes, fittings and hangers, leaving surfaces in 
condition for final surface preparation and painting under Division 9.  

D. All ferrous materials that are concealed, or exposed in unfinished areas, including 
fittings, hangers, junction, pull and terminal boxes, that are not plated or painted with a 
factory-applied finish, shall be painted under this Section with one coat of zinc-
chromate primer and one (1) finish coat of enamel paint approved by the Engineer.  
Nonferrous materials shall be cleaned only and left unpainted. 

E. Equipment furnished with a factory finish coat shall have finish carefully touched-up 
where it is scratched or otherwise damaged.  Touch-up work shall be match the color 
and type of the original finish. 

3.9 LOAD BALANCING  

A. Single phase circuits in single and three-phase fuse and circuit breaker distribution 
boards and lighting panels shall be balanced initially based on the load calculations. 
Load currents shall be measured under actual operating conditions, and under 
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conditions described by the Engineer. Circuiting shall be re-arranged as necessary to 
obtain current balancing within 10% on each busbar. 

B. Contractor shall submit a test report to the Engineer, including any issues observed 
and recommendations for review and approval. 

END OF DOCUMENT 260500 
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DOCUMENT 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Copper building wire rated 600 V or less. 
2. Connectors, splices, and terminations rated 600 V and less. 

1.3 DEFINITIONS 

A. RoHS: Restriction of Hazardous Substances. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Product Schedule: Indicate type, use, location, and termination locations. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing agency. 

B. Field quality-control reports. 

1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site 
testing. 
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PART 2 - PRODUCTS 

2.1 COPPER BUILDING WIRE 

A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying 
conductor with an overall insulation layer or jacket, or both, rated 600 V or less. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. Alpha Wire Company. 
2. American Bare Conductor. 
3. Belden Inc. 
4. Cerro Wire LLC. 
5. Encore Wire Corporation. 
6. General Cable Technologies Corporation. 
7. Okonite Company (The). 
8. Service Wire Co. 
9. Southwire Company. 
10. WESCO. 

C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and 
marked for intended location and use. 

2. RoHS compliant. 

3. Conductor and Cable Marking: Comply with wire and cable marking according to 
UL's "Wire and Cable Marking and Application Guide." 

D. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with 
ASTM B 8 for stranded conductors. 

E. Conductor Insulation: 

1. Type THHN and Type THWN-2: Comply with UL 83. 
2. Type THW and Type THW-2: Comply with NEMA WC-70/ICEA S-95-658 and UL 

83. 
3. Type XHHW-2: Comply with UL 44. 

2.2 CONNECTORS AND SPLICES 

A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, 
material, type, and class for application and service indicated; listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended location 
and use. 
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B. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. 3M Electrical Products. 
2. AFC Cable Systems; a part of Atkore International. 
3. Gardner Bender. 
4. Hubbell Power Systems, Inc. 
5. Ideal Industries, Inc. 
6. ILSCO. 
7. NSi Industries LLC. 
8. O-Z/Gedney; a brand of Emerson Industrial Automation. 
9. Service Wire Co. 
10. TE Connectivity Ltd. 
11. Thomas & Betts Corporation; A Member of the ABB Group. 

C. Lugs: One piece, seamless, designed to terminate conductors specified in this Section. 

1. Material:  Copper. 
2. Type:  Two hole with standard barrels. 
3. Termination:  Compression. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and 
larger. 

B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG 
and larger. 

C. PV Circuits:  Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and 
larger. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 
WIRING METHODS 

A. Service Entrance:  Type XHHW-2, single conductors in raceway. 

B. Exposed Feeders:  Type THHN/THWN-2, single conductors in raceway. 

C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  
Type THHN/THWN-2, single conductors in raceway. 

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  
Type THHN/THWN-2, single conductors in raceway. 
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E. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN/THWN-2, 
single conductors in raceway. MC cable is not allowed on this project. 

F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  
Type THHN/THWN-2, single conductors in raceway. 

G. Cord Drops and Portable Appliance Connections: Type SO, hard service cord with 
stainless-steel, wire-mesh, strain relief device at terminations to suit application. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 

B. Complete raceway installation between conductor and cable termination points 
according to Section 260533 "Raceways and Boxes for Electrical Systems" prior to 
pulling conductors and cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; 
compound used must not deteriorate conductor or insulation. Do not exceed 
manufacturer's recommended maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, 
that will not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural 
members, and follow surface contours where possible. 

F. Support cables according to Section 260529 "Hangers and Supports for Electrical 
Systems." 

G. Each branch circuit shall have an individual neutral conductor.  Increasing the neutral 
conductor size, or “super neutral,” is not allowed for multiple branch circuits. 

H. Feeders and branch circuits shall have a ground conductor. 

I. Install no more than 3 phase wires in any feeder or branch circuit conduit. 

J. Wire size on 120 Volt, 20 ampere branch circuit home run conductors over 75 feet in 
length (from closest wiring device at the home run designation to the associated 
panelboard shown on the electrical drawing sheets), shall be increased to No. 10 AWG 
(minimum) to limit excessive voltage drop. 

3.4 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published 
torque-tightening values. If manufacturer's torque values are not indicated, use those 
specified in UL 486A-486B. 
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B. Make splices, terminations, and taps that are compatible with conductor material and 
that possess equivalent or better mechanical strength and insulation ratings than 
unspliced conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inches of slack. 

3.5 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 260553 
"Identification for Electrical Systems." 

B. Identify each spare conductor at each end with identity number and location of other 
end of conductor, and identify as spare conductor. 

3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. 
Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical 
Raceways and Cabling." 

3.7 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to 
restore original fire-resistance rating of assembly according to Section 078413 
"Penetration Firestopping." 

3.8 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

1. After installing conductors and cables and before electrical circuitry has been 
energized, test service entrance and feeder conductors for compliance with 
requirements. 

2. Perform each of the following visual and electrical tests: 

a. Inspect exposed sections of conductor and cable for physical damage and 
correct connection according to the single-line diagram. 

b. Test bolted connections for high resistance using one of the following: 

1) A low-resistance ohmmeter. 
2) Calibrated torque wrench. 
3) Thermographic survey. 

c. Inspect compression-applied connectors for correct cable match and 
indentation. 

d. Inspect for correct identification. 
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e. Inspect cable jacket and condition. 
f. Insulation-resistance test on each conductor for ground and adjacent 

conductors. Apply a potential of 500-V dc for 300-V rated cable and 1000-
V dc for 600-V rated cable for a one-minute duration. 

g. Continuity test on each conductor and cable. 
h. Uniform resistance of parallel conductors. 

C. Cables will be considered defective if they do not pass tests and inspections. 

D. Prepare test and inspection reports to record the following: 

1. Procedures used. 
2. Results that comply with requirements. 
3. Results that do not comply with requirements, and corrective action taken to 

achieve compliance with requirements. 

END OF DOCUMENT 260519 
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DOCUMENT 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes grounding and bonding systems and equipment, plus the following 
special applications: 

1. Equipment Grounding Conductors. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

B. Comply with UL 467 for grounding and bonding materials and equipment. 

2.2 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Advanced Lightning Technology, Ltd. 
2. Burndy; Part of Hubbell Electrical Systems. 
3. Dossert; AFL Telecommunications LLC. 
4. ERICO; a brand of nVent. 
5. Fushi Copperweld Inc. 
6. Galvan Industries, Inc.; Electrical Products Division, LLC. 
7. Harger Lightning & Grounding. 
8. ILSCO. 
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9. O-Z/Gedney; a brand of Emerson Industrial Automation. 
10. Robbins Lightning, Inc. 
11. Siemens Industry, Inc., Energy Management Division. 
12. Thomas & Betts Corporation; A Member of the ABB Group. 

2.3 CONDUCTORS 

A. Insulated Conductors:  Copper or tinned-copper wire or cable insulated for 600 V 
unless otherwise required by applicable Code or authorities having jurisdiction. 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded 
conductors for No. 6 AWG and larger unless otherwise indicated. 

3.2 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

B. Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-
mounted electrical devices operating at 120 V and more, including air cleaners, 
heaters, dampers, humidifiers, and other duct electrical equipment. Bond conductor to 
each unit and to air duct and connected metallic piping. 

C. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated 
equipment grounding conductor to each electric water heater and heat-tracing cable. 
Bond conductor to heater units, piping, connected equipment, and components. 

D. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate 
insulated equipment grounding conductor in addition to grounding conductor installed 
with branch-circuit conductors. 

3.3 INSTALLATION 

A. Grounding Conductors: Route along shortest and straightest paths possible unless 
otherwise indicated or required by Code. Avoid obstructing access or placing 
conductors where they may be subjected to strain, impact, or damage. 

B. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors 
of associated fans, blowers, electric heaters, and air cleaners. Install tinned bonding 
jumper to bond across flexible duct connections to achieve continuity. 
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3.4 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have 
been energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 
electrical connections with a calibrated torque wrench according to 
manufacturer's written instructions. 

3. Test completed grounding system at each location where a maximum ground-
resistance level is specified, at service disconnect enclosure grounding 
terminal, at ground test wells, and at individual ground rods. Make tests at 
ground rods before any conductors are connected. 

a. Measure ground resistance no fewer than two full days after last trace of 
precipitation and without soil being moistened by any means other than 
natural drainage or seepage and without chemical treatment or other 
artificial means of reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 

4. Prepare dimensioned Drawings locating each test well, ground rod and ground-
rod assembly, and other grounding electrodes. Identify each by letter in 
alphabetical order, and key to the record of tests and observations. Include the 
number of rods driven and their depth at each location, and include observations 
of weather and other phenomena that may affect test results. Describe measures 
taken to improve test results. 

D. Grounding system will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

F. Report measured ground resistances that exceed the following values: 

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less:  
10 ohms. 

2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA:  5 
ohms. 

3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA:  3 
ohms. 

4. Power Distribution Units or Panelboards Serving Electronic Equipment:  1 
ohm(s). 

5. Substations and Pad-Mounted Equipment:  5 ohms. 
6. Manhole Grounds:  10 ohms. 

G. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify 
Architect promptly and include recommendations to reduce ground resistance. 
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END OF DOCUMENT 260526 
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DOCUMENT 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Steel slotted support systems. 
2. Conduit and cable support devices. 
3. Support for conductors in vertical conduit. 
4. Structural steel for fabricated supports and restraints. 
5. Mounting, anchoring, and attachment components, including powder-actuated 

fasteners, mechanical expansion anchors, concrete inserts, clamps, through 
bolts, toggle bolts, and hanger rods. 

6. Fabricated metal equipment support assemblies. 

B. Related Requirements: 

1. Section 260548.16 "Seismic Controls for Electrical Systems" for products and 
installation requirements necessary for compliance with seismic criteria. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes for the following: 

a. Slotted support systems, hardware, and accessories. 
b. Clamps. 
c. Hangers. 
d. Sockets. 
e. Eye nuts. 
f. Fasteners. 
g. Anchors. 
h. Saddles. 
i. Brackets. 

2. Include rated capacities and furnished specialties and accessories. 
  



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 

 

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 260529 - 2 

 

B. Shop Drawings: Signed and sealed by a qualified professional engineer. For fabrication 
and installation details for electrical hangers and support systems. 

1. Hangers. Include product data for components. 
2. Slotted support systems. 
3. Equipment supports. 
4. Vibration Isolation Base Details: Detail fabrication including anchorages and 

attachments to structure and to supported equipment. Include adjustable motor 
bases, rails, and frames for equipment mounting. 

C. Delegated-Design Submittal: For hangers and supports for electrical systems. 

1. Include design calculations and details of hangers. 

2. Include design calculations for seismic restraints. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale, on 
which the following items are shown and coordinated with each other, using input from 
installers of the items involved: 

1. Suspended ceiling components. 
2. Ductwork, piping, fittings, and supports. 
3. Structural members to which hangers and supports will be attached. 
4. Size and location of initial access modules for acoustical tile. 
5. Items penetrating finished ceiling, including the following: 

a. Luminaires. 
b. Air outlets and inlets. 
c. Speakers. 
d. Sprinklers. 
e. Access panels. 
f. Projectors. 

B. Seismic Qualification Data: Certificates, for hangers and supports for electrical 
equipment and systems, accessories, and components, from manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual 
test of assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and 
locate and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements. 

C. Welding certificates. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 

 

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 260529 - 3 

1.5 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in 
Section 014000 "Quality Requirements," to design hanger and support system. 

B. Seismic Performance: Hangers and supports shall withstand the effects of earthquake 
motions determined according to ASCE/SEI 7. 

1. The term "withstand" means "the supported equipment and systems will remain 
in place without separation of any parts when subjected to the seismic forces 
specified and the supported equipment and systems will be fully operational after 
the seismic event." 

2. Component Importance Factor:  1.5. 

2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems: Preformed steel channels and angles with minimum 
13/32-inch-diameter holes at a maximum of 8 inches o.c. in at least one surface. 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. Allied Tube & Conduit; a part of Atkore International. 
b. B-line, an Eaton business. 
c. CADDY; a brand of nVent. 
d. Flex-Strut Inc. 
e. Gripple Inc. 
f. GS Metals Corp. 
g. G-Strut. 
h. Haydon Corporation. 
i. Metal Ties Innovation. 
j. Thomas & Betts Corporation; A Member of the ABB Group. 
k. Unistrut; Part of Atkore International. 
l. Wesanco, Inc. 

2. Standard: Comply with MFMA-4 factory-fabricated components for field 
assembly. 

3. Material for Channel, Fittings, and Accessories:  Galvanized steel. 

4. Channel Width:  Selected for applicable load criteria. 
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5. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to 
MFMA-4. 

6. Painted Coatings: Manufacturer's standard painted coating applied according to 
MFMA-4. 

7. Protect finishes on exposed surfaces from damage by applying a strippable, 
temporary protective covering before shipping. 

B. Conduit and Cable Support Devices:  Steel hangers, clamps, and associated fittings, 
designed for types and sizes of raceway or cable to be supported. 

C. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of 
threaded body and insulating wedging plug or plugs for nonarmored electrical 
conductors or cables in riser conduits. Plugs shall have number, size, and shape of 
conductor gripping pieces as required to suit individual conductors or cables supported. 
Body shall be made of malleable iron. 

D. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel 
plates, shapes, and bars; black and galvanized. 

E. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items 
or their supports to building surfaces include the following: 

1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland 
cement concrete, steel, or wood, with tension, shear, and pullout capacities 
appropriate for supported loads and building materials where used. 

a. Manufacturers: Subject to compliance with requirements, provide products 
by one of the following: 

1) Hilti, Inc. 
2) ITW Ramset/Red Head; Illinois Tool Works, Inc. 
3) MKT Fastening, LLC. 
4) Simpson Strong-Tie Co., Inc. 

2. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel, for use in 
hardened portland cement concrete, with tension, shear, and pullout capacities 
appropriate for supported loads and building materials where used. 

a. Manufacturers: Subject to compliance with requirements, provide products 
by one of the following: 

1) B-line, an Eaton business. 
2) Empire Tool and Manufacturing Co., Inc. 
3) Hilti, Inc. 
4) ITW Ramset/Red Head; Illinois Tool Works, Inc. 
5) MKT Fastening, LLC. 

3. Concrete Inserts: Steel or malleable-iron, slotted support system units are similar 
to MSS Type 18 units and comply with MFMA-4 or MSS SP-58. 
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4. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are 
suitable for attached structural element. 

5. Through Bolts: Structural type, hex head, and high strength. Comply with 
ASTM F 3125/F 3125M,Grade A325. 

6. Toggle Bolts:  All-steel springhead type. 
7. Hanger Rods: Threaded steel. 

2.3 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description: Welded or bolted structural-steel shapes, shop or field fabricated to fit 
dimensions of supported equipment. 

B. Materials: Comply with requirements in Section 055000 "Metal Fabrications" for steel 
shapes and plates. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with the following standards for application and installation requirements of 
hangers and supports, except where requirements on Drawings or in this Section are 
stricter: 

1. NECA 1. 

2. NECA 101 

B. Comply with requirements in Section 078413 "Penetration Firestopping" for 
firestopping materials and installation for penetrations through fire-rated walls, ceilings, 
and assemblies. 

C. Comply with requirements for raceways and boxes specified in Section 260533 
"Raceways and Boxes for Electrical Systems." 

D. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space 
supports for EMT, IMC, and RMC as required by NFPA 70. Minimum rod size shall be 
1/4 inch in diameter. 

E. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted 
support system, sized so capacity can be increased by at least 25 percent in future 
without exceeding specified design load limits. 

1. Secure raceways and cables to these supports with single-bolt conduit clamps. 

F. Spring-steel clamps designed for supporting single conduits without bolts may be used 
for 1-1/2-inch and smaller raceways serving branch circuits and communication 
systems above suspended ceilings, and for fastening raceways to trapeze supports. 
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3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified 
in this article. 

B. Raceway Support Methods: In addition to methods described in NECA 1, EMT IMC 
and RMC may be supported by openings through structure members, according to 
NFPA 70. 

C. Strength of Support Assemblies: Where not indicated, select sizes of components so 
strength will be adequate to carry present and future static loads within specified 
loading limits. Minimum static design load used for strength determination shall be 
weight of supported components plus 200 lb. 

D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor 
and fasten electrical items and their supports to building structural elements by the 
following methods unless otherwise indicated by code: 

1. To Wood: Fasten with lag screws or through bolts. 
2. To New Concrete: Bolt to concrete inserts. 
3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion 

anchor fasteners on solid masonry units. 
4. To Existing Concrete: Expansion anchor fasteners. 

5. Instead of expansion anchors, powder-actuated driven threaded studs provided 
with lock washers and nuts may be used in existing standard-weight concrete 4 
inches thick or greater. Do not use for anchorage to lightweight-aggregate 
concrete or for slabs less than 4 inches thick. 

6. To Steel:  Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with 
MSS SP-69. 

7. To Light Steel: Sheet metal screws. 
8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount 

cabinets, panelboards, disconnect switches, control enclosures, pull and junction 
boxes, transformers, and other devices on slotted-channel racks attached to 
substrate by means that comply with seismic-restraint strength and anchorage 
requirements. 

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid the 
need for reinforcing bars. 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Comply with installation requirements in Section 055000 "Metal Fabrications" for site-
fabricated metal supports. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and 
elevation to support and anchor electrical materials and equipment. 

C. Field Welding: Comply with AWS D1.1/D1.1M. 
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3.4 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in 
both directions than supported unit, and so anchors will be a minimum of 10 bolt 
diameters from edge of the base. 

B. Use 3000-psi, 28-day compressive-strength concrete. Concrete materials, 
reinforcement, and placement requirements are specified in Section 033000 "Cast-in-
Place Concrete." 

C. Anchor equipment to concrete base as follows: 

1. Place and secure anchorage devices. Use supported equipment manufacturer's 
setting drawings, templates, diagrams, instructions, and directions furnished with 
items to be embedded. 

2. Install anchor bolts to elevations required for proper attachment to supported 
equipment. 

3. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

3.5 PAINTING 

A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas 
immediately after erecting hangers and supports. Use same materials as used for shop 
painting. Comply with SSPC-PA 1 requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils. 

B. Touchup: Comply with requirements in Section 099113 "Exterior Painting" and 
Section 099123 "Interior Painting" for cleaning and touchup painting of field welds, 
bolted connections, and abraded areas of shop paint on miscellaneous metal. 

C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A 780. 

END OF DOCUMENT 260529 
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DOCUMENT 260533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits and fittings. 
2. Metal wireways and auxiliary gutters. 
3. Boxes, enclosures, and cabinets. 

B. Related Requirements: 

1. Section 078413 "Penetration Firestopping" for firestopping at conduit and box 
entrances. 

1.3 DEFINITIONS 

A. ARC: Aluminum rigid conduit. 

B. GRC: Galvanized rigid steel conduit. 

C. IMC: Intermediate metal conduit. 

1.4 ACTION SUBMITTALS 

A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Conduit routing plans, drawn to scale, on which the following 
items are shown and coordinated with each other, using input from installers of items 
involved: 

1. Structural members in paths of conduit groups with common supports. 
2. HVAC and plumbing items and architectural features in paths of conduit groups 

with common supports. 
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B. Qualification Data: For professional engineer. 

C. Seismic Qualification Data: Certificates, for enclosures, cabinets, and conduit racks 
and their mounting provisions, including those for internal components, from 
manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual 
test of assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and 
locate and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements. 

4. Detailed description of conduit support devices and interconnections on which 
the certification is based and their installation requirements. 

D. Source quality-control reports. 

PART 2 - PRODUCTS 

2.1 METAL CONDUITS AND FITTINGS 

A. Metal Conduit: 

1. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

a. AFC Cable Systems; a part of Atkore International. 
b. Allied Tube & Conduit; a part of Atkore International. 
c. Anamet Electrical, Inc. 
d. Electri-Flex Company. 
e. O-Z/Gedney; a brand of Emerson Industrial Automation. 
f. Picoma Industries, Inc. 
g. Republic Conduit. 
h. Southwire Company. 
i. Thomas & Betts Corporation; A Member of the ABB Group. 
j. Western Tube and Conduit Corporation. 
k. Wheatland Tube Company. 

2. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified 
testing agency, and marked for intended location and application. 

3. GRC: Comply with ANSI C80.1 and UL 6. 

4. ARC: Comply with ANSI C80.5 and UL 6A. 
5. IMC: Comply with ANSI C80.6 and UL 1242. 
6. PVC-Coated Steel Conduit: PVC-coated rigid steel conduit. 

a. Comply with NEMA RN 1. 
b. Coating Thickness: 0.040 inch, minimum. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 

 

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 260533 - 3 

7. EMT: Comply with ANSI C80.3 and UL 797. 

8. FMC: Comply with UL 1; zinc-coated steel. 
9. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360. 
10. Color Coding: All conduit shall be provided with factory applied colors to match 

MUSC/MUHA standard: 

a. Blue: BAS Low Voltage Controls 
b. Red: Fire Alarm Conduit 
c. Orange: Critical Branch 
d. Yellow: Life Safety Branch 
e. Green: Equipment Branch 
f. White: Nurse Call Systems 
g. Brown: Telecommunications and other Low Voltage Systems 
h. Normal Power conduits shall not used colored conduit 

B. Metal Fittings: 

1. Comply with NEMA FB 1 and UL 514B. 
2. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 
3. Fittings, General: Listed and labeled for type of conduit, location, and use. 

4. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 1203 and 
NFPA 70. 

5. Fittings for EMT: 

a. Material:  Steel. 
b. Type:  Compression. 

6. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, 
rated for environmental conditions where installed, and including flexible external 
bonding jumper. 

7. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch, 
with overlapping sleeves protecting threaded joints. 

C. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by 
authorities having jurisdiction for use in conduit assemblies, and compounded for use 
to lubricate and protect threaded conduit joints from corrosion and to enhance their 
conductivity. 

2.2 METAL WIREWAYS AND AUXILIARY GUTTERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. B-line, an Eaton business. 
2. Hoffman; a brand of nVent. 
3. MonoSystems, Inc. 
4. Square D. 
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B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 unless 
otherwise indicated, and sized according to NFPA 70. 

1. Metal wireways installed outdoors shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, 
adapters, hold-down straps, end caps, and other fittings to match and mate with 
wireways as required for complete system. 

D. Wireway Covers:  Screw-cover type unless otherwise indicated. 

E. Finish: Manufacturer's standard enamel finish. 

2.3 BOXES, ENCLOSURES, AND CABINETS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Adalet. 
2. Crouse-Hinds, an Eaton business. 
3. EGS/Appleton Electric. 
4. Erickson Electrical Equipment Company. 
5. FSR Inc. 
6. Hoffman; a brand of nVent. 
7. Hubbell Incorporated. 
8. Hubbell Incorporated; Wiring Device-Kellems. 
9. Kraloy. 
10. Milbank Manufacturing Co. 
11. MonoSystems, Inc. 
12. O-Z/Gedney; a brand of Emerson Industrial Automation. 
13. RACO; Hubbell. 
14. Spring City Electrical Manufacturing Company. 
15. Stahlin Non-Metallic Enclosures. 
16. Thomas & Betts Corporation; A Member of the ABB Group. 
17. Wiremold / Legrand. 

B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and 
cabinets installed in wet locations shall be listed for use in wet locations. 

C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A. 

D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD, 
with gasketed cover. 

E. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C. 

F. Metal Floor Boxes: 
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1. Material:  Cast metal. 
2. Type:  Fully adjustable. 
3. Shape: Rectangular. 
4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in 

NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

G. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 
50 lb. Outlet boxes designed for attachment of luminaires weighing more than 50 lb 
shall be listed and marked for the maximum allowable weight. 

H. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

I. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, 
galvanized, cast iron with gasketed cover. 

J. Box extensions used to accommodate new building finishes shall be of same material 
as recessed box. 

K. Device Box Dimensions:  4 inches square by 2-1/8 inches deep. 

L. Gangable boxes are prohibited. 

M. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 with continuous-
hinge cover with flush latch unless otherwise indicated. 

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard 
enamel. 

2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel. 

N. Cabinets: 

1. NEMA 250, Type 1 galvanized-steel box with removable interior panel and 
removable front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 
6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a 

qualified testing agency, and marked for intended location and application. 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed Conduit:  GRC. 
2. Concealed Conduit, Aboveground:  GRC. 
3. Underground Conduit: RNC, Type EPC-40-PVC. 
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4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, 
Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  LFMC. 

5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R. 

B. Indoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage:  EMT. 
2. Exposed, Not Subject to Severe Physical Damage:  EMT. 
3. Exposed and Subject to Severe Physical Damage:  GRC. Raceway locations 

include the following: 

a. Mechanical rooms. 

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, 

Pneumatic, Electric Solenoid, or Motor-Driven Equipment): FMC, except use 
LFMC in damp or wet locations. 

6. Damp or Wet Locations:  GRC. 
7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 

stainless steel in institutional and commercial kitchens and damp or wet 
locations. 

C. Minimum Raceway Size:  3/4-inch trade size. 

D. Raceway Fittings: Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings 
unless otherwise indicated. Comply with NEMA FB 2.10. 

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with 
this type of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating 
after installing conduits and fittings. Use sealant recommended by fitting 
manufacturer and apply in thickness and number of coats recommended by 
manufacturer. 

3. EMT: Use compression, steel fittings. Comply with NEMA FB 2.10. 
4. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with 

NEMA FB 2.20. 

E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth. 

F. Install surface raceways only where indicated on Drawings. 

3.2 INSTALLATION 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 
Systems" for hangers and supports. 

B. Comply with NECA 1 and NECA 101 for installation requirements except where 
requirements on Drawings or in this article are stricter. Comply with NECA 102 for 
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aluminum conduits. Comply with NFPA 70 limitations for types of raceways allowed in 
specific occupancies and number of floors. 

C. Do not install raceways or electrical items on any "explosion-relief" walls or rotating 
equipment. 

D. Do not fasten conduits onto the bottom side of a metal deck roof. 

E. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-
water pipes. Install horizontal raceway runs above water and steam piping. 

F. Complete raceway installation before starting conductor installation. 

G. Arrange stub-ups so curved portions of bends are not visible above finished slab. 

H. Install no more than the equivalent of three 90-degree bends in any conduit run except 
for control wiring conduits, for which fewer bends are allowed. Support within 12 inches 
of changes in direction. 

I. Make bends in raceway using large-radius preformed ells. Field bending shall be 
according to NFPA 70 minimum radii requirements. Use only equipment specifically 
designed for material and size involved. 

J. Conceal conduit within finished walls, ceilings, and floors unless otherwise indicated. 
Install conduits parallel or perpendicular to building lines. 

K. Support conduit within 12 inches of enclosures to which attached. 

L. Stub-Ups to Above Recessed Ceilings: 

1. Use EMT, IMC, or RMC for raceways. 
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in 

hubs or in an enclosure. 

M. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: 
Apply listed compound to threads of raceway and fittings before making up joints. 
Follow compound manufacturer's written instructions. 

N. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive 
compound prior to assembly. 

O. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating 
bushings to protect conductors including conductors smaller than No. 4 AWG. 

P. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside 
of boxes or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and 
insulated throat metal bushings on 1-1/2-inch trade size and larger conduits terminated 
with locknuts. Install insulated throat metal grounding bushings on service conduits. 

Q. Install raceways square to the enclosure and terminate at enclosures with locknuts. 
Install locknuts hand tight plus 1/4 turn more. 
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R. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove 
coatings in the locknut area prior to assembling conduit to enclosure to assure a 
continuous ground path. 

S. Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, use 
roll cutter or a guide to make cut straight and perpendicular to the length. 

T. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line 
with not less than 200-lb tensile strength. Leave at least 12 inches of slack at each end 
of pull wire. Cap underground raceways designated as spare above grade alongside 
raceways in use. 

U. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill 
them with listed sealing compound. For concealed raceways, install each fitting in a 
flush steel box with a blank cover plate having a finish similar to that of adjacent plates 
or surfaces. Install raceway sealing fittings according to NFPA 70. 

V. Install devices to seal raceway interiors at accessible locations. Locate seals so no 
fittings or boxes are between the seal and the following changes of environments. Seal 
the interior of all raceways at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of 
refrigerated spaces. 

2. Where an underground service raceway enters a building or structure. 
3. Conduit extending from interior to exterior of building. 
4. Conduit extending into pressurized duct and equipment. 
5. Conduit extending into pressurized zones that are automatically controlled to 

maintain different pressure set points. 
6. Where otherwise required by NFPA 70. 

W. Expansion-Joint Fittings: 

1. Install in each run of aboveground RNC that is located where environmental 
temperature change may exceed 30 deg F and that has straight-run length that 
exceeds 25 feet. Install in each run of aboveground RMC and EMT conduit that 
is located where environmental temperature change may exceed 100 deg F and 
that has straight-run length that exceeds 100 feet. 

2. Install type and quantity of fittings that accommodate temperature change listed 
for each of the following locations: 

a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F temperature 
change. 

b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F temperature 
change. 

c. Indoor Spaces Connected with Outdoors without Physical Separation:  125 
deg F temperature change. 

d. Attics:  135 deg F temperature change. 

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch 
per foot of length of straight run per deg F of temperature change for PVC 
conduits. Install fitting(s) that provide expansion and contraction for at least 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 

 

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 260533 - 9 

0.000078 inch per foot of length of straight run per deg F of temperature change 
for metal conduits. 

4. Install expansion fittings at all locations where conduits cross building or structure 
expansion joints. 

5. Install each expansion-joint fitting with position, mounting, and piston setting 
selected according to manufacturer's written instructions for conditions at specific 
location at time of installation. Install conduit supports to allow for expansion 
movement. 

X. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches 
of flexible conduit for recessed and semirecessed luminaires,  equipment subject to 
vibration, noise transmission, or movement; and for transformers and motors. 

1. Use LFMC in damp or wet locations subject to severe physical damage. 
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical 

damage. 

Y. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not 
individually indicated, give priority to ADA requirements. Install boxes with height 
measured to top of box unless otherwise indicated. 

Z. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of 
masonry block, and install box flush with surface of wall. Prepare block surfaces to 
provide a flat surface for a raintight connection between box and cover plate or 
supported equipment and box. 

AA. Horizontally separate boxes mounted on opposite sides of walls so they are not in the 
same vertical channel. 

BB. Locate boxes so that cover or plate will not span different building finishes. 

CC. Support boxes of three gangs or more from more than one side by spanning two 
framing members or mounting on brackets specifically designed for the purpose. 

DD. Fasten junction and pull boxes to or support from building structure. Do not support 
boxes by conduits. 

EE. Set metal floor boxes level and flush with finished floor surface. 

3.3 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. 
Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical 
Raceways and Cabling." 

3.4 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with 
requirements in Section 078413 "Penetration Firestopping." 
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3.5 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 

2. Repair damage to PVC coatings or paint finishes with matching touchup coating 
recommended by manufacturer. 

END OF DOCUMENT 260533 
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DOCUMENT 260548 - SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Restraint channel bracings. 
2. Restraint cables. 
3. Seismic-restraint accessories. 
4. Mechanical anchor bolts. 
5. Adhesive anchor bolts. 

B. Related Requirements: 

1. Section 260529 "Hangers and Supports for Electrical Systems" for commonly 
used electrical supports and installation requirements. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Illustrate and indicate style, material, strength, fastening provision, and finish for 
each type and size of seismic-restraint component used. 

a. Tabulate types and sizes of seismic restraints, complete with report 
numbers and rated strength in tension and shear as evaluated by an 
evaluation service member of ICC-ES. 

b. Annotate to indicate application of each product submitted and compliance 
with requirements. 

B. Delegated-Design Submittal: For each seismic-restraint device. 

1. Include design calculations and details for selecting seismic restraints complying 
with performance requirements, design criteria, and analysis data signed and 
sealed by the qualified professional engineer responsible for their preparation. 

2. Design Calculations: Calculate static and dynamic loading caused by equipment 
weight, operation, and seismic and wind forces required to select seismic and 
wind restraints and for designing vibration isolation bases. 
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a. Coordinate design calculations with wind load calculations required for 
equipment mounted outdoors. Comply with requirements in other Sections 
for equipment mounted outdoors. 

3. Seismic- and Wind-Restraint Details: 

a. Design Analysis: To support selection and arrangement of seismic and 
wind restraints. Include calculations of combined tensile and shear loads. 

b. Details: Indicate fabrication and arrangement. Detail attachments of 
restraints to the restrained items and to the structure. Show attachment 
locations, methods, and spacings. Identify components, list their strengths, 
and indicate directions and values of forces transmitted to the structure 
during seismic events. Indicate association with vibration isolation devices. 

c. Coordinate seismic-restraint and vibration isolation details with wind-
restraint details required for equipment mounted outdoors. Comply with 
requirements in other Sections for equipment mounted outdoors. 

d. Preapproval and Evaluation Documentation: By an evaluation service 
member of ICC-ES, showing maximum ratings of restraint items and the 
basis for approval (tests or calculations). 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Show coordination of seismic bracing for electrical components 
with other systems and equipment in the vicinity, including other supports and seismic 
restraints.  

B. Qualification Data: For professional engineer. 

C. Welding certificates. 

D. Field quality-control reports. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications: An independent agency, with the experience and 
capability to conduct the testing indicated and that is acceptable to authorities having 
jurisdiction. 

B. Comply with seismic-restraint requirements in the IBC unless requirements in this 
Section are more stringent. 

C. Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

D. Seismic-restraint devices shall have horizontal and vertical load testing and analysis. 
They shall bear anchorage preapproval from OSHPD in addition to preapproval, 
showing maximum seismic-restraint ratings, by ICC-ES or another agency acceptable 
to authorities having jurisdiction. Ratings based on independent testing are preferred to 
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ratings based on calculations. If preapproved ratings are not available, submittals 
based on independent testing are preferred. Calculations (including combining shear 
and tensile loads) that support seismic-restraint designs must be signed and sealed by 
a qualified professional engineer. 

E. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Wind-Restraint Loading: 

1. Basic Wind Speed: See structural drawings. 
2. Building Classification Category: See structural drawings. 
3. Minimum 10 lb/sq. ft. multiplied by maximum area of component projected on 

vertical plane normal to wind direction and 45 degrees either side of normal. 

B. Seismic-Restraint Loading: 

1. Site Class as Defined in the IBC: See structural drawings. 

2. Assigned Seismic Use Group or Building Category as Defined in the IBC: See 
structural drawings. 

a. Component Importance Factor:  1.5. 
b. Component Response Modification Factor: See structural drawings 
c. Component Amplification Factor: See structural drawings 

3. Design Spectral Response Acceleration at Short Periods (0.2 Second): See 
structural drawings. 

4. Design Spectral Response Acceleration at 1.0-Second Period: See structural 
drawings. 

2.2 RESTRAINT CHANNEL BRACINGS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. B-line, an Eaton business. 
2. Hilti, Inc. 
3. Mason Industries, Inc. 
4. Unistrut; Part of Atkore International. 

B. Description: MFMA-4, shop- or field-fabricated bracing assembly made of slotted steel 
channels with accessories for attachment to braced component at one end and to 
building structure at the other end, with other matching components, and with 
corrosion-resistant coating; rated in tension, compression, and torsion forces. 
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2.3 RESTRAINT CABLES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. CADDY; a brand of nVent. 
2. Gripple Inc. 
3. Kinetics Noise Control, Inc. 
4. Vibration Mountings & Controls, Inc. 

B. Restraint Cables:  ASTM A 603 galvanized-steel cables. End connections made of 
steel assemblies with thimbles, brackets, swivel, and bolts designed for restraining 
cable service; with a minimum of two clamping bolts for cable engagement. 

2.4 SEISMIC-RESTRAINT ACCESSORIES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. B-line, an Eaton business. 
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc. 
4. TOLCO; a brand of NIBCO INC. 

B. Hanger-Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with internally 
bolted connections to hanger rod. 

C. Hinged and Swivel Brace Attachments: Multifunctional steel connectors for attaching 
hangers to rigid channel bracings and restraint cables. 

D. Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed for 
rigid equipment mountings and matched to type and size of anchor bolts and studs. 

E. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene 
elements and steel sleeves designed for rigid equipment mountings and matched to 
type and size of attachment devices used. 

F. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant 
neoprene, with a flat washer face. 

2.5 MECHANICAL ANCHOR BOLTS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. B-line, an Eaton business. 
2. Hilti, Inc. 
3. Kinetics Noise Control, Inc. 
4. Mason Industries, Inc. 
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B. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in zinc-
coated steel for interior applications and stainless steel for exterior applications. Select 
anchor bolts with strength required for anchor and as tested according to ASTM E 488. 

2.6 ADHESIVE ANCHOR BOLTS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Hilti, Inc. 
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc. 

B. Adhesive Anchor Bolts: Drilled-in and capsule anchor system containing PVC or 
urethane methacrylate-based resin and accelerator, or injected polymer or hybrid 
mortar adhesive. Provide anchor bolts and hardware with zinc-coated steel for interior 
applications and stainless steel for exterior applications. Select anchor bolts with 
strength required for anchor and as tested according to ASTM E 488. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and equipment to receive seismic-control devices for compliance with 
requirements for installation tolerances and other conditions affecting performance of 
the Work. 

B. Examine roughing-in for reinforcement and cast-in-place anchors to verify actual 
locations before installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 APPLICATIONS 

A. Multiple Raceways or Cables: Secure raceways and cables to trapeze member with 
clamps approved for application by an evaluation service member of ICC-ES. 

B. Hanger-Rod Stiffeners: Install hanger-rod stiffeners where indicated or scheduled on 
Drawings to receive them and where required to prevent buckling of hanger rods 
caused by seismic forces. 

C. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select 
sizes of components so strength will be adequate to carry present and future static and 
seismic loads within specified loading limits. 
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3.3 SEISMIC-RESTRAINT DEVICE INSTALLATION 

A. Coordinate the location of embedded connection hardware with supported equipment 
attachment and mounting points and with requirements for concrete reinforcement and 
formwork specified in Section 033000 "Cast-in-Place Concrete." 

B. Equipment and Hanger Restraints: 

1. Install resilient, bolt-isolation washers on equipment anchor bolts where 
clearance between anchor and adjacent surface exceeds 0.125 inch. 

2. Install seismic-restraint devices using methods approved by an evaluation 
service member of ICC-ES providing required submittals for component. 

C. Install cables so they do not bend across edges of adjacent equipment or building 
structure. 

D. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to 
provide resilient media where equipment or equipment-mounting channels are 
attached to wall. 

E. Attachment to Structure: If specific attachment is not indicated, anchor bracing to 
structure at flanges of beams, at upper truss chords of bar joists, or at concrete 
members. 

F. Drilled-in Anchors: 

1. Identify position of reinforcing steel and other embedded items prior to drilling 
holes for anchors. Do not damage existing reinforcing or embedded items during 
coring or drilling. Notify the structural engineer if reinforcing steel or other 
embedded items are encountered during drilling. Locate and avoid prestressed 
tendons, electrical and telecommunications conduit, and gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has 
achieved full design strength. 

3. Wedge Anchors: Protect threads from damage during anchor installation. Heavy-
duty sleeve anchors shall be installed with sleeve fully engaged in the structural 
element to which anchor is to be fastened. 

4. Adhesive Anchors: Clean holes to remove loose material and drilling dust prior to 
installation of adhesive. Place adhesive in holes proceeding from the bottom of 
the hole and progressing toward the surface in such a manner as to avoid 
introduction of air pockets in the adhesive. 

5. Set anchors to manufacturer's recommended torque using a torque wrench. 
6. Install zinc-coated steel anchors for interior and stainless-steel anchors for 

exterior applications. 

3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 

A. Install flexible connections in runs of raceways, cables, wireways, cable trays, and 
busways where they cross seismic joints, where adjacent sections or branches are 
supported by different structural elements, and where connection is terminated to 
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equipment that is anchored to a different structural element from the one supporting 
them as they approach equipment. 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Perform the following tests and inspections: 

1. Provide evidence of recent calibration of test equipment by a testing agency 
acceptable to authorities having jurisdiction. 

2. Schedule test with Owner, through Architect, before connecting anchorage 
device to restrained component (unless postconnection testing has been 
approved), and with at least seven days' advance notice. 

3. Obtain Architect's approval before transmitting test loads to structure. Provide 
temporary load-spreading members. 

4. Test at least four of each type and size of installed anchors and fasteners 
selected by Architect. 

5. Test to 90 percent of rated proof load of device. 

C. Seismic controls will be considered defective if they do not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.6 ADJUSTING 

A. Adjust restraints to permit free movement of equipment within normal mode of 
operation. 

END OF DOCUMENT 260548 
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DOCUMENT 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Color and legend requirements for raceways, conductors, and warning labels and 
signs. 

2. Labels. 
3. Tapes and stencils. 
4. Signs. 
5. Cable ties. 
6. Paint for identification. 
7. Fasteners for labels and signs. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes for electrical identification products. 

B. Samples: For each type of label and sign to illustrate composition, size, colors, lettering 
style, mounting provisions, and graphic features of identification products. 

C. Identification Schedule: For each piece of electrical equipment and electrical system 
components to be an index of nomenclature for electrical equipment and system 
components used in identification signs and labels. Use same designations indicated 
on Drawings. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with NFPA 70. 

B. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 
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C. Comply with ANSI Z535.4 for safety signs and labels. 

D. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and 
inks used by label printers, shall comply with UL 969. 

2.2 COLOR AND LEGEND REQUIREMENTS 

A. Raceways and Cables Carrying Circuits at 600 V or Less:  

1. Black letters on an orange field. 
2. Legend: Indicate voltage and system or service type. 

B. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors 
listed below for ungrounded service, feeder, and branch-circuit conductors. 

1. Color shall be factory applied or field applied for sizes larger than No. 8 AWG if 
authorities having jurisdiction permit. 

2. Colors for 208/120-V Circuits: 

a. Phase A: Black. 
b. Phase B: Red. 
c. Phase C: Blue. 

3. Colors for 480/277-V Circuits: 

a. Phase A: Brown. 
b. Phase B: Orange. 
c. Phase C: Yellow. 

4. Color for Neutral:  White. 
5. Color for Equipment Grounds:  Green. 
6. Colors for Isolated Grounds: Green with white stripe. 

C. Warning Label Colors: 

1. Identify system voltage with black letters on an orange background. 

D. Warning labels and signs shall include, but are not limited to, the following legends: 

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - 
EQUIPMENT HAS MULTIPLE POWER SOURCES." 

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN 
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 
INCHES." 

E. Equipment Identification Labels: 

1. Black letters on a white field. 
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2.3 LABELS 

A. Vinyl Wraparound Labels: Preprinted, flexible labels laminated with a clear, weather- 
and chemical-resistant coating and matching wraparound clear adhesive tape for 
securing label ends. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. HellermannTyton. 
c. Marking Services, Inc. 
d. Panduit Corp. 
e. Seton Identification Products. 

B. Snap-around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic 
sleeves, with diameters sized to suit diameters and that stay in place by gripping 
action. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. HellermannTyton. 
c. Marking Services, Inc. 
d. Panduit Corp. 
e. Seton Identification Products. 

C. Self-Adhesive Wraparound Labels:  Preprinted, 3-mil-thick, vinyl flexible label with 
acrylic pressure-sensitive adhesive. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. Marking Services, Inc. 
c. Panduit Corp. 
d. Seton Identification Products. 

2. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating, 
protective shield over the legend. Labels sized such that the clear shield overlaps 
the entire printed legend. 

3. Marker for Labels: Machine-printed, permanent, waterproof, black ink 
recommended by printer manufacturer. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 

 

IDENTIFICATION FOR ELECTRICALSYSTEMS 260553 - 4 

D. Self-Adhesive Labels:  Vinyl, thermal, transfer-printed, 3-mil-thick, multicolor, weather- 
and UV-resistant, pressure-sensitive adhesive labels, configured for intended use and 
location. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. HellermannTyton. 
c. Marking Services, Inc. 
d. Panduit Corp. 
e. Seton Identification Products. 

2. Minimum Nominal Size: 

a. 1-1/2 by 6 inches for raceway and conductors. 
b. 3-1/2 by 5 inches for equipment. 
c. As required by authorities having jurisdiction. 

2.4 TAPES AND STENCILS 

A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit 
identification legend machine printed by thermal transfer or equivalent process. 

B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less 
than 3 mils thick by 1 to 2 inches wide; compounded for outdoor use. 

C. Floor Marking Tape: 2-inch-wide, 5-mil pressure-sensitive vinyl tape, with black and 
white stripes and clear vinyl overlay. 

D. Underground-Line Warning Tape: 

1. Tape: 

a. Recommended by manufacturer for the method of installation and suitable 
to identify and locate underground electrical and communications utility 
lines. 

b. Printing on tape shall be permanent and shall not be damaged by burial 
operations. 

c. Tape material and ink shall be chemically inert and not subject to 
degradation when exposed to acids, alkalis, and other destructive 
substances commonly found in soils. 

2. Color and Printing: 

a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z535.4, and 
ANSI Z535.5. 
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b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE, HIGH VOLTAGE" 
Inscriptions for Orange-Colored Tapes: "TELEPHONE CABLE, CATV 
CABLE, COMMUNICATIONS CABLE, OPTICAL FIBER CABLE" 

2.5 SIGNS 

A. Laminated Acrylic or Melamine Plastic Signs: 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. emedco. 
d. Marking Services, Inc. 

2. Engraved legend. 
3. Thickness: 

a. For signs up to 20 sq. in., minimum 1/16 inch thick. 
b. For signs larger than 20 sq. in., 1/8 inch thick. 

c. Engraved legend with white letters on a dark gray background. 
d.  Self-adhesive. 
e. Framed with mitered acrylic molding and arranged for attachment at 

applicable equipment. 

2.6 CABLE TIES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

1. HellermannTyton. 
2. Ideal Industries, Inc. 
3. Marking Services, Inc. 
4. Panduit Corp. 

B. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, 
and Type 6/6 nylon. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 Deg F according to ASTM D 638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black, except where used for color-coding. 

C. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior 
sunlight, self-extinguishing, one piece, self-locking, and Type 6/6 nylon. 
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1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 Deg F according to ASTM D 638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black. 

D. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-
locking. 

1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 Deg F according to ASTM D 638: 7000 psi. 
3. UL 94 Flame Rating: 94V-0. 
4. Temperature Range: Minus 50 to plus 284 deg F. 
5. Color: Black. 

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and application 
requirements. Retain paint system applicable for surface material and location (exterior 
or interior). 

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel 
machine screws with nuts and flat and lock washers. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Self-Adhesive Identification Products: Before applying electrical identification products, 
clean substrates of substances that could impair bond, using materials and methods 
recommended by manufacturer of identification product. 

3.2 INSTALLATION 

A. Verify and coordinate identification names, abbreviations, colors, and other features 
with requirements in other Sections requiring identification applications, Drawings, 
Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance 
manual. Use consistent designations throughout Project. 

B. Install identifying devices before installing acoustical ceilings and similar concealment. 

C. Verify identity of each item before installing identification products. 

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and 
operation and maintenance manual. 

E. Apply identification devices to surfaces that require finish after completing finish work. 
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F. Install signs with approved legend to facilitate proper identification, operation, and 
maintenance of electrical systems and connected items. 

G. System Identification for Raceways and Cables under 600 V: Identification shall 
completely encircle cable or conduit. Place identification of two-color markings in 
contact, side by side. 

1. Secure tight to surface of conductor, cable, or raceway. 

H. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, 
control, and signal connections. 

I. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate 
for viewing from the floor. 

J. Vinyl Wraparound Labels: 

1. Secure tight to surface of raceway or cable at a location with high visibility and 
accessibility. 

2. Attach labels that are not self-adhesive type with clear vinyl tape, with adhesive 
appropriate to the location and substrate. 

K. Snap-around Labels: Secure tight to surface at a location with high visibility and 
accessibility. 

L. Self-Adhesive Wraparound Labels: Secure tight to surface at a location with high 
visibility and accessibility. 

M. Self-Adhesive Labels: 

1. On each item, install unique designation label that is consistent with wiring 
diagrams, schedules, and operation and maintenance manual. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters 
on 1-1/2-inch-high label; where two lines of text are required, use labels 2 inches 
high. 

N. Marker Tapes: Secure tight to surface at a location with high visibility and accessibility. 

O. Self-Adhesive Vinyl Tape: Secure tight to surface at a location with high visibility and 
accessibility. 

1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a 
minimum distance of 6 inches where splices or taps are made. Apply last two 
turns of tape with no tension to prevent possible unwinding. 

P. Tape and Stencil: Comply with requirements in painting Sections for surface 
preparation and paint application. 

Q. Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's written 
instructions. 

R. Underground Line Warning Tape: 
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1. During backfilling of trenches, install continuous underground-line warning tape 
directly above cable or raceway at 6 to 8 inches below finished grade. Use 
multiple tapes where width of multiple lines installed in a common trench or 
concrete envelope exceeds 16 inches overall. 

2. Install underground-line warning tape for direct-buried cables and cables in 
raceways. 

S. Baked-Enamel Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners 
appropriate to the location and substrate. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters 
on minimum 1-1/2-inch-high sign; where two lines of text are required, use signs 
minimum 2 inches high. 

T. Metal-Backed Butyrate Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners 
appropriate to the location and substrate. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters 
on 1-1/2-inch-high sign; where two lines of text are required, use labels 2 inches 
high. 

U. Laminated Acrylic or Melamine Plastic Signs: 

1. Attach signs that are not self-adhesive type with mechanical fasteners 
appropriate to the location and substrate. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters 
on 1-1/2-inch-high sign; where two lines of text are required, use labels 2 inches 
high. 

V. Cable Ties: General purpose, for attaching tags, except as listed below: 

1. Outdoors: UV-stabilized nylon. 
2. In Spaces Handling Environmental Air: Plenum rated. 

3.3 IDENTIFICATION SCHEDULE 

A. Install identification materials and devices at locations for most convenient viewing 
without interference with operation and maintenance of equipment. Install access doors 
or panels to provide view of identifying devices. 

B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull 
points, and locations of high visibility. Identify by system and circuit designation. 

C. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and 
Branch Circuits, More Than 30 A and 120 V to Ground: Identify with self-adhesive 
raceway labels. 
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1. Locate identification at changes in direction, at penetrations of walls and floors, at 
50-foot maximum intervals in straight runs, and at 25-foot maximum intervals in 
congested areas. 

D. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull 
and junction boxes, manholes, and handholes, use self-adhesive vinyl tape to identify 
the phase. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 
50-foot maximum intervals in straight runs, and at 25-foot maximum intervals in 
congested areas. 

E. Conductors to Be Extended in the Future: Attach marker tape to conductors and list 
source. 

F. Auxiliary Electrical Systems Conductor Identification:  Self-adhesive vinyl tape that is 
uniform and consistent with system used by manufacturer for factory-installed 
connections. 

1. Identify conductors, cables, and terminals in enclosures and at junctions, 
terminals, and pull points. Identify by system and circuit designation. 

G. Locations of Underground Lines: Underground-line warning tape for power, lighting, 
communication, and control wiring and optical-fiber cable. 

H. Workspace Indication: Apply floor marking tape to finished surfaces. Show working 
clearances in the direction of access to live parts. Workspace shall comply with 
NFPA 70 and 29 CFR 1926.403 unless otherwise indicated. Do not install at flush-
mounted panelboards and similar equipment in finished spaces. 

I. Instructional Signs: Self-adhesive labels, including the color code for grounded and 
ungrounded conductors. 

J. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  
Self-adhesive labels. 

1. Apply to exterior of door, cover, or other access. 
2. For equipment with multiple power or control sources, apply to door or cover of 

equipment, including, but not limited to, the following: 

a. Controls with external control power connections. 

K. Operating Instruction Signs:  Self-adhesive labels. 

L. Equipment Identification Labels: 

1. Indoor Equipment:  Laminated acrylic or melamine plastic sign. 
2. Outdoor Equipment:  Laminated acrylic or melamine sign. 
3. Equipment to Be Labeled: 
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a. Panelboards: Typewritten directory of circuits in the location provided by 
panelboard manufacturer. Panelboard identification shall be in the form of a 
self-adhesive, engraved, engraved, laminated acrylic or melamine label. 

b. Enclosures and electrical cabinets. 
c. Access doors and panels for concealed electrical items. 
d. Transformers: Label that includes tag designation indicated on Drawings 

for the transformer, feeder, and panelboards or equipment supplied by the 
secondary. 

e. Enclosed switches. 
f. Enclosed circuit breakers. 
g. Enclosed controllers. 
h. Variable-speed controllers. 
i. Push-button stations. 
j. Power-transfer equipment. 
k. Contactors. 
l. Remote-controlled switches, dimmer modules, and control devices. 
m. Monitoring and control equipment. 

END OF DOCUMENT 260553 
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DOCUMENT 260590 - SELECTIVE ELECTRICAL DEMOLITION 

PART 1 - GENERAL 

1.1 SECTION INCLUDES 

A. Electrical demolition. 

PART 2 - PRODUCTS 

2.1 MATERIALS AND EQUIPMENT 

A. Materials and equipment for patching and extending work: As specified in individual 
Sections. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify field measurements and circuiting arrangements are as shown on Drawings. 

B. Verify that abandoned wiring and equipment serve only abandoned facilities. 

C. Demolition Drawings are based on casual field observation and existing record 
documents. Report discrepancies to Architect/Engineer before disturbing existing 
installation. 

D. Beginning of demolition means installer accepts existing conditions. 

3.2 PREPARATION 

A. Disconnect electrical systems in walls, floors, and ceilings scheduled for removal. 

B. Provide temporary wiring and connections to maintain existing systems in service 
during construction. When work must be performed on energized equipment or circuits, 
use personnel experienced in such operations. 

3.3 DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WORK 

A. Demolish and extend existing electrical work under provisions of Division 01, Division 
02, and this Division. 

B. Remove, relocate, and extend existing installations to accommodate new construction. 
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C. Remove abandoned wiring to source of supply. 

D. Remove exposed abandoned conduit, including abandoned conduit above accessible 
ceiling finishes. Cut conduit flush with walls and floors, and patch surfaces. 

E. Disconnect abandoned outlets and remove devices. Remove abandoned outlets if 
conduit servicing them is abandoned and removed. Provide blank cover for abandoned 
outlets which are not removed. 

F. Repair adjacent construction and finishes damaged during demolition and extension 
work. T-bar ceiling tiles damaged under normal construction conditions or having voids 
where junction boxes were removed shall be replaced by the Contractor. 

G. Maintain access to existing electrical installations which remain active. 

H. Extend existing installations using materials and methods as specified. 

I. Where materials or equipment are to be turned over to Owner or reused and installed 
by the Contractor, it shall be the Contractor’s responsibility to maintain condition of 
materials and equipment equal to the existing condition of the equipment before the 
work began. Repair or replace damaged materials or equipment at no additional cost to 
the Owner. 

3.4 EXISTING PANELBOARDS 

A. Where existing circuits are indicated to be reused, use sensing measuring devices to 
verify circuits feeding Project area or are not in use. 

B. Provide new updated directories where more than three circuits have been modified or 
rewired. 

3.5 CLEANING AND REPAIR 

A. A. Clean and repair existing materials and equipment which remain or are to be 
reused. 

3.6 INSTALLATION 

A. A. Install relocated materials and equipment under the provisions of Division 01. 

END OF DOCUMENT 260590 
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DOCUMENT 260923 - LIGHTING CONTROL DEVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Indoor occupancy and vacancy sensors. 

B. Related Requirements: 

1. Section 262726 "Wiring Devices" for wall-box dimmers, non-networkable wall-
switch occupancy sensors, and manual light switches. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Show installation details for the following: 

a. Occupancy sensors. 
b. Vacancy sensors. 

2. Interconnection diagrams showing field-installed wiring. 
3. Include diagrams for power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plan(s) and elevations, drawn to scale, on 
which the following items are shown and coordinated with each other, using input from 
installers of the items involved: 

1. Suspended ceiling components. 
2. Structural members to which equipment will be attached. 
3. Items penetrating finished ceiling, including the following: 

a. Luminaires. 
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b. Air outlets and inlets. 
c. Speakers. 
d. Sprinklers. 
e. Access panels. 
f. Control modules. 

B. Field quality-control reports. 

C. Sample Warranty: For manufacturer's warranties. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For each type of lighting control device to include in 
operation and maintenance manuals. 

1.6 WARRANTY 

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace lighting 
control devices that fail(s) in materials or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Faulty operation of lighting control devices. 

2. Warranty Period:  Two year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 INDOOR OCCUPANCYAND VACANCY SENSORS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following: 

1. Cooper Industries, Inc. 
2. Hubbell Building Automation, Inc. 
3. Intermatic, Inc. 
4. Leviton Manufacturing Co., Inc. 
5. Lithonia Lighting; Acuity Brands Lighting, Inc. 
6. Lutron Electronics Co., Inc. 
7. Sensor Switch, Inc. 
8. WattStopper; a Legrand® Group brand. 

B. General Requirements for Sensors: 

1.  Ceiling-mounted, solid-state indoor occupancy sensors. 
2.  Dual technology. 
3.  Separate power pack. 
4. Hardwired connection to switch. 
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5. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and 
marked for intended location and application. 

6. Operation: 

a. Occupancy Sensor: Unless otherwise indicated, turn lights on when 
coverage area is occupied, and turn them off when unoccupied; with a time 
delay for turning lights off, adjustable over a minimum range of 1 to 15 
minutes. 

b. Vacancy Sensor: Unless otherwise indicated, lights are manually turned on 
and sensor turns lights off when the room is unoccupied; with a time delay 
for turning lights off, adjustable over a minimum range of 1 to 15 minutes. 

c. Combination Sensor: Unless otherwise indicated, sensor shall be 
programmed to turn lights on when coverage area is occupied and turn 
them off when unoccupied, or to turn off lights that have been manually 
turned on; with a time delay for turning lights off, adjustable over a 
minimum range of 1 to 15 minutes. 

7. Sensor Output:  Sensor is powered from the power pack. 

8. Power Pack: Dry contacts rated for 20-A LED load at 120- and 277-V ac, for 13-A 
tungsten at 120-V ac, and for 1 hp at 120-V ac. Sensor has 24-V dc, 150-mA, 
Class 2 power source, as defined by NFPA 70. 

9. Mounting: 

a. Sensor: Suitable for mounting in any position on a standard outlet box. 
b. Relay: Externally mounted through a 1/2-inch knockout in a standard 

electrical enclosure. 
c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind 

hinged door. 

10. Indicator: Digital display, to show when motion is detected during testing and 
normal operation of sensor. 

11. Bypass Switch: Override the "on" function in case of sensor failure. 
12. Automatic Light-Level Sensor: Adjustable from 2 to 200 fc; turn lights off when 

selected lighting level is present. 

C. Dual-Technology Type:  Ceiling mounted; detect occupants in coverage area using PIR 
and ultrasonic detection methods. The particular technology or combination of 
technologies that control on-off functions is selectable in the field by operating controls 
on unit. 

1. Sensitivity Adjustment: Separate for each sensing technology. 
2. Detector Sensitivity: Detect occurrences of 6-inch-minimum movement of any 

portion of a human body that presents a target of not less than 36 sq. in., and 
detect a person of average size and weight moving not less than 12 inches in 
either a horizontal or a vertical manner at an approximate speed of 12 inches/s. 

3. Detection Coverage (Standard Room): Detect occupancy anywhere within a 
circular area of 1000 sq. ft. when mounted on a 96-inch-high ceiling. 
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2.2 CONDUCTORS AND CABLES 

A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than 
No. 12 AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical 
Power Conductors and Cables." 

B. Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors 
not smaller than No. 18 AWG. Comply with requirements in Section 260519 "Low-
Voltage Electrical Power Conductors and Cables." 

C. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not 
smaller than No. 14 AWG. Comply with requirements in Section 260519 "Low-Voltage 
Electrical Power Conductors and Cables." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine lighting control devices before installation. Reject lighting control devices that 
are wet, moisture damaged, or mold damaged. 

B. Examine walls and ceilings for suitable conditions where lighting control devices will be 
installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 SENSOR INSTALLATION 

A. Comply with NECA 1. 

B. Coordinate layout and installation of ceiling-mounted devices with other construction 
that penetrates ceilings or is supported by them, including light fixtures, HVAC 
equipment, smoke detectors, fire-suppression systems, and partition assemblies. 

C. Install and aim sensors in locations to achieve not less than 90-percent coverage of 
areas indicated. Do not exceed coverage limits specified in manufacturer's written 
instructions. 

3.3 WIRING INSTALLATION 

A. Comply with NECA 1. 

B. Wiring Method: Comply with Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." Minimum conduit size is 1/2 inch. 

C. Wiring within Enclosures: Comply with NECA 1. Separate power-limited and nonpower-
limited conductors according to conductor manufacturer's written instructions. 
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D. Size conductors according to lighting control device manufacturer's written instructions 
unless otherwise indicated. 

E. Splices, Taps, and Terminations: Make connections only on numbered terminal strips 
in junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures. 

3.4 IDENTIFICATION 

A. Identify components and power and control wiring according to Section 260553 
"Identification for Electrical Systems." 

1. Identify controlled circuits in lighting contactors. 
2. Identify circuits or luminaires controlled by photoelectric and occupancy sensors 

at each sensor. 

B. Label time switches and contactors with a unique designation. 

3.5 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections with the assistance of a factory-authorized 
service representative: 

1. Operational Test: After installing time switches and sensors, and after electrical 
circuitry has been energized, start units to confirm proper unit operation. 

2. Test and adjust controls and safeties. Replace damaged and malfunctioning 
controls and equipment. 

B. Lighting control devices will be considered defective if they do not pass tests and 
inspections. 

C. Prepare test and inspection reports. 

3.6 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months from date of Substantial 
Completion, provide on-site assistance in adjusting lighting control devices to suit 
actual occupied conditions. Provide up to two visits to Project during other-than-normal 
occupancy hours for this purpose. 

1. For occupancy and motion sensors, verify operation at outer limits of detector 
range. Set time delay to suit Owner's operations. 

2. For daylighting controls, adjust set points and deadband controls to suit Owner's 
operations. 

3. Align high-bay occupancy sensors using manufacturer's laser aiming tool. 
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3.7 DEMONSTRATION 

A.  Train Owner's maintenance personnel to adjust, operate, and maintain lighting control 
devices. 

END OF DOCUMENT 260923 
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DOCUMENT 262726 - WIRING DEVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Standard-grade receptacles, 125 V, 20 A. 
2. GFCI receptacles, 125 V, 20 A. 
3. Toggle switches, 120/277 V, 20 A. 
4. Occupancy sensors 
5. Wall-box dimmers. 
6. Wall plates. 

1.3 DEFINITIONS 

A. AFCI: Arc-fault circuit interrupter. 

B. BAS: Building automation system. 

C. EMI: Electromagnetic interference. 

D. GFCI: Ground-fault circuit interrupter. 

E. Pigtail: Short lead used to connect a device to a branch-circuit conductor. 

F. RFI: Radio-frequency interference. 

G. SPD: Surge protective device. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: List of legends and description of materials and process used for 
premarking wall plates. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' 
packing-label warnings and instruction manuals that include labeling conditions. 

PART 2 - PRODUCTS 

2.1 GENERAL WIRING-DEVICE REQUIREMENTS 

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and use. 

B. Comply with NFPA 70. 

C. Comply with NEMA WD 1. 

D. Devices for Owner-Furnished Equipment: 

1. Receptacles: Match plug configurations. 

E. Device Color: 

1. Wiring Devices Connected to Normal Power System:  As selected by Architect 
unless otherwise indicated or required by NFPA 70 or device listing. 

2. Wiring Devices Connected to Emergency Power System:  Red. 

F. Wall Plate Color: For plastic covers, match device color. 

G. Source Limitations: Obtain each type of wiring device and associated wall plate from 
single source from single manufacturer. 

2.2 STANDARD-GRADE RECEPTACLES, 125 V, 20 A 

A. Duplex Receptacles, 125 V, 20 A 

1. Products: Subject to compliance with requirements, provide one of the following: 

a. Eaton (Arrow Hart); Commercial Grade Receptacles 20A-125V NEMA 5-
20R - BR20. 

b. Hubbell Incorporated; Wiring Device-Kellems; HBL 5362. 
c. Leviton Manufacturing Co., Inc.; 5891 (single), 5352 (duplex). 
d. Pass & Seymour/Legrand (Pass & Seymour); 5361 (single), 5362 (duplex). 
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2. Description: Two pole, three wire, and self-grounding. 
3. Configuration: NEMA WD 6, Configuration 5-20R. 
4. Standards: Comply with UL 498 and FS W-C-596. 

2.3 GFCI RECEPTACLES, 125 V, 20 A 

A. Duplex GFCI Receptacles, 125 V, 20 A 

1. Products: Subject to compliance with requirements, provide the following: 

a. Eaton (Arrow Hart); SGF20. 
b. Hubbell Incorporated; Wiring Device-Kellems; GFRST20. 
c. Leviton Manufacturing Co., Inc.; G5362. 
d. Pass & Seymour/Legrand (Pass & Seymour); 2097. 

 

2. Description: Integral GFCI with "Test" and "Reset" buttons and LED indicator 
light. Two pole, three wire, and self-grounding. 

3. Configuration: NEMA WD 6, Configuration 5-20R. 
4. Type:  Non-feed through. 
5. Standards: Comply with UL 498, UL 943 Class A, and FS W-C-596. 

B. Tamper- and Weather-Resistant, GFCI Duplex Receptacles, 125 V, 20 A 

1. Products: Subject to compliance with requirements, provide one of the following: 

a. Eaton (Arrow Hart); WRSGF20. 
b. Hubbell Incorporated; Wiring Device-Kellems; GFTWRST20. 
c. Leviton Manufacturing Co., Inc.; G5362. 
d. Pass & Seymour/Legrand (Pass & Seymour); 2097TRWR. 

2. Description: Integral GFCI with "Test" and "Reset" buttons and LED indicator 
light. Two pole, three wire, and self-grounding. Integral shutters that operate only 
when a plug is inserted in the receptacle. Square face. 

3. Configuration: NEMA WD 6, Configuration 5-15R. 
4. Type:  Non-feed through. 
5. Standards: Comply with UL 498 and UL 943 Class A. 

6. Marking: Listed and labeled as complying with NFPA 70, "Tamper-Resistant 
Receptacles" and "Receptacles in Damp or Wet Locations" articles. 

2.4 HOSPITAL-GRADE, TAMPER RESISTANT DUPLEX RECEPTACLES, 125V, 20A 

1. Products: Subject with requirements, provide one of the following: 

a. Eaton (Arrow Hart);  
b. Hubbell Incorporated; Wiring Devices-Kellems; 
c. Leviton Manufacturing Co. Inc.; 
d. Pass & Seymour/Legrand (Pass & Seyour); 
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2. Description: Two pole, three wire, and self-grounding. Integral shutters that 
operate only when a plug is inserted in the receptacle. 

3. Configuration: NEMA WD 6, Configuration 5-20R. 
4. Standards: Standards: Comply with NEMA WD 1, UL 498 Supplement sd, and 

FS W-C-596. 
5. Marking: Listed and labeled as complying with NFPA 70, "Health Care Facilities" 

Article. 

2.5 TOGGLE SWITCHES, 120/277 V, 20 A 

A. Single-Pole Switches, 120/277 V, 20 A 

1. Products: Subject to compliance with requirements, provide one of the following: 

a. Eaton (Arrow Hart); AH1221 AC Quiet Toggle Switches. 
b. Hubbell Incorporated; Wiring Device-Kellems; HBL1221. 
c. Leviton Manufacturing Co., Inc.; 1221-2. 
d. Pass & Seymour/Legrand (Pass & Seymour); CSB20AC1. 

2. Standards: Comply with UL 20 and FS W-S-896. 

B. Three-Way Switches, 120/277 V, 20 A 

1. Products: Subject to compliance with requirements, provide one of the following: 

a. Eaton (Arrow Hart); AH1223. 
b. Hubbell Incorporated; Wiring Device-Kellems; HBL1223. 
c. Leviton Manufacturing Co., Inc.; 1223-2. 
d. Pass & Seymour/Legrand (Pass & Seymour); CSB20AC3. 

2. Comply with UL 20 and FS W-S-896. 

C. Four-Way Switches, 120/277 V, 20 A 

1. Products: Subject to compliance with requirements, provide one of the following: 

a. Eaton (Arrow Hart); AH1224. 
b. Hubbell Incorporated; Wiring Device-Kellems; HBL1224. 
c. Leviton Manufacturing Co., Inc.; 1224-2. 
d. Pass & Seymour/Legrand (Pass & Seymour); CSB20AC4. 

2. Standards: Comply with UL 20 and FS W-S-896. 

2.6 OCCUPANCY SENSORS 

A. Wall Switch Sensor Light Switch, Dual Technology: 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 
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a. Eaton (Arrow Hart). 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Pass & Seymour/Legrand (Pass & Seymour). 

2. Description: Switchbox-mounted, combination lighting-control sensor and 
conventional switch lighting-control unit using dual (ultrasonic and passive 
infrared) technology. 

3. Standards: Comply with UL 20. 

4. Rated 960 W at 120 V ac for tungsten lighting, 10 A at 120 V ac or 10 A at 
277 V ac for fluorescent or LED lighting, and 1/4 hp at 120 V ac. 

5. Adjustable time delay of five minutes. 

6. Able to be locked to Automatic or manual-On mode. 
7. Automatic Light-Level Sensor: Adjustable from 2 to 200 fc. 

2.7 DIMMERS 

A. Wall-Box Dimmers: 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to the following: 

a. Eaton (Arrow Hart). 
b. Hubbell Incorporated; Wiring Device-Kellems. 
c. Leviton Manufacturing Co., Inc. 
d. Lutron Electronics Co., Inc. 
e. Pass & Seymour/Legrand (Pass & Seymour). 

2. Description: Modular, full-wave, solid-state dimmer switch with integral, quiet on-
off switches, with audible frequency and EMI/RFI suppression filters. 

3. Control: Continuously adjustable slider; with single-pole or three-way switching. 
4. Standards: Comply with UL 1472. 
5. LED Lamp Dimmer Switches: Modular; compatible with LED lamps; trim 

potentiometer to adjust low-end dimming; capable of consistent dimming with low 
end not greater than 20 percent of full brightness. 

2.8 WALL PLATES 

A. Single Source: Obtain wall plates from same manufacturer of wiring devices. 

B. Single and combination types shall match corresponding wiring devices. 

1. Plate-Securing Screws: Metal with head color to match plate finish. 

2. Material for Finished Spaces:  0.035-inch-thick, satin-finished, Type 302 stainless 
steel. 
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3. Material for Unfinished Spaces:  Galvanized steel. 
4. Material for Damp Locations:  Thermoplastic with spring-loaded lift cover, and 

listed and labeled for use in wet and damp locations. 

C. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, 
weather-resistant, die-cast aluminum with lockable cover. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1, including mounting heights listed in that standard, unless 
otherwise indicated. 

B. Coordination with Other Trades: 

1. Protect installed devices and their boxes. Do not place wall finish materials over 
device boxes, and do not cut holes for boxes with routers that are guided by 
riding against outside of boxes. 

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, 
concrete, dust, paint, and other material that may contaminate the raceway 
system, conductors, and cables. 

3. Install device boxes in brick or block walls so that the cover plate does not cross 
a joint unless the joint is troweled flush with the face of the wall. 

4. Install wiring devices after all wall preparation, including painting, is complete. 

C. Conductors: 

1. Do not strip insulation from conductors until right before they are spliced or 
terminated on devices. 

2. Strip insulation evenly around the conductor using tools designed for the 
purpose. Avoid scoring or nicking of solid wire or cutting strands from stranded 
wire. 

3. The length of free conductors at outlets for devices shall comply with NFPA 70, 
Article 300, without pigtails. 

D. Device Installation: 

1. Replace devices that have been in temporary use during construction and that 
were installed before building finishing operations were complete. 

2. Keep each wiring device in its package or otherwise protected until it is time to 
connect conductors. 

3. Do not remove surface protection, such as plastic film and smudge covers, until 
the last possible moment. 

4. Connect devices to branch circuits using pigtails that are not less than 6 inches in 
length. 

5. When there is a choice, use side wiring with binding-head screw terminals. Wrap 
solid conductor tightly clockwise, two-thirds to three-fourths of the way around 
terminal screw. 
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6. Use a torque screwdriver when a torque is recommended or required by 
manufacturer. 

7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, 
splice No. 12 AWG pigtails for device connections. 

8. Tighten unused terminal screws on the device. 
9. When mounting into metal boxes, remove the fiber or plastic washers used to 

hold device-mounting screws in yokes, allowing metal-to-metal contact. 

E. Receptacle Orientation: 

1. Install ground pin of vertically mounted receptacles up, and on horizontally 
mounted receptacles to the right. 

F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and 
remount outlet boxes when standard device plates do not fit flush or do not cover rough 
wall opening. 

G. Dimmers: 

1. Install dimmers within terms of their listing. 
2. Verify that dimmers used for fan-speed control are listed for that application. 
3. Install unshared neutral conductors on line and load side of dimmers according to 

manufacturers' device, listing conditions in the written instructions. 

H. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension 
vertical and with grounding terminal of receptacles on top. Group adjacent switches 
under single, multigang wall plates. 

I. Adjust locations of floor service outlets and service poles to suit arrangement of 
partitions and furnishings. 

3.2 GFCI RECEPTACLES 

A. Install non-feed-through GFCI receptacles where protection of downstream receptacles 
is not required. 

3.3 IDENTIFICATION 

A. Comply with Section 260553 "Identification for Electrical Systems." 

B. Identify each receptacle with panelboard identification and circuit number. Use hot, 
stamped, or engraved machine printing with black-filled lettering on face of plate, and 
durable wire markers or tags inside outlet boxes. 

3.4 FIELD QUALITY CONTROL 

A. Test Instruments: Use instruments that comply with UL 1436. 
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B. Test Instrument for Receptacles: Digital wiring analyzer with digital readout or 
illuminated digital-display indicators of measurement. 

C. Perform the following tests and inspections: 

1. Test Instruments: Use instruments that comply with UL 1436. 
2. Test Instrument for Receptacles: Digital wiring analyzer with digital readout or 

illuminated digital-display indicators of measurement. 

D. Tests for Receptacles: 

1. Line Voltage: Acceptable range is 105 to 132 V. 
2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is 

unacceptable. 
3. Ground Impedance: Values of up to 2 ohms are acceptable. 
4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943. 
5. Using the test plug, verify that the device and its outlet box are securely 

mounted. 
6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the 

circuit breaker, poor connections, inadequate fault-current path, defective 
devices, or similar problems. Correct circuit conditions, remove malfunctioning 
units and replace with new ones, and retest as specified above. 

E. Wiring device will be considered defective if it does not pass tests and inspections. 

F. Prepare test and inspection reports. 

END OF DOCUMENT 262726 
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DOCUMENT 265119 - LED INTERIOR LIGHTING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes the following types of LED luminaires: 

1. LED lighting fixtures. 
2. Lighting fixture supports. 

B. Related Requirements: 

1. Section 260923 "Lighting Control Devices" for automatic control of lighting, 
including time switches, photoelectric relays, occupancy sensors, and multipole 
lighting relays and contactors. 

1.3 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color Rendering Index. 

C. Fixture: See "Luminaire." 

D. IP: International Protection or Ingress Protection Rating. 

E. LED: Light-emitting diode. 

F. Lumen: Measured output of lamp and luminaire, or both. 

G. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Arrange in order of luminaire designation. 
2. Include data on features, accessories, and finishes. 
3. Include physical description and dimensions of luminaires. 
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4. Include emergency lighting units, including batteries and chargers. 
5. Include life, output (lumens, CCT, and CRI), and energy-efficiency data. 
6. Photometric data and adjustment factors based on laboratory tests, complying 

with IES "Lighting Measurements Testing and Calculation Guides" for each 
luminaire type. The adjustment factors shall be for lamps and accessories 
identical to those indicated for the luminaire as applied in this Project IES LM-79 
and IES LM-80. 

a. Manufacturers' Certified Data: Photometric data certified by manufacturer's 
laboratory with a current accreditation under the National Voluntary 
Laboratory Accreditation Program for Energy Efficient Lighting Products. 

B. Shop Drawings: For nonstandard or custom luminaires. 

1. Include plans, elevations, sections, and mounting and attachment details. 
2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, 

required clearances, method of field assembly, components, and location and 
size of each field connection. 

3. Include diagrams for power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale, on 
which the following items are shown and coordinated with each other, using input from 
installers of the items involved: 

1. Luminaires. 
2. Suspended ceiling components. 
3. Partitions and millwork that penetrate the ceiling or extend to within 12 inches of 

the plane of the luminaires. 
4. Structural members to which equipment and or luminaires will be attached. 
5. Initial access modules for acoustical tile, including size and locations. 
6. Items penetrating finished ceiling, including the following: 

a. Other luminaires. 
b. Air outlets and inlets. 
c. Speakers. 
d. Sprinklers. 
e. Access panels. 
f. Ceiling-mounted projectors. 

7. Moldings. 

B. Qualification Data: For testing laboratory providing photometric data for luminaires. 

C. Seismic Qualification Data: For luminaires, accessories, and components, from 
manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual 
test of assembled components or on calculation. 
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2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and 
locate and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements. 

D. Product Certificates: For each type of luminaire. 

E. Product Test Reports: For each type of luminaire, for tests performed by manufacturer 
and witnessed by a qualified testing agency. 

F. Sample warranty. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires and lighting systems to include in 
operation and maintenance manuals. 

1. Provide a list of all lamp types used on Project; use ANSI and manufacturers' 
codes. 

1.7 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire 
manufacturer's laboratory that is accredited under the NVLAP for Energy Efficient 
Lighting Products. 

B. Provide luminaires from a single manufacturer for each luminaire type. 

C. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure 
color consistency among luminaires. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary protective 
covering before shipping. 

1.9 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of 
luminaires that fail in materials or workmanship within specified warranty period. 

B. Warranty Period:  Five year(s) from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, product(s) indicated on 
Drawings. 

2.2 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Luminaires shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 

B. Seismic Performance: Luminaires and lamps shall be labeled vibration and shock 
resistant. 

1. The term "withstand" means "the luminaire will remain in place without separation 
of any parts when subjected to the seismic forces specified and the luminaire will 
be fully operational during and after the seismic event." 

C. Ambient Temperature:  41 to 104 deg F. 

1. Relative Humidity: Zero to 95 percent. 

D. Altitude: Sea level to 1000 feet. 

2.3 LUMINAIRE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

B. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Locate 
labels where they will be readily visible to service personnel, but not seen from normal 
viewing angles when lamps are in place. 

1. Label shall include the following lamp characteristics: 

a. "USE ONLY" and include specific lamp type. 
b. Lamp diameter, shape, size, wattage, and coating. 
c. CCT and CRI. 

C. Recessed luminaires shall comply with NEMA LE 4. 

2.4 MATERIALS 

A. Lamps: 
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1. CRI of minimum 80. 
2. Dimmable from 100 percent to 0 percent of maximum light output. 
3. Internal driver. 

4. Lens Thickness: At least 0.125-inch minimum unless otherwise indicated. 

B. Housings:  

1. Extruded-aluminum housing and heat sink. 
2. With integral mounting provisions. 

C. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage 
under operating conditions, and designed to permit relamping without use of tools. 
Components are designed to prevent doors, frames, lenses, diffusers, and other 
components from falling accidentally during relamping and when secured in operating 
position. 

D. Diffusers and Globes: 

1. Prismatic acrylic. 

2. Acrylic Diffusers: One hundred percent virgin acrylic plastic, with high resistance 
to yellowing and other changes due to aging, exposure to heat, and UV radiation. 

3. Glass: Annealed crystal glass unless otherwise indicated. 

4. Lens Thickness: At least 0.125-inch minimum unless otherwise indicated. 

E. Metal Parts: 

1. Free of burrs and sharp corners and edges. 
2. Sheet metal components shall be steel unless otherwise indicated. 
3. Form and support to prevent warping and sagging. 

F. Steel: 

1. ASTM A 36/A 36M for carbon structural steel. 
2. ASTM A 568/A 568M for sheet steel. 

G. Stainless Steel: 

1. 1. Manufacturer's standard grade. 
2. 2. Manufacturer's standard type, ASTM A 240/240 M. 

H. Galvanized Steel: ASTM A 653/A 653M. 

I. Aluminum: ASTM B 209. 
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2.5 METAL FINISHES 

A. Variations in finishes are unacceptable in the same piece. Variations in finishes of 
adjoining components are acceptable if they are within the range of approved Samples 
and if they can be and are assembled or installed to minimize contrast. 

2.6 LUMINAIRE SUPPORT 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 
Systems" for channel and angle iron supports and nonmetallic channel and angle 
supports. 

B. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling canopy. 
Finish same as luminaire. 

C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage. 

D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod. 

E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment 
with threaded attachment, cord, and locking-type plug. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance of 
the Work. 

B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical 
connections before luminaire installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 TEMPORARY LIGHTING 

A. If approved by the Architect, use selected permanent luminaires for temporary lighting. 
When construction is sufficiently complete, clean luminaires used for temporary lighting 
and install new lamps. 

3.3 INSTALLATION 

A. Comply with NECA 1. 

B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise 
indicated. 
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C. Install lamps in each luminaire. 

D. Supports: 

1. Sized and rated for luminaire weight. 
2. Able to maintain luminaire position after cleaning and relamping. 
3. Provide support for luminaire without causing deflection of ceiling or wall. 
4. Luminaire-mounting devices shall be capable of supporting a horizontal force of 

100 percent of luminaire weight and a vertical force of 400 percent of luminaire 
weight. 

E. Flush-Mounted Luminaires: 

1. Secured to outlet box. 
2. Attached to ceiling structural members at four points equally spaced around 

circumference of luminaire. 
3. Trim ring flush with finished surface. 

F. Wall-Mounted Luminaires:  

1. Attached to structural members in walls. 
2. Do not attach luminaires directly to gypsum board. 

G. Suspended Luminaires: 

1. Ceiling Mount: 

a. Pendant mount with 5/32-inch- diameter aircraft cable supports adjustable 
to 10 feet in length. 

2. Pendants and Rods: Where longer than 48 inches, brace to limit swinging. 
3. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers. 

Support with approved outlet box and accessories that hold stem and provide 
damping of luminaire oscillations. Support outlet box vertically to building 
structure using approved devices. 

4. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point and 
wire support for suspension for each unit length of luminaire chassis, including 
one at each end. 

5. Do not use ceiling grid as support for pendant luminaires. Connect support wires 
or rods to building structure. 

H. Ceiling-Grid-Mounted Luminaires: 

1. Secure to any required outlet box. 

2. Secure luminaire to the luminaire opening using approved fasteners in a 
minimum of four locations, spaced near corners of luminaire. 

3. Use approved devices and support components to connect luminaire to ceiling 
grid and building structure in a minimum of four locations, spaced near corners of 
luminaire. 
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I. Comply with requirements in Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables" for wiring connections. 

3.4 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements 
for identification specified in Section 260553 "Identification for Electrical Systems." 

3.5 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Operational Test: After installing luminaires, switches, and accessories, and after 
electrical circuitry has been energized, test units to confirm proper operation. 

2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper 
operation. Verify transfer from normal power to battery power and retransfer to 
normal. 

B. Luminaire will be considered defective if it does not pass operation tests and 
inspections. 

C. Prepare test and inspection reports. 

3.6 STARTUP SERVICE 

A. Comply with requirements for startup specified in Section 260943.23 "Relay-Based 
Lighting Controls." 

3.7 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months of date of Substantial 
Completion, provide on-site assistance in adjusting the direction of aim of luminaires to 
suit occupied conditions. Make up to two visits to Project during other-than-normal 
hours for this purpose. Some of this work may be required during hours of darkness. 

1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that 
are defective. 

2. Parts and supplies shall be manufacturer's authorized replacement parts and 
supplies. 

3. Adjust the aim of luminaires in the presence of the Architect. 

END OF DOCUMENT 265119 
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DOCUMENT 265213 - EMERGENCY AND EXIT LIGHTING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Emergency lighting units. 
2. Exit signs. 
3. Luminaire supports. 

1.3 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color Rendering Index. 

C. Emergency Lighting Unit: A lighting unit with internal or external emergency battery 
powered supply and the means for controlling and charging the battery and unit 
operation. 

D. Fixture: See "Luminaire" Paragraph. 

E. Lumen: Measured output of lamp and luminaire, or both. 

F. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of emergency lighting unit, exit sign, and emergency 
lighting support. 

1. Include data on features, accessories, and finishes. 
2. Include physical description of the unit and dimensions. 
3. Battery and charger for light units. 
4. Include life, output of luminaire (lumens, CCT, and CRI), and energy-efficiency 

data. 
5. Include photometric data and adjustment factors based on laboratory tests, 

complying with IES LM-45, for each luminaire type. 



HGTC - CONWAY COSMETOLOGY EXPANSION BLDG. 500/600 

 

EMERGENCY AND EXIT LIGHTING  265213 - 2 

a. Manufacturers' Certified Data: Photometric data certified by manufacturer's 
laboratory with a current accreditation under the National Voluntary 
Laboratory Accreditation Program for Energy Efficient Lighting Products. 

B. Shop Drawings: For nonstandard or custom luminaires. 

1. Include plans, elevations, sections, and mounting and attachment details. 
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, 

required clearances, method of field assembly, components, and location and 
size of each field connection. 

3. Include diagrams for power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale, on 
which the following items are shown and coordinated with each other, using input from 
installers of the items involved: 

1. Luminaires. 
2. Suspended ceiling components. 
3. Partitions and millwork that penetrate the ceiling or extend to within 12 inches of 

the plane of the luminaires. 
4. Structural members to which equipment will be attached. 
5. Size and location of initial access modules for acoustical tile. 
6. Items penetrating finished ceiling including the following: 

a. Other luminaires. 
b. Air outlets and inlets. 
c. Speakers. 
d. Ceiling-mounted projectors. 
e. Sprinklers. 
f. Access panels. 

7. Moldings. 

B. Product Certificates: For each type of luminaire. 

C. Seismic Qualification Data: For luminaires, accessories, and components, from 
manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual 
test of assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and 
locate and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements. 

4. Provide seismic qualification certificate for each piece of equipment. 

D. Product Test Reports: For each luminaire for tests performed by manufacturer and 
witnessed by a qualified testing agency. 
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E. Sample Warranty: For manufacturer's warranty. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires and lighting systems to include in 
emergency, operation, and maintenance manuals. 

1. Provide a list of all lamp types used on Project; use ANSI and manufacturers' 
codes. 

1.7 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire 
manufacturer's laboratory that is accredited under the National Volunteer Laboratory 
Accreditation Program for Energy Efficient Lighting Products. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary protective 
covering before shipping. 

1.9 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of 
luminaires that fail in materials or workmanship within specified warranty period. 

1. Warranty Period:  Five years from date of Substantial Completion. 

B. Special Warranty for Emergency Lighting Batteries: Manufacturer's standard form in 
which manufacturer of battery-powered emergency lighting unit agrees to repair or 
replace components of rechargeable batteries that fail in materials or workmanship 
within specified warranty period. 

1. Warranty Period for Emergency Power Unit Batteries:  Five years from date of 
Substantial Completion. Full warranty shall apply for the entire warranty period. 

2. Warranty Period for Self-Powered Exit Sign Batteries:  Five years from date of 
Substantial Completion. Full warranty shall apply for the entire warranty period. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Luminaires shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 
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1. The term "withstand" means "the luminaire will remain in place without separation 
of any parts when subjected to the seismic forces specified and the luminaire will 
be fully operational during and after the seismic event." 

2.2 GENERAL REQUIREMENTS FOR EMERGENCY LIGHTING 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

B. NRTL Compliance: Fabricate and label emergency lighting units, exit signs, and 
batteries to comply with UL 924. 

C. Comply with NFPA 70 and NFPA 101. 

D. Comply with NEMA LE 4 for recessed luminaires. 

E. Internal Type Emergency Power Unit: Self-contained, modular, battery-inverter unit, 
factory mounted within luminaire body. 

1. Emergency Connection: Operate one lamp(s) continuously at an output of 1100 
lumens each upon loss of normal power. Connect unswitched circuit to battery-
inverter unit and switched circuit to luminaire ballast. 

2. Operation: Relay automatically turns lamp on when power-supply circuit voltage 
drops to 80 percent of nominal voltage or below. Lamp automatically disconnects 
from battery when voltage approaches deep-discharge level. When normal 
voltage is restored, relay disconnects lamps from battery, and battery is 
automatically recharged and floated on charger. 

3. Test Push-Button and Indicator Light: Visible and accessible without opening 
luminaire or entering ceiling space. 

a. Push Button: Push-to-test type, in unit housing, simulates loss of normal 
power and demonstrates unit operability. 

b. Indicator Light: LED indicates normal power on. Normal glow indicates 
trickle charge; bright glow indicates charging at end of discharge cycle. 

4. Battery: Sealed, maintenance-free, nickel-cadmium type. 
5. Charger: Fully automatic, solid-state, constant-current type with sealed power 

transfer relay. 

6. Integral Self-Test: Factory-installed electronic device automatically initiates code-
required test of unit emergency operation at required intervals. Test failure is 
annunciated by an integral audible alarm and a flashing red LED. 

2.3 EXIT SIGNS 

A. General Requirements for Exit Signs: Comply with UL 924; for sign colors, visibility, 
luminance, and lettering size, comply with authorities having jurisdiction. 
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B. Internally Lighted Signs: 

1. Lamps for AC Operation: LEDs; 50,000 hours minimum rated lamp life. 
2. Self-Powered Exit Signs (Battery Type): Internal emergency power unit. 

3. Master/Remote Sign Configurations: 

a. Master Unit: Comply with requirements above for self-powered exit signs, 
and provide additional capacity in battery for power connection to remote 
unit. 

b. Remote Unit: Comply with requirements above for self-powered exit signs, 
except omit power supply, battery, and test features. Arrange to receive full 
power requirements from master unit. Connect for testing concurrently with 
master unit as a unified system. 

2.4 MATERIALS 

A. Metal Parts: 

1. Free of burrs and sharp corners and edges. 
2. Sheet metal components shall be steel unless otherwise indicated. 
3. Form and support to prevent warping and sagging. 

B. Doors, Frames, and Other Internal Access: 

1. Smooth operating, free of light leakage under operating conditions. 
2. Designed to permit relamping without use of tools. 
3. Designed to prevent doors, frames, lenses, diffusers, and other components from 

falling accidentally during relamping and when secured in operating position. 

C. Conduit:  Electrical metallic tubing, minimum 3/4 inch in diameter. 

2.5 METAL FINISHES 

A. Appearance of Finished Work: Noticeable variations in same piece are not acceptable. 
Variations in appearance of adjoining components are acceptable if they are within the 
range of approved Samples and are assembled or installed to minimize contrast. 

2.6 LUMINAIRE SUPPORT COMPONENTS 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 
Systems" for channel and angle iron supports and nonmetallic channel and angle 
supports. 

B. Support Wires: ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 12 gage. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for conditions affecting performance of luminaires. 

B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical 
connections before luminaire installation. 

C. Examine walls, floors, roofs, and ceilings for suitable conditions where emergency 
lighting luminaires will be installed. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Comply with NECA 1. 

B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise 
indicated. 

C. Supports: 

1. Sized and rated for luminaire and emergency power unit weight. 
2. Able to maintain luminaire position when testing emergency power unit. 
3. Provide support for luminaire and emergency power unit without causing 

deflection of ceiling or wall. 
4. Luminaire-mounting devices shall be capable of supporting a horizontal force of 

100 percent of luminaire and emergency power unit weight and vertical force of 
400 percent of luminaire weight. 

D. Wall-Mounted Luminaire Support:  

1. Attached to structural members in walls. 
2. Do not attach luminaires directly to gypsum board. 

E. Suspended Luminaire Support: 

1. Pendants and Rods: Where longer than 48 inches, brace to limit swinging. 
2. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers. 

Support with approved outlet box and accessories that hold stem and provide 
damping of luminaire oscillations. Support outlet box vertically to building 
structure using approved devices. 

3. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point and 
wire support for suspension for each unit length of luminaire chassis, including 
one at each end. 

4. Do not use ceiling grid as support for pendant luminaires. Connect support wires 
or rods to building structure. 
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F. Ceiling Grid Mounted Luminaires: 

1. Secure to any required outlet box. 

2. Use approved devices and support components to connect luminaire to ceiling 
grid and building structure in a minimum of four locations, spaced near corners of 
luminaire. 

3.3 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements 
for identification specified in Section 260553 "Identification for Electrical Systems." 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Test for Emergency Lighting: Interrupt power supply to demonstrate proper 
operation. Verify transfer from normal power to battery power and retransfer to 
normal. 

B. Luminaire will be considered defective if it does not pass operation tests and 
inspections. 

C. Prepare test and inspection reports. 

3.5 STARTUP SERVICE 

A. Perform startup service: 

1. Charge emergency power units and batteries minimum of 24 hours and conduct 
one-hour discharge test. 

3.6 ADJUSTING 

A. Adjustments: Within 12 months of date of Substantial Completion, provide on-site visit 
to do the following: 

1. Inspect all luminaires. Replace lamps, emergency power units, batteries, signs, 
or luminaires that are defective. 

a. Parts and supplies shall be manufacturer's authorized replacement parts 
and supplies. 

2. Conduct short-duration tests on all emergency lighting. 

END OF DOCUMENT 265213 
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SECTION 283111 - DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General requirements listed 
in Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Fire-alarm control unit. 
2. Manual fire-alarm boxes. 
3. System smoke detectors. 
4. Heat detectors. 
5. Notification appliances. 
6. Magnetic door holders. 
7. Remote annunciator. 
8. Addressable interface device. 
9. Cellular/IP Communicator. 

1.3 DEFINITIONS 

A. LED:  Light-emitting diode. 

B. NICET:  National Institute for Certification in Engineering Technologies. 

1.4 SYSTEM DESCRIPTION 

A. Noncoded addressable system, with automatic sensitivity control of certain smoke 
detectors and multiplexed signal transmission, dedicated to fire-alarm service only. 

1.5 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  Fire-alarm control unit and raceways shall withstand the effects 
of earthquake motions determined according to SEI/ASCE 7. 

1. The term "withstand" means "the unit will remain in place without separation of 
any parts from the device when subjected to the seismic forces specified and the 
unit will be fully operational after the seismic event." 
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1.6 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings:  For fire-alarm system.  Include plans, elevations, sections, details, 
and attachments to other work. 

1. Comply with recommendations in the "Documentation" Section of the 
"Fundamentals of Fire Alarm Systems" Chapter in NFPA 72. 

2. Include voltage drop calculations for notification appliance circuits. Load 
notification appliance circuits to 60% of rated capacity to allow for additional 
devices or resetting candela output of devices provided. 

3. Include battery-size calculations. Load notification appliance circuits to 60% of 
rated capacity to allow for additional devices or resetting candela output of 
devices provided. 

4. Include performance parameters and installation details for each detector, 
verifying that each detector is listed for complete range of air velocity, 
temperature, and humidity possible when air-handling system is operating. 

5. Include CAD generated 1/8”=1’-0” floor plans to indicate final outlet locations 
showing address of each addressable device. Show size and route of cable and 
conduits. Submitting marked up copies of the design drawings or additional 
information superimposed over the design drawings is not acceptable. Submittals 
that include the design drawings will be rejected. 

6. Provide CAD generated riser diagram showing all system devices interconnected 
for this specific project. Generic schematic wiring diagrams are not acceptable. 

C. General Submittal Requirements: 

1. Submissions to Authorities Having Jurisdiction: In addition to distribution 
requirements for submittals specified in Division 1 Section Submittals, send 
submittal to Architect for review and comment. Once the submittal has been 
approved by the Architect, send the submission to Town of Kiawah Fire Marshal 
Office. After the Fire Marshal’s comments have been corrected, submit to the 
Architect. Resubmit if required to make clarifications or revisions to obtain 
approval. 

2. Shop Drawings shall be prepared by persons with the following qualifications: 

a. Trained and certified by manufacturer in fire-alarm system design. 
b. NICET-certified fire-alarm technician, Level III minimum. 
c. Licensed or certified by authorities having jurisdiction. 

1.7 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 

B. Seismic Qualification Certificates:  For fire-alarm control unit, accessories, and 
components, from manufacturer. 

1. Basis for Certification:  Indicate whether withstand certification is based on actual 
test of assembled components or on calculation. 
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2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and 
locate and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements. 

C. Field quality-control reports. 

1.8 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For fire-alarm systems and components to include 
in emergency, operation, and maintenance manuals.  In addition to items specified in 
Section 017823 "Operation and Maintenance Data," deliver copies to authorities having 
jurisdiction and include the following: 

1. Comply with the "Records" Section of the "Inspection, Testing and Maintenance" 
Chapter in NFPA 72. 

2. Provide "Record of Completion Documents" according to NFPA 72 article 
"Permanent Records" in the "Records" Section of the "Inspection, Testing and 
Maintenance" Chapter. 

3. Record copy of site-specific software. 
4. Provide "Maintenance, Inspection and Testing Records" according to NFPA 72 

article of the same name and include the following: 

a. Frequency of testing of installed components. 
b. Frequency of inspection of installed components. 
c. Requirements and recommendations related to results of maintenance. 
d. Manufacturer's user training manuals. 

5. Manufacturer's required maintenance related to system warranty requirements. 
6. Abbreviated operating instructions for mounting at fire-alarm control unit. 

B. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 
2. Program Software Backup:  On magnetic media or compact disk, complete with 

data files. 
3. Device address list. 
4. Printout of software application and graphic screens. 

1.9 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 

1. Lamps for Remote Indicating Lamp Units:  Quantity equal to 10 percent of 
amount installed, but no fewer than 1 unit. 

2. Lamps for Strobe Units:  Quantity equal to 10 percent of amount installed, but no 
fewer than 1 unit. 
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3. Smoke Detectors, Fire Detectors:  Quantity equal to 10 percent of amount of 
each type installed, but no fewer than 1 unit of each type. 

4. Detector Bases:  Quantity equal to 2 percent of amount of each type installed, 
but no fewer than 1 unit of each type. 

5. Keys and Tools:  One extra set for access to locked and tamperproofed 
components. 

6. Audible and Visual Notification Appliances:  One of each type installed. 
7. Fuses:  Two of each type installed in the system. 

1.10 QUALITY ASSURANCE 

A. Installer Qualifications:  Personnel shall be trained and certified by manufacturer for 
installation of units required for this Project. 

B. Installer Qualifications:  Installation shall be by personnel certified by NICET as fire-
alarm Level II technician. 

C. Source Limitations for Fire-Alarm System and Components:  Obtain fire-alarm system 
from single source from single manufacturer.  Components shall be compatible with, 
and operate as, an extension of existing system. 

D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

E. NFPA Certification:  Obtain certification according to NFPA 72 by a UL-listed alarm 
company. 

1.11 SOFTWARE SERVICE AGREEMENT 

A. Comply with UL 864. 

B. Technical Support:  Beginning with Substantial Completion, provide software support 
for two years. 

C. Upgrade Service:  Update software to latest version at Project completion.  Install and 
program software upgrades that become available within two years from date of 
Substantial Completion.  Upgrading software shall include operating system.  Upgrade 
shall include new or revised licenses for use of software. 

1. Provide 30 days' notice to Owner to allow scheduling and access to system and 
to allow Owner to upgrade computer equipment if necessary. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, manufacturer offering 
products that may be incorporated into the Work is limited to, the following, no 
substitutions: 

1. Fire Lite MS-4 (connect to existing Fire Alarm Panel), Inc.; a Honeywell 
company. 

2.2 SYSTEMS OPERATIONAL DESCRIPTION 

A. Fire-alarm signal initiation shall be by one or more of the following devices and 
systems: 

1. Manual stations. 
2. Heat detectors. 
3. Smoke detectors. 
4. Duct smoke detectors. 
5. Verified automatic alarm operation of smoke detectors. 
6. Automatic sprinkler system water flow. 
7. Heat detectors in elevator shaft and pit. 
8. Fire-extinguishing system operation. 

B. Fire-alarm signal shall initiate the following actions: 

1. Continuously operate alarm notification appliances. 
2. Identify alarm at fire-alarm control unit and remote annunciators. 
3. Transmit an alarm signal to the remote alarm receiving station. 
4. Unlock electric door locks in designated egress paths. 
5. Release fire and smoke doors held open by magnetic door holders. 
6. Activate voice/alarm communication system. 
7. Switch heating, ventilating, and air-conditioning equipment controls to fire-alarm 

mode. 
8. Close smoke dampers in air ducts of designated air-conditioning duct systems. 
9. Activate emergency lighting control. 
10. Activate emergency shutoffs for gas and fuel supplies. 
11. Record events in the system memory. 
12. Record events by the system printer. 

C. Supervisory signal initiation shall be by one or more of the following devices and 
actions: 

1. Valve supervisory switch. 
2. Low-air-pressure switch of a dry-pipe sprinkler system. 

D. System trouble signal initiation shall be by one or more of the following devices and 
actions: 
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1. Open circuits, shorts, and grounds in designated circuits. 
2. Opening, tampering with, or removing alarm-initiating and supervisory signal-

initiating devices. 
3. Loss of primary power at fire-alarm control unit. 
4. Ground or a single break in fire-alarm control unit internal circuits. 
5. Abnormal ac voltage at fire-alarm control unit. 
6. Break in standby battery circuitry. 
7. Failure of battery charging. 
8. Abnormal position of any switch at fire-alarm control unit or annunciator. 
9. Low-air-pressure switch operation on a dry-pipe or preaction sprinkler system. 

E. System Trouble and Supervisory Signal Actions:  Initiate notification appliance and 
annunciate at fire-alarm control unit and remote annunciators.  Record the event on 
system printer. 

2.3 FIRE-ALARM CONTROL UNIT 

A. General Requirements for Fire-Alarm Control Unit: 

1. Field-programmable, microprocessor-based, modular, power-limited design with 
electronic modules, complying with UL 864 and listed and labeled by an NRTL. 

a. System software and programs shall be held in flash electrically erasable 
programmable read-only memory (EEPROM), retaining the information 
through failure of primary and secondary power supplies. 

b. Include a real-time clock for time annotation of events on the event 
recorder and printer. 

2. Addressable initiation devices that communicate device identity and status. 

a. Smoke sensors shall additionally communicate sensitivity setting and allow 
for adjustment of sensitivity at fire-alarm control unit. 

b. Temperature sensors shall additionally test for and communicate the 
sensitivity range of the device. 

3. Addressable control circuits for operation of mechanical equipment. 

B. Alphanumeric Display and System Controls:  Arranged for interface between human 
operator at fire-alarm control unit and addressable system components including 
annunciation and supervision.  Display alarm, supervisory, and component status 
messages and the programming and control menu. 

1. Annunciator and Display:  Liquid-crystal type, 3 line(s) of 80 characters, 
minimum. 

2. Keypad:  Arranged to permit entry and execution of programming, display, and 
control commands and to indicate control commands to be entered into the 
system for control of smoke-detector sensitivity and other parameters. 

C. Circuits: 
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1. Initiating Device, Notification Appliance, and Signaling Line Circuits:  NFPA 72, 
Class A. 

a. Initiating Device Circuits:  Style D. 
b. Notification Appliance Circuits:  Style Z. 
c. Signaling Line Circuits:  Style 6 Style 7. 
d. Install no more than 50 addressable devices on each signaling line circuit. 

2. Initiating Device, Notification Appliance, and Signaling Line Circuits:  NFPA 72, 
Class B. 

a. Initiating Device Circuits:  Style B. 
b. Notification Appliance Circuits:  Style Y. 
c. Signaling Line Circuits:  Style 4.5. 
d. Install no more than 50 addressable devices on each signaling line circuit. 

3. Serial Interfaces:  Two RS-232 ports for printers. 

D. Smoke-Alarm Verification: 

1. Initiate audible and visible indication of an "alarm-verification" signal at fire-alarm 
control unit. 

2. Activate an NRTL-listed and -approved "alarm-verification" sequence at fire-
alarm control unit and detector. 

3. Record events by the system printer. 
4. Sound general alarm if the alarm is verified. 
5. Cancel fire-alarm control unit indication and system reset if the alarm is not 

verified. 

E. Notification Appliance Circuit:  

1. Audible appliances shall sound in a three-pulse temporal pattern, as defined in 
NFPA 72. 

2. Where notification appliances provide signals to sleeping areas, the alarm signal 
shall be a 520-Hz square wave with an intensity 15 dB above the average 
ambient sound level or 5 dB above the maximum sound level, or at least 75 dBA, 
whichever is greater, measured at the pillow. 

3. Visual alarm appliances shall flash in synchronization where multiple appliances 
are in the same field of view, as defined in NFPA 72. 

F. Door Controls:  Door hold-open devices that are controlled by smoke detectors at 
doors in smoke barrier walls shall be connected to fire-alarm system. 

G. Remote Smoke-Detector Sensitivity Adjustment:  Controls shall select specific 
addressable smoke detectors for adjustment, display their current status and sensitivity 
settings, and change those settings.  Allow controls to be used to program repetitive, 
time-scheduled, and automated changes in sensitivity of specific detector groups.  
Record sensitivity adjustments and sensitivity-adjustment schedule changes in system 
memory, and print out the final adjusted values on system printer. 
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H. Transmission to Remote Alarm Receiving Station:  Automatically transmit alarm, 
supervisory, and trouble signals to a remote alarm station. 

I. Printout of Events:  On receipt of signal, print alarm, supervisory, and trouble events.  
Identify zone, device, and function.  Include type of signal (alarm, supervisory, or 
trouble) and date and time of occurrence.  Differentiate alarm signals from all other 
printed indications.  Also print system reset event, including same information for 
device, location, date, and time.  Commands initiate the printing of a list of existing 
alarm, supervisory, and trouble conditions in the system and a historical log of events. 

J. Primary Power:  24-V dc obtained from 120-V ac service and a power-supply module.  
Initiating devices, notification appliances, signaling lines, trouble signals, supervisory 
and digital alarm communicator transmitters shall be powered by 24-V dc source. 

1. Alarm current draw of entire fire-alarm system shall not exceed 80 percent of the 
power-supply module rating. 

K. Secondary Power:  24-V dc supply system with batteries, automatic battery charger, 
and automatic transfer switch. 

1. Batteries:  Sealed lead calcium. 

L. Instructions:  Computer printout or typewritten instruction card mounted behind a 
plastic or glass cover in a stainless-steel or aluminum frame.  Include interpretation and 
describe appropriate response for displays and signals.  Briefly describe the functional 
operation of the system under normal, alarm, and trouble conditions. 

2.4 MANUAL FIRE-ALARM BOXES 

A. General Requirements for Manual Fire-Alarm Boxes:  Comply with UL 38.  Boxes shall 
be finished in red with molded, raised-letter operating instructions in contrasting color; 
shall show visible indication of operation; and shall be mounted on recessed outlet box.  
If indicated as surface mounted, provide manufacturer's surface back box. 

1. Double-action mechanism requiring two actions to initiate an alarm, pull-lever 
type; with integral addressable module arranged to communicate manual-station 
status (normal, alarm, or trouble) to fire-alarm control unit. 

2. Station Reset:  Key- or wrench-operated switch. 
3. Indoor Protective Shield:  Factory-fabricated clear plastic enclosure hinged at the 

top to permit lifting for access to initiate an alarm.  Lifting the cover actuates an 
integral battery-powered audible horn intended to discourage false-alarm 
operation. 

4. Weatherproof Protective Shield:  Factory-fabricated clear plastic enclosure 
hinged at the top to permit lifting for access to initiate an alarm. 

2.5 SYSTEM SMOKE DETECTORS 

A. General Requirements for System Smoke Detectors: 
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1. Comply with UL 268; operating at 24-V dc, nominal. 
2. Detectors shall be four-wire type. 
3. Integral Addressable Module:  Arranged to communicate detector status (normal, 

alarm, or trouble) to fire-alarm control unit. 
4. Base Mounting:  Detector and associated electronic components shall be 

mounted in a twist-lock module that connects to a fixed base.  Provide terminals 
in the fixed base for connection to building wiring. 

5. Sounder Base: Low frequency sounder bases are UL listed for low frequency 
operation and comply with NFPA 72 requirements for sleeping spaces. 

6. Self-Restoring:  Detectors do not require resetting or readjustment after actuation 
to restore them to normal operation. 

7. Integral Visual-Indicating Light:  LED type indicating detector has operated and 
power-on status. 

8. Remote Control:  Unless otherwise indicated, detectors shall be analog-
addressable type, individually monitored at fire-alarm control unit for calibration, 
sensitivity, and alarm condition and individually adjustable for sensitivity by fire-
alarm control unit. 

a. Rate-of-rise temperature characteristic shall be selectable at fire-alarm 
control unit for 15 or 20 deg F (8 or 11 deg C) per minute. 

b. Fixed-temperature sensing shall be independent of rate-of-rise sensing and 
shall be settable at fire-alarm control unit to operate at 135 or 155 deg F 
(57 or 68 deg C). 

c. Provide multiple levels of detection sensitivity for each sensor. 

B. Photoelectric Smoke Detectors: 

1. Detector address shall be accessible from fire-alarm control unit and shall be 
able to identify the detector's location within the system and its sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, shall 
be able to manually access the following for each detector: 

a. Primary status. 
b. Device type. 
c. Present average value. 
d. Present sensitivity selected. 
e. Sensor range (normal, dirty, etc.). 

C. Duct Smoke Detectors:  Photoelectric type complying with UL 268A. 

1. Detector address shall be accessible from fire-alarm control unit and shall be 
able to identify the detector's location within the system and its sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, shall 
be able to manually access the following for each detector: 

a. Primary status. 
b. Device type. 
c. Present average value. 
d. Present sensitivity selected. 
e. Sensor range (normal, dirty, etc.). 
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3. Weatherproof Duct Housing Enclosure:  NEMA 250, Type 4X; NRTL listed for 
use with the supplied detector. 

4. Each sensor shall have multiple levels of detection sensitivity. 
5. Sampling Tubes:  Design and dimensions as recommended by manufacturer for 

specific duct size, air velocity, and installation conditions where applied. 
6. Relay Fan Shutdown:  Rated to interrupt fan motor-control circuit. 

2.6 HEAT DETECTORS 

A. General Requirements for Heat Detectors:  Comply with UL 521. 

B. Heat Detector, Combination Type:  Actuated by either a fixed temperature of 135 deg F 
(57 deg C) or a rate of rise that exceeds 15 deg F (8 deg C) per minute unless 
otherwise indicated. 

1. Mounting:  Twist-lock base interchangeable with smoke-detector bases. 
2. Integral Addressable Module:  Arranged to communicate detector status (normal, 

alarm, or trouble) to fire-alarm control unit. 

C. Heat Detector, Fixed-Temperature Type:  Actuated by temperature that exceeds a 
fixed temperature of 190 deg F (88 deg C). 

1. Mounting:  Twist-lock base interchangeable with smoke-detector bases. 
2. Integral Addressable Module:  Arranged to communicate detector status (normal, 

alarm, or trouble) to fire-alarm control unit. 

2.7 NOTIFICATION APPLIANCES 

A. General Requirements for Notification Appliances:  Connected to notification appliance 
signal circuits, zoned as indicated, equipped for mounting as indicated and with screw 
terminals for system connections. 

1. Combination Devices:  Factory-integrated audible and visible devices in a single-
mounting assembly, equipped for mounting as indicated and with screw terminals 
for system connections. 

B. Horns:  Electric-vibrating-polarized type, 24-V dc; with provision for housing the 
operating mechanism behind a grille.  Comply with UL 464.  Horns shall produce a 
sound-pressure level of 90 dBA, measured 10 feet (3 m) from the horn, using the 
coded signal prescribed in UL 464 test protocol. 

C. Visible Notification Appliances:  Xenon strobe lights comply with UL 1971, with clear or 
nominal white polycarbonate lens mounted on an aluminum faceplate.  The word 
"FIRE" is engraved in minimum 1-inch- (25-mm-) high letters on the lens. 

1. Rated Light Output: 

a. 15/30/75/110 cd, selectable in the field. 

2. Mounting:  Wall mounted unless otherwise indicated. 
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3. For units with guards to prevent physical damage, light output ratings shall be 
determined with guards in place. 

4. Flashing shall be in a temporal pattern, synchronized with other units. 
5. Strobe Leads:  Factory connected to screw terminals. 
6. Mounting Faceplate:  Factory finished, red. 

2.8 MAGNETIC DOOR HOLDERS 

A. Description:  Units are equipped for wall or floor mounting as indicated and are 
complete with matching doorplate. 

1. Electromagnet:  Requires no more than 3 W to develop 25-lbf (111-N) holding 
force. 

2. Wall-Mounted Units:  Flush mounted unless otherwise indicated. 
3. Rating:  24-V ac or dc. 
4. Rating:  120-V ac. 

B. Material and Finish:  Match door hardware. 

2.9 REMOTE ANNUNCIATOR 

A. Description:  Annunciator functions shall match those of fire-alarm control unit for 
alarm, supervisory, and trouble indications.  Manual switching functions shall match 
those of fire-alarm control unit, including acknowledging, silencing, resetting, and 
testing. 

1. Mounting:  Flush cabinet, NEMA 250, Type 1. 

B. Display Type and Functional Performance:  Alphanumeric display and LED indicating 
lights shall match those of fire-alarm control unit.  Provide controls to acknowledge, 
silence, reset, and test functions for alarm, supervisory, and trouble signals. 

2.10 ADDRESSABLE INTERFACE DEVICE 

A. Description:  Microelectronic monitor module, NRTL listed for use in providing a system 
address for alarm-initiating devices for wired applications with normally open contacts. 

B. Integral Relay:  Capable of providing a direct signal to elevator controller to initiate 
elevator recall. 

2.11 CELLULAR/IP COMMUNICATOR 

A. The Cellular/IP Communicator shall connect directly to the primary and secondary 
analog fire alarm control panel telephone ports. 

B. The communicator shall communicate to GSM (cellular) networks in the area including 
2G, 3G and 4G. The multi-GSM platform technology automatically detects and 
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chooses the best network in the area based on signal strength and immediately self-
adjusts for operation. 

1. Supports both dynamic (DHCP) or Public and Private Static IP addressing. 
2. Communicates over any type of customer-provided Ethernet 10/100 Base 

network connection (LAN or WAN), DSL modem or cable modem. 
3. Data transmits over standard contact-ID protocol is secured with industry’s 

advanced encryption standard (AES 256-bit). 
4. Dual path communications: Uses Internet or GSM as primary. 
5. User programmable. 
6. Diagnostic LEDs: Signal strength and status indicator. 
7. IP and GSM tested every day. 
8. All circuits shall be power limited, per UL864 requirements. 

C. Functional Performance: When a fire alarm condition (Alarm, Supervisory or Trouble) is 
detected, the Fire Alarm Control Panel goes off-hook to dial the central station. The 
communicator Dialer Capture Module detects the off-hook condition and provides the 
fire panel with a dial tone. When the fire panel detects the dial tone, it begins dialing 
the central station. The Dialer Capture Module considers the three second period after 
dialing as the number dialing has been completed. After the dialing is completed, the 
Dialer Capture Module returns a handshake to the fire panel. The fire panel then sends 
the contact ID reports to the Dialer Capture Module, which in turn sends a kiss-off after 
the report is successfully received from the fire panel. The Dialer Capture Module 
sends the contact ID reports to the communications module. When all the reports are 
sent, the fire panel goes on-hook. The communications module then transmits the 
messages to the central station (either over the internet or the GSM network). 

2.12 DEVICE GUARDS 

A. Description:  Welded wire mesh of size and shape for the manual station, smoke 
detector, gong, or other device requiring protection. 

1. Factory fabricated and furnished by manufacturer of device. 
2. Finish:  Paint of color to match the protected device. 

PART 3 - EXECUTION 

3.1 WIRING METHODS 

A. All fire alarm wiring shall be installed in EMT in accordance with the requirements of 
Section 260533 Raceways for Electrical Systems. All conduits shall be red in color. All 
device back boxes shall be red in color. All junction box covers shall be red in color, 
labeled in accordance with the requirements of Section 260553 Identification for 
Electrical Systems. 
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3.2 EQUIPMENT INSTALLATION 

A. Comply with NFPA 72 for installation of fire-alarm equipment. 

B. Equipment Mounting:  Install fire-alarm control unit on concrete base with tops of 
cabinets not more than 72 inches (1830 mm) above the finished floor.  Comply with 
requirements for concrete base specified in Section 033000 "Cast-in-Place Concrete." 

1. Install seismic bracing.  Comply with requirements in Section 260548 "Vibration 
and Seismic Controls for Electrical Systems." 

2. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise 
indicated, install dowel rods on 18-inch (450-mm) centers around the full 
perimeter of concrete base. 

3. For supported equipment, install epoxy-coated anchor bolts that extend through 
concrete base and anchor into structural concrete floor. 

4. Place and secure anchorage devices.  Use setting drawings, templates, 
diagrams, instructions, and directions furnished with items to be embedded. 

5. Install anchor bolts to elevations required for proper attachment to supported 
equipment. 

C. Equipment Mounting:  Install fire-alarm control unit on finished floor with tops of 
cabinets not more than 72 inches (1830 mm) above the finished floor. 

1. Comply with requirements for seismic-restraint devices specified in 
Section 260548 "Vibration and Seismic Controls for Electrical Systems." 

D. Install wall-mounted equipment, with tops of cabinets not more than 72 inches (1830 
mm) above the finished floor. 

1. Comply with requirements for seismic-restraint devices specified in 
Section 260548 "Vibration and Seismic Controls for Electrical Systems." 

E. Smoke- or Heat-Detector Spacing: 

1. Comply with NFPA 72, "Smoke-Sensing Fire Detectors" Section in the "Initiating 
Devices" Chapter, for smoke-detector spacing. 

2. Comply with NFPA 72, "Heat-Sensing Fire Detectors" Section in the "Initiating 
Devices" Chapter, for heat-detector spacing. 

3. Smooth ceiling spacing shall not exceed 30 feet (9 m). 
4. Spacing of detectors for irregular areas, for irregular ceiling construction, and for 

high ceiling areas shall be determined according to Appendix A or Appendix B in 
NFPA 72. 

5. HVAC:  Locate detectors not closer than 5 feet (1.5 m) from air-supply diffuser or 
return-air opening. 

6. Lighting Fixtures:  Locate detectors not closer than 12 inches (300 mm) from any 
part of a lighting fixture. 

F. Duct Smoke Detectors:  Comply with NFPA 72 and NFPA 90A.  Install sampling tubes 
so they extend the full width of duct. 
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G. Heat Detectors in Elevator Shafts:  Coordinate temperature rating and location with 
sprinkler rating and location. 

H. Single-Station Smoke Detectors:  Where more than one smoke alarm is installed within 
a dwelling or suite, they shall be connected so that the operation of any smoke alarm 
causes the alarm in all smoke alarms to sound. 

I. Remote Status and Alarm Indicators:  Install near each smoke detector and each 
sprinkler water-flow switch and valve-tamper switch that is not readily visible from 
normal viewing position. 

J. Audible Alarm-Indicating Devices:  Install not less than 6 inches (150 mm) below the 
ceiling.  Install bells and horns on flush-mounted back boxes with the device-operating 
mechanism concealed behind a grille. 

K. Visible Alarm-Indicating Devices:  Install adjacent to each alarm bell or alarm horn and 
at least 6 inches (150 mm) below the ceiling. 

L. Device Location-Indicating Lights:  Locate in public space near the device they monitor. 

M. Fire-Alarm Control Unit:  Surface mounted, with tops of cabinets not more than 72 
inches (1830 mm) above the finished floor. 

N. Annunciator:  Install with top of panel not more than 72 inches (1830 mm) above the 
finished floor. 

3.3 CONNECTIONS 

A. For fire-protection systems related to doors in fire-rated walls and partitions and to 
doors in smoke partitions, comply with requirements in Section 087100 "Door 
Hardware." Connect hardware and devices to fire-alarm system. 

1. Verify that hardware and devices are NRTL listed for use with fire-alarm system 
in this Section before making connections. 

B. Make addressable connections with a supervised interface device to the following 
devices and systems.  Install the interface device less than 3 feet (1 m) from the device 
controlled.  Make an addressable confirmation connection when such feedback is 
available at the device or system being controlled. 

1. Smoke dampers in air ducts of designated air-conditioning duct systems. 
2. Alarm-initiating connection to elevator recall system and components. 
3. Alarm-initiating connection to activate emergency lighting control. 
4. Alarm-initiating connection to activate emergency shutoffs for gas and fuel 

supplies. 
5. Supervisory connections at valve supervisory switches. 
6. Supervisory connections at low-air-pressure switch of each dry-pipe sprinkler 

system. 
7. Supervisory connections at elevator shunt trip breaker. 
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3.4 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals.  Comply with requirements 
for identification specified in Section 260553 "Identification for Electrical Systems." 

B. Install framed instructions in a location visible from fire-alarm control unit. 

3.5 GROUNDING 

A. Ground fire-alarm control unit and associated circuits; comply with IEEE 1100.  Install a 
ground wire from main service ground to fire-alarm control unit. 

3.6 FIELD QUALITY CONTROL 

A. Field tests shall be witnessed by Architect and authorities having jurisdiction. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect, test, and adjust components, assemblies, and equipment installations, 
including connections. 

C. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service 
representative to inspect components, assemblies, and equipment installations, 
including connections, and to assist in testing. 

D. Contractor/Manufacturer Representative Tests and Inspections: 

1. Visual Inspection:  Conduct visual inspection prior to testing. 

a. Inspection shall be based on completed Record Drawings and system 
documentation that is required by NFPA 72 in its "Completion Documents, 
Preparation" Table in the "Documentation" Section of the "Fundamentals of 
Fire Alarm Systems" Chapter. 

b. Comply with "Visual Inspection Frequencies" Table in the "Inspection" 
Section of the "Inspection, Testing and Maintenance" Chapter in NFPA 72; 
retain the "Initial/Reacceptance" column and list only the installed 
components. 

2. System Testing:  Comply with "Test Methods" Table in the "Testing" Section of 
the "Inspection, Testing and Maintenance" Chapter in NFPA 72. 

3. Test audible appliances for the public operating mode according to 
manufacturer's written instructions.  Perform the test using a portable sound-level 
meter complying with Type 2 requirements in ANSI S1.4. 

4. Test audible appliances for the private operating mode according to 
manufacturer's written instructions. 

5. Test visible appliances for the public operating mode according to manufacturer's 
written instructions. 
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6. Factory-authorized service representative shall prepare the "Fire Alarm System 
Record of Completion" in the "Documentation" Section of the "Fundamentals of 
Fire Alarm Systems" Chapter in NFPA 72 and the "Inspection and Testing Form" 
in the "Records" Section of the "Inspection, Testing and Maintenance" Chapter in 
NFPA 72. 

E. Reacceptance Testing:  Perform reacceptance testing to verify the proper operation of 
added or replaced devices and appliances. 

F. The engineer shall then be informed by written notification that the system is complete 
per specifications and plans, that the 100% system test was completed and is ready for 
the Engineer’s acceptance test. 

G. Fire-alarm system will be considered defective if it does not pass tests and inspections. 

H. The contractor shall notify the Engineer two (2) weeks in advance to schedule the 
Engineer’s acceptance test of the completed system. 

I. Engineer of Record Test and Inspections: 

1. The Engineer, in the presence of the contractor and an authorized factory-trained 
representative of the manufacturer, shall perform an acceptance test to verify 
compliance with the plans, specifications and applicable codes.   

2. The contractor shall assist the engineer with the test.   
3. The test shall be directed and controlled by the Engineer.   
4. The contractor shall provide two-way radios, ladders and any other materials 

needed to test the system (smoke candles, test smoke, etc.). 

J. After the Engineers acceptance test has been successfully completed and all 
deficiencies have been corrected, the installing contractor shall provide specific 
documentation for the fire alarm system.  This documentation shall include but is not 
limited to the following: 

1. System Status and Program Printout. 
2. System Operation Matrix. 
3. As-Built Drawings. 
4. Two Bound Copies of General System Information for the Owner. 
5. Site Specified Programming, on a Diskette or CD as Appropriate. 
6. For buildings with a smoke control or smoke purge system, an HVAC balance 

report in the smoke control/purge mode. 

K. After testing and correction of deficiencies have been completed the contractor shall 
provide site specified FACP programming on a diskette or CD as appropriate for 
review.  This process shall be repeated until there are no further errors or corrections 
to the database. 

L. Prepare test and inspection reports. 

M. Annual Test and Inspection:  One year after date of Substantial Completion, test fire-
alarm system complying with visual and testing inspection requirements in NFPA 72.  
Use forms developed for initial tests and inspections. 
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3.7 FINAL DOCUMENTATION 

A. After all system corrections have been made provide to the engineer the following 
documentation. 

1. Riser diagram(s) showing all fire alarm panels, power booster panels, fire alarm 
devices and terminal boxes.  The diagram shall represent how the devices are 
connected to the fire alarm system and shall be suitable for trouble shooting the 
fire alarm system connections. 

2. Documentation shall be provided in CAD file format compatible with the 
engineer’s CAD files for the project. 

3. The contractor shall make all corrections to the file(s) as directed by the 
engineer. 

3.8 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain fire-alarm system. Contractor shall be 
responsible for coordinating the presence of all interested parties for the training 
sessions. 

3.9 TRAINING:  

A. Training shall cover the following topics at a minimum: 

1. Preventative maintenance service techniques and schedules, including historical 
data trending of alarm and trouble records. 

2. Overall system concepts, capabilities, and functions. Training shall be in-depth, 
so that the owner shall be able to add or delete devices to the system and to take 
any device out of service and return any device to service without need for 
Manufacturer’s approval. 

3. Explanation of all control functions, including training to program and operate the 
system software. 

4. Methods and means of troubleshooting and replacement of all field wiring and 
devices. 

5. Methods and procedures for troubleshooting the main fire alarm control panel, 
including field peripheral devices as to programming, bussing systems, internal 
panel and unit wiring, circuitry and interconnections. 

6. Manuals, drawings, and technical documentation.  Actual system software used 
for training shall be provided on Compact Disk (CD) and shall be left with the 
Owner at the completion of training for the Owner’s use in the future. Provide 3 
hard copies of all documentation.  

7. Classes and testing necessary to license attendees to program and service the 
fire alarm system, including hardware and software.  Certification shall be such 
as to allow attendees direct access to factory technical support. 

8. Training classes shall be recorded using a video camera and microphone. 
Provide 3 copies of the video tapes to the owner at the completion of training for 
the Owner’s use in the future. 
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END OF SECTION 283111 
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