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DATE MARK DESCRIPTION

SCOPE OF WORK

1.  THE COLLEGE PLANS TO TAKE BUILDING 112 OFF THE LOOP FROM THEIR 
CENTRAL ENERGY PLANT.  A BOILER WAS PREVIOUSLY ADDED TO THE BUILDING.  
THE PURPOSE OF THIS PROJECT IS TO ADD A CHILLER TO SERVE BUILDING 112.  THE 
CHILLER WILL BE PLACED IN A NEARBY PARKING LOT.  THE WATER PIPING WILL 
ENTER THE BUILDING WHERE THE CURRENT CHILLED WATER LINE ENTERS.  
EXISTING PIPING INSIDE THE BUILDING WILL BE REUSED.  

2.  SINCE THE BUILDING IS NOT BEING EXPANDED AND NO ARCHITECTURAL WORK IS 
BEING DONE, THE WORK FALLS UNDER LEVEL 1 ALTERATIONS OF THE 2018 
INTERNATIONAL EXISTING BUILDING CODE (IEBC). ALL WORK WILL MEET WITH 
REQUIREMENTS OF THE FOLLOWING CODES:

INTERNATIONAL MECHANICAL CODE, 2018 EDITION
INTERNATIONAL PLUMBING CODE, 2018 EDITION
NATIONAL ELECTRICAL CODE, 2017 EDITION



C1.1

NOTES &
LEGEND

OBJECTS AND SYMBOLS
Benchmark

Sanitary Sewer Manhole

Sanitary Sewer Manhole ID #

Sanitary Sewer Cleanout

Double Sanitary Sewer Service (Residential Only)

Single Sanitary Sewer Service (Residential Only)

TYPE 16 Storm Drainage Structure

Storm Drainage Structure ID #

Telephone Box

Telephone Manhole

Electrical Box

Electrical Manhole

Power Pole

Light Pole

Fire Hydrant Assembly

Water Line Valve

Water Line Reducer

Single Water Service (Residential Only)

Double Water Service (Residential Only)

Water Blowoff

Sign

ADA Accessible Parking Space

Spot Elevation

Detail ID #

Watershed Area

Revision ID #

Parking Count ID #

Lot #

EXISTING NEW
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

X.XX

MH

Ac

C

S

T

T

E

E

Keynote N/A

YI

TYPE 17 Storm Drainage Structure (Right)

TYPE 17 Storm Drainage Structure (Left)

TYPE 18 Storm Drainage Structure

Catch Basin

Isolation Box

Storm Drainage Junction Structure

Yard Inlet

OBJECTS AND SYMBOLS

Adjoining Property Line

Centerline

Easement

Setback

Sanitary Sewer (Gravity)

Sanitary Sewer (Force Main)

Water Line

Curb & Gutter (Straight)

(Same as Existing)

(Same as Existing)

Curb & Gutter (Roll)

Storm Drain

Roof Drain

Subsurface Drainage

Silt Fence, Standard

Silt Fence, Reinforced

Phase Line

Watershed Limit

Flood Zone

Conduit

Natural Gas

Overhead Electrical

Underground Electrical

Underground Telephone

Underground Cable

N/A

N/A

Underground Fiber Optic

Fence

Elevation Contour

Revision Cloud (Encloses Revision) N/A

N/AWater Line Bends, Angle Varies

DRAWING LEGEND

22 22

EXISTING NEW

TYPE 1 Storm Drainage Structure

N/A

(Width varies with size)

N/A

X.XX

#

ZONE 'X'
ZONE 'AE'

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
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before you dig.Call
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#

#

#

#

X.XX

#
#

#
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843.884.1667

GREENVILLE, SC
864.298.0534

WWW.SEAMONWHITESIDE.COM

SUMMERVILLE, SC
843.972.0710

SPARTANBURG, SC
864.272.1272

CHARLOTTE, NC
980.312.5450
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LOD = ±.015 AC

STRIPING, PAVING, AND CURB
& GUTTER IN HATCH AND IN A
DARKER COLOR TO BE
REMOVED UNLESS NOTED
OTHERWISE
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SCALE: 1" = 40'
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SURVEY NOTE:

EXISTING ELEVATIONS BASED ON TOPOGRAPHIC SURVEY
PROVIDED BY FREELAND & ASSOCIATES, INC. DATED JUNE 12, 2019.

C2.0

EXISTING
CONDITIONS &
DEMOLITION
PLAN



LOD = ±.015 AC

SEDIMENT TUBE

INLET PROTECTION TYPE F
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SURVEY NOTE:

EXISTING ELEVATIONS BASED ON TOPOGRAPHIC SURVEY
PROVIDED BY FREELAND & ASSOCIATES, INC. DATED JUNE 12, 2019.

C3.0

EROSION &
SEDIMENT
CONTROL PLAN

SEDIMENT AND EROSION CONTROL PHASE 1 SEQUENCE OF CONSTRUCTION:

1. OBTAIN ALL NECESSARY PERMITS AND APPROVAL FROM THE CITY OF GREENVILLE AND SCDHEC. AFTER RECEIVING PLAN
AND PERMIT APPROVAL, SCHEDULE AN ONSITE PRE-CONSTRUCTION MEETING WITH THE ENGINEER, OWNER, CONTRACTOR,
AND CITY OF GREENVILLE INSPECTOR BEFORE ANY MOBILIZATION OR WORK IS PERFORMED.

2. INSTALL CONCRETE WASHOUT BASIN.  CONTRACTOR TO COORDINATE LOCATION OF THE CONCRETE WASHOUT BASIN, AS
NECESSARY, WITHIN LIMITS OF DISTURBANCE..

3. INSTALL SEDIMENT TUBES AS SHOWN. DO NOT REMOVE VEGETATION OR TREES OUTSIDE OF THE LIMITS OF DISTURBANCE.
4. INSTALL TEMPORARY LAVATORY AND CONSTRUCTION DEBRIS ENCLOSURE. CONTRACTOR TO COORDINATE EXACT

LOCATIONS AS SITE CONDITIONS ALLOW.
5. INSTALL TYPE F INLET PROTECTION ON EXISTING INLETS WHERE SHOWN.
6. AFTER INSTALLATION OF PERIMETER SEDIMENT TUBES AND INLET PROTECTION, CONTRACTOR MAY BEGIN DEMOLITION

ACTIVITIES PER THE DEMOLITION PLAN. CONTRACTOR TO REMOVE ALL DEMOLITION DEBRIS FROM THE SITE PER ALL LOCAL,
STATE, AND FEDERAL REGULATIONS.

7. BEGIN PAVING OPERATIONS.
8. INSTALL PERMANENT SEEDING AND LANDSCAPING ON THE SITE.
9. CONTACT ENGINEER TO BEGIN CLOSE OUT PROCEDURES FOR THE PROJECT NO LATER THAN 30 DAYS BEFORE PROJECT

COMPLETION. SET UP INITIAL CLOSE OUT INSPECTION WITH THE ENGINEER AND CITY ENGINEER INSPECTOR.
10. COMPLETE CORRECTION LIST FROM INITIAL CLOSE OUT INSPECTION. SCHEDULE FINAL CLOSE OUT INSPECTION WITH

ENGINEER AND CITY ENGINEER INSPECTOR.
11. REMOVE (FLUSH) ALL SEDIMENT FROM STORM DRAIN PIPES AND STRUCTURES, AS NECESSARY.
12. REMOVE ALL TEMPORARY EROSION AND SEDIMENT CONTROL DEVICES ONCE SITE IS COMPLETELY STABILIZED.
13. PERFORM GENERAL CLEANUP OF THE SITE.
14. SUBMIT NOTICE OF TERMINATION TO CITY OF GREENVILLE AND SCDHEC.

South Carolina Department of
Health and Environmental Control

Type F

DATE

South Carolina Department of
Health and Environmental Control

Type F

DATE

MAX. SEDIMENT TUBE SPACINGSLOPE

4%

SEDIMENT TUBE SPACING

3%
2%

LESS THAN 2%

50-FEET
40-FEET
30-FEET
25-FEET

5%
6%

GREATER THAN 6%

150-FEET
100-FEET
75-FEET

S

E
W

N



LOD = ±.015 AC

6.0

5.0

5.0

6.0

6.0

4.0

10.0

3.0

5.5

NEW 8' TALL VINYL COATED
CHAIN LINK FENCING (MERCHANT

METALS). REFER TO DETAIL

DOUBLE GATE (8') ON FENCE

NEW 18" CURB AND GUTTER

8' x 24'-3" AIR COOLED CHILLER
ON A 8.5' x 24'-9" PAD

DUKE SMALL PIT PAD
(REFER TO DETAIL)
CONTRACTOR TO FURNISH
AND INSTALL

LANDSCAPE ISLAND TW:882.80

TW:882.80 BW:883.11

BW:883.11

BW:880.73

BW:881.49 TW:884.74

TW:884.00

PAD: 882.95
881

885882.95

882.95

883

EXTEND CONCRETE SIDEWALK TO CURB

NEW 6' TALL VINYL COATED CHAIN
LINK FENCING (MERCHANT
METALS). REFER TO DETAIL

8"

8"
VA

RI
ES

6" CONCRETE
RETAINING WALL,
POURED IN PLACE, 3000
PSI @ 28 DAYS,
EXTERIOR FINISH TO BE
DETERMINED; #4 VERT.
REBAR SPACED 14"
O.C., HOOK AS SHOWN

FINISHED GRADE

COMPACTED SUBGRADE 98% SP

#4 REBAR; 14" BOTH WAYS

8" CONCRETE
SLAB, 3000 PSI

@ 28 DAYS

8"

VA
RI

ES

6" CONCRETE
RETAINING WALL,
POURED IN PLACE, 3000
PSI @ 28 DAYS,
EXTERIOR FINISH TO BE
DETERMINED; #4 VERT.
REBAR SPACED 14"
O.C., HOOK AS SHOWN

FINISHED GRADE

COMPACTED SUBGRADE 98% SP

#4 REBAR; 14" BOTH WAYS

8" CONCRETE
SLAB, 3000 PSI
@ 28 DAYS

8"

0 20 40 80
SCALE: 1" = 40'
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SURVEY NOTE:

EXISTING ELEVATIONS BASED ON TOPOGRAPHIC SURVEY
PROVIDED BY FREELAND & ASSOCIATES, INC. DATED JUNE 12, 2019.

C4.0

SITE PLAN

18" STRAIGHT CURB AND GUTTER
(NOT TO SCALE)

CAST IN PLACE RETAINING WALL (LESS THAN 30" HIGH)
(NOT TO SCALE)

S

E
W

N

CAST IN PLACE RETAINING WALL (LESS THAN 30" HIGH)
(NOT TO SCALE)

DOUBLE GATE ON FENCEDOUBLE GATE ON FENCE

STEPPED FOOTER
REFER TO
ELEVATIONS BELOW

8' FENCE6' FENCE

TRANSFORMER PAD

STEPPED FOOTER
REFER TO

ELEVATIONS BELOW

WALL FACE (TYP)
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PROJECT NOTES

1. THE PROJECT IS ADDING A DEDICATED CHILLER TO BUILDING 112.

2. THE MAIN EQUIPMENT INCLUDES A NEW CHILLER AND PUMPS.

3. ALL WORK SHALL COMPLY WITH THE 2018 INTERNATIONAL MECHANICAL, PLUMBING (WITH INSERTIONS) AND BUILDING CODE, 2020 EDITION OF OSE PROJECT MANUAL, AND ALL LOCAL CODES. 

4. THE ENTIRE BUILDING CHILLED WATER SYSTEM SHALL BE TESTED, ADJUSTED AND BALANCED BY AN INDEPENDENT CONTRACTOR PER INDUSTRY STANDARDS.  BALANCE REPORTS SHALL BE SUBMITTED TO ENGINEER 
AND OWNER FOR REVIEW. THE WORK SHALL BE COMPLETED AFTER ALL INSTALLATION IS COMPLETE INCLUDING OWNER' SCOPE..

CONTROLS AND CW PUMP VFDs WILL BE FURNISHED AND INSTALLED BY OWNER

1. GREENVILLE TECHNICAL COLLEGE (OWNER) WILL SELF-PERFORM ALL CONTROL WORK AND INTERLOCK WIRING NOT SPECIFICALLY NOTED TO BE PERFORMED BY THE CONTRACTOR.  OWNER WILL PROVIDE ALL 
CONTROL DEVICES AND WILL BE RESPONSIBLE FOR ALL CONTROL AND INTERLOCK WIRING FOR CHILLED WATER (CW) SYSTEM INCLUDING FIBER OPTIC COMMUNICATIONS CABLE FROM BUILDING TO REQUIRED BACNET 
INTERFACE MODULE PROVIDED BY THE CHILLER MANUFACTURER.  CHILLER COMMUNICATION WIRING WILL BE TERMINATED PER DIAGRAMS PROVIDED BY THE CHILLER MANUFACTURER.  FIBER OPTIC CABLE WILL BE 
INTERFACED TO BACNET BUS USING S.I. TECH MODEL 2110 FIBER DRIVERS.  CHILLER TO BE FURNISHED WITH FACTORY WIRED INTEGRAL FLOW SWITCH.

2. THE CHILLED WATER PUMP VFDs WILL BE FURNISHED, INSTALLED, AND WIRED (POWER AND CONTROLS) BY OWNER.

3. OWNER WILL REMOVE ANY EXISTING CONTROL DEVICES FROM ALL SECTIONS OF CW PIPE TO BE REMOVED IN MECHANICAL EQUIPMENT ROOM 013 PRIOR TO DEMOLITION.

CHILLED WATER SYSTEM SEQUENCE OF OPERATION

GENERAL:

1. ENABLE/DISABLE {START/STOP} CONTROL OF CHILLER AND CHILLED WATER PUMPS WILL BE PROVIDED THROUGH THE EXISTING JCI METASYS BUILDING AUTOMATION SYSTEM (BAS). 

2. THE BAS WILL PROVIDE STATUS AND ALARM MONITORING FOR EACH CHILLED WATER SYSTEM COMPONENT INCLUDING CHILLER STATUS AND DIAGNOSTICS PROVIDED BY THE CCP THROUGH THE REQUIRED BACNET 
INTERFACE. 

3. THE CHILLER MANUFACTURER CONTROL PANEL (CCP) WILL CONTROL THE CHILLER AND ITS INTEGRAL START/STOP/SAFETY AND CHILLED WATER TEMPERATURE CONTROL FUNCTIONS.

CW SYSTEM ENABLE/DISABLE:

1. THE CW SYSTEM WILL BE ENABLED WHEN ANY BUILDING AHU IS IN OPERATION AND THE OUTDOOR AIR TEMPERATURE (OAT) IS ABOVE 55°F (ADJ).  CW SYSTEM ENABLE WILL INITIATE STARTUP OF CHILLER AND LEAD 
CHILLED WATER PUMP.

2. ALL CHILLER SAFETY CONDITIONS MUST BE SATISFIED FOR CW SYSTEM STARTUP TO PROCEED.  IF ANY SYSTEM CONDITIONS ARE NOT NORMAL OR CHILLER DIAGNOSTICS ARE INDICATED BY THE CCP, AN ALARM 
MESSAGE WILL BE GENERATED INDICATING THE SPECIFIC STARTUP PROBLEM.  IF THERE ARE NO ALARM CONDITIONS BOTH THE CHILLER WILL BE ENABLED AND THE LEAD CW PUMP WILL BE ENABLED. 

CHILLER CONTROL AND SEQUENCING:

1. CHILLER INTEGRAL FLOW SWITCH WILL BE INTERLOCKED WITH CHILLER CCP. CHILLER WILL START WHEN CW FLOW THROUGH THE CHILLER IS PROVEN.  THE CCP WILL CONTROL ALL CHILLER FUNCTIONS TO MAINTAIN 
THE CHILLED WATER SUPPLY TEMPERATURE SET POINT AT 44 °F (ADJ) AS SEEN BY THE INTEGRAL SUPPLY TEMPERATURE SENSOR.

CW PUMP CONTROL AND SEQUENCING:

1. ON CW SYSTEM STARTUP, THE LEAD PUMP WILL RAMP UP TO A MINIMUM SPEED (ADJ) DETERMINED BY T&B CONTRACTOR TO PROVIDE THE CHILLER MANUFACTURER'S PUBLISHED MINIMUM CW FLOW. 

2. LEAD CW PUMP SPEED WILL BE CONTROLLED TO MAINTAIN THE BUILDING CW SYSTEM DIFFERENTIAL PRESSURE SET POINT (ADJ) AS SEEN BY THE CW DIFFERENTIAL PRESSURE TRANSMITTER INSTALLED AT AC-6.  THE 
CW SYSTEM DIFFERENTIAL PRESSURE SET POINT WILL BE DETERMINED BY T&B CONTRACTOR AS MINIMUM E.O.L. SYSTEM PRESSURE REQUIRED TO PROVIDE DESIGN CW FLOW TO BUILDING AHUs.  

3. ON A DROP IN DIFFERENTIAL PRESSURE BELOW THE SET POINT, THE LEAD CHILLED WATER LOOP PUMP SPEED WILL BE INCREASED TO MAINTAIN THE SYSTEM DIFFERENTIAL PRESSURE SET POINT.

4. ON A CONTINUED DROP IN SYSTEM DIFFERENTIAL PRESSURE, WITH THE LEAD CW PUMP OPERATING AT 90%, THE CONTROL SYSTEM WILL ENABLE THE LAG CW PUMP.  CW PUMPS WILL THEN BE OPERATED TOGETHER AT 
THE SAME SPEED TO MAINTAIN THE SYSTEM DIFFERENTIAL PRESSURE SET POINT.

5. WITH BOTH LEAD AND LAG CW PUMPS OPERATING, ON A RISE IN SYSTEM DIFFERENTIAL PRESSURE AND PUMP SPEEDS REDUCED TO 45%, THE LAG CW PUMP WILL BE DISABLED.  THE LEAD CW PUMP SPEED WILL THEN 
BE INCREASED TO MAINTAIN THE SYSTEM DIFFERENTIAL PRESSURE SET POINT.

6. THE DESIGNATED LEAD CW PUMP WILL BE ROTATED BY THE BAS TO EQUALIZE PUMP RUN TIMES (ADJ).  LEAD PUMP CAN BE MANUALLY SELECTED AND LAG PUMP DISABLED FOR MAINTENANCE. 

ALARMS AND FAILURE MODES:

1. ALL CHILLER SAFETY CONDITIONS MUST BE SATISFIED FOR CW SYSTEM STARTUP TO OCCUR.  IF ANY SYSTEM CONDITIONS ARE NOT NORMAL OR CHILLER DIAGNOSTICS ARE INDICATED BY THE CCP, AN ALARM MESSAGE 
WILL BE GENERATED INDICATING THE SPECIFIC STARTUP PROBLEM.

2. THE BAS WILL PROVIDE ENUNCIATION OF CHILLER DIAGNOSTIC ALARMS PROVIDED BY THE CCP THROUGH THE REQUIRED BACNET INTERFACE AND ADJUSTABLE ALARM LIMITS ON ALL CW SYSTEM SENSORS.

3. UPON A FAILURE OF THE LEAD CW PUMP TO OPERATE, AN ALARM MESSAGE WILL BE GENERATED, THE LEAD CW PUMP DISABLED AND THE LAG CW PUMP ENABLED. 

C

C

DATE MARK DESCRIPTION
09/02/2020 A ISSUED FOR REVIEW
10/02/2020 B ISSUED FOR REVIEW
1/15/2021 C CONSTRUCTION



SECTION 23 05 13
COMMON MOTOR REQUIREMENTS FOR HVAC 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, horizontal, small and medium, squirrel-cage induction motors for 
use on alternating-current power systems up to 600 V 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.

PART 2 - PRODUCTS
2.1 GENERAL MOTOR REQUIREMENTS

A. Comply with NEMA MG 1 unless otherwise indicated.
B. Comply with IEEE 841 for severe-duty motors.

2.2 MOTOR CHARACTERISTICS
A. Duty: Continuous duty at ambient temperature of 40 deg C 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.
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. Multispeed Motors: Variable torque.

1. For motors with 2:1 speed ratio, consequent pole, single winding.
2. For motors with other than 2:1 speed ratio, separate winding for each speed.

E. Multispeed Motors: Separate winding for each speed.
F. Rotor: Random-wound, squirrel cage.
G. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.
H. Temperature Rise: Match insulation rating.
I. Insulation:  Class F.
J. 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.

K. 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.

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 (Not Applicable)

END OF SECTION

23 05 17
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. Stack-sleeve fittings.
3. Sleeve-seal systems.
4. Sleeve-seal fittings.
5. Grout.
6. Silicone sealants.

1.3 ACTION SUBMITTALS
A. Product Data: For each type of product.

1.4 INFORMATIONAL SUBMITTALS
A. Field quality-control reports.

PART 2 - PRODUCTS
2.1 SLEEVES

A. 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. Other approved manufacturers.

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.
E. PVC Pipe Sleeves: ASTM D 1785, Schedule 40.
F. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.
G. Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer surface with nailing flange for attaching to wooden forms.

2.2 STACK-SLEEVE FITTINGS
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

1. Jay R. Smith Mfg. Co.
2. Zurn Industries, LLC.
3. Other approved manufacturers.

B. Description: Manufactured, Dura-coated, Duco-coated, or galvanized cast-iron sleeve with integral clamping flange for use in waterproof floors and roofs. 
Include clamping ring, bolts, and nuts for membrane flashing.
1. Underdeck Clamp: Clamping ring with setscrews.

2.3 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. Other approved manufacturers.

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, High-temperature-silicone, or Nitrile (Buna N) 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, Composite plastic, Stainless steel, or Stainless steel, Type 316.
5. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, ASTM B 633 Stainless steel or Stainless steel, Type 316 of length 

required to secure pressure plates to sealing elements.
2.4 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. Other approved manufacturers.

B. Description: Manufactured plastic, sleeve-type, waterstop assembly made for imbedding in concrete slab or wall.
C. Plastic or rubber waterstop collar with center opening to match piping OD.

2.5 GROUT
A. Description: Non-shrink, 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.

2.6 SILICONE SEALANTS
A. Silicone, S, NS, 25, NT: Single-component, non-sag, plus 25 percent and minus 25 percent movement capability, nontraffic-use, neutral-curing silicone 

joint sealant, ASTM C 920, Type S, Grade NS, Class 25, Use NT.
1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. Dow Corning Corporation.
b. GE Construction Sealants; Momentive Performance Materials Inc.
c. Polymeric Systems, Inc.
d. Schnee-Morehead, Inc., an ITW company.
e. Sherwin-Williams Company (The).

B. Silicone, S, P, 25, T, NT: Single-component, pourable, plus 25 percent and minus 25 percent movement capability, traffic- and nontraffic-use, neutral-
curing silicone joint sealant; ASTM C 920, Type S, Grade P, Class 25, Uses T and NT. Grade P Pourable (self-leveling) formulation is for opening in 
floors and other horizontal surfaces that are not fire rated.
1. Manufacturers: Subject to compliance with requirements, provide products by the following:

a. May National Associates, Inc.; a subsidiary of Sika Corporation.
b. Other approved manufacturers

C. Silicone Foam: Multicomponent, silicone-based liquid elastomers that, when mixed, expand and cure in place to produce a flexible, non-shrinking foam.
1. Manufacturers: Subject to compliance with requirements, provide products by the following:

a. Smooth-On.
b. Other approved manufacturers.

PART 3 - EXECUTION
3.1 SLEEVE INSTALLATION

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

C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls are constructed.
1. Permanent sleeves are not required for holes in slabs formed by molded-PE or -PP sleeves.
2. 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.
3. Using grout or silicone sealant, seal the space outside of sleeves in slabs and walls without sleeve-seal system.

D. 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 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.

E. 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 07 84 13 "Penetration Firestopping."
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3.2 STACK-SLEEVE-FITTING INSTALLATION
A. Install stack-sleeve fittings in new slabs as slabs are constructed.

1. Install fittings that are large enough to provide 1/4-inch annular clear space between sleeve and pipe or pipe insulation.
2. Secure flashing between clamping flanges for pipes penetrating floors with membrane waterproofing. Comply with requirements for flashing 

specified in Section 07 62 00 "Sheet Metal Flashing and Trim."
3. Install section of cast-iron soil pipe to extend sleeve to 2 inches above finished floor level.
4. Extend cast-iron sleeve fittings below floor slab as required to secure clamping ring if ring is specified.
5. Use silicone sealant to seal the space around outside of stack-sleeve fittings.

B. Fire-Resistance-Rated Penetrations, Horizontal Assembly Penetrations, and Smoke Barrier Penetrations: Maintain indicated fire or smoke rating of floors 
at pipe penetrations. Seal pipe penetrations with fire- and smoke-stop materials. Comply with requirements for firestopping specified in Section 07 84 13 
"Penetration Firestopping."

3.3 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.

3.4 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 or silicone sealant to seal the space around outside of sleeve-seal fittings.

3.5 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.

3.6 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:  Cast-iron pipe sleeves, Steel pipe sleeves, or Sleeve-seal fittings Insert material.
b. Piping NPS 6 and Larger:  Cast-iron pipe sleeves, Steel pipe sleeves, Sleeve-seal fittings.

2. Exterior Concrete Walls below Grade:
a. Piping Smaller Than NPS 6:  Cast-iron pipe sleeves with sleeve-seal system, Steel pipe sleeves with sleeve-seal system, or Sleeve-

seal fittings.
1) Select sleeve size to allow for 1-inch annular clear space between piping and sleeve for installing sleeve-seal system.

b. Piping NPS 6 and Larger:  Cast-iron pipe sleeves with sleeve-seal system, Steel pipe sleeves with sleeve-seal system, or Sleeve-seal 
fittings.
1) Select sleeve size to allow for 1-inch annular clear space between piping and sleeve for installing sleeve-seal system.

3. Concrete Slabs-on-Grade:
a. Piping Smaller Than NPS 6:  Cast-iron pipe sleeves with sleeve-seal system, Steel pipe sleeves with sleeve-seal system, or Sleeve-

seal fittings.
1) Select sleeve size to allow for 1-inch annular clear space between piping and sleeve for installing sleeve-seal system.

b. Piping NPS 6 and Larger:  Cast-iron pipe sleeves with sleeve-seal system, Steel pipe sleeves with sleeve-seal system, or Sleeve-seal 
fittings.
1) Select sleeve size to allow for 1-inch Insert dimension annular clear space between piping and sleeve for installing sleeve-seal 
system.

4. Concrete Slabs above Grade:
a. Piping Smaller Than NPS 6:  Steel pipe sleeves, PVC pipe sleeves, Stack-sleeve fittings, Sleeve-seal fittings, Molded-PE or -PP 

sleeves Molded-PVC sleeves.
b. Piping NPS 6 and Larger:  Steel pipe sleeves, PVC pipe sleeves, or Stack-sleeve fittings.

5. Interior Partitions:
a. Piping Smaller Than NPS 6:  Steel pipe sleeves or PVC pipe sleeves.
b. Piping NPS 6 and Larger:  Galvanized-steel sheet sleeves.

END OF SECTION

SECTION 23 05 29
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. Fiberglass pipe hangers.
4. Metal framing systems.
5. Fiberglass strut systems.
6. Thermal-hanger shield inserts.
7. Fastener systems.
8. Pipe stands.
9. Equipment supports.

1.3 ACTION SUBMITTALS
A. Product Data: For each type of product.
B. Shop Drawings:  Show fabrication and installation details and include calculations for the following; include Product Data for components:

1. Trapeze pipe hangers.
2. Metal framing systems.
3. Fiberglass strut systems.
4. Pipe Stands.
5. Equipment supports.

C. Delegated-Design Submittal: For trapeze hangers 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 trapeze hangers.
2. Include design calculations for designing trapeze hangers.

1.4 INFORMATIONAL SUBMITTALS
A. Welding certificates.

1.5 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.

PART 2 - PRODUCTS
2.1 PERFORMANCE REQUIREMENTS

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 01 40 00 "Quality Requirements," to design trapeze pipe hangers and 
equipment supports.

B. 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 and obtain approval from authorities having jurisdiction.

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 or stainless 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-plated steel, factory-fabricated components.
2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-plated steel or stainless 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 FIBERGLASS PIPE HANGERS

A. Clevis-Type, Fiberglass Pipe Hangers:
1. Description: Similar to MSS SP-58, Type 1, factory-fabricated steel pipe hanger except hanger is made of fiberglass or fiberglass-reinforced 

resin.
2. Hanger Rods: Continuous-thread rod, washer, and nuts made of fiberglass or stainless steel.
3. Flammability: ASTM D 635, ASTM E 84, and UL 94.

B. Strap-Type, Fiberglass Pipe Hangers:
1. Description: Similar to MSS SP-58, Type 9 or Type 10, steel pipe hanger except hanger is made of fiberglass-reinforced resin.

a. Flammability: ASTM D 635, ASTM E 84, and UL 94.
2. Hanger Rod and Fittings: Continuous-thread rod, washer, and nuts made of stainless steel.

2.5 PLASTIC PIPE HANGERS
A. Description: Similar to MSS SP-58, Types 1 through 58, factory-fabricated steel pipe hanger except hanger is made of plastic.
B. Hanger Rods: Continuous-thread rod, nuts, and washer made of galvanized steel or stainless steel.
C. Flammability: ASTM D 635, ASTM E 84, and UL 94.

2.6 METAL FRAMING SYSTEMS
A. MFMA Manufacturer Metal Framing Systems:

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. B-line, an Eaton business.
b. Flex-Strut Inc.
c. G-Strut.
d. Unistrut; Part of Atkore International.

2. Description: Shop- or field-fabricated, pipe-support assembly made of steel channels, accessories, fittings, and other components for 
supporting multiple parallel pipes.

3. Standard: Comply with MFMA-4 factory-fabricated components for field assembly.
4. Channels: Continuous slotted carbon-steel or stainless-steel, Type 304 channel with inturned lips.
5. Channel Width: Selected for applicable load criteria.
6. Channel Nuts: Formed or stamped nuts or other devices designed to fit into channel slot and, when tightened, prevent slipping along channel.
7. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel or stainless steel.
8. Metallic Coating:  Plain, Pregalvanized G90, Electroplated zinc or Hot-dip galvanized.
9. Paint Coating:  Green epoxy, acrylic, or urethane.
10. Plastic Coating:  PVC.

B. Non-MFMA Manufacturer Metal Framing Systems:
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. Anvil International.
b. Carpenter & Paterson, Inc.
c. Gripple Inc.
d. MIRO Industries.
e. PHD Manufacturing, Inc.

2. Description: Shop- or field-fabricated, pipe-support assembly made of steel channels, accessories, fittings, and other components for 
supporting multiple parallel pipes.

3. Standard: Comply with MFMA-4 factory-fabricated components for field assembly.
4. Channels: Continuous slotted carbon-steel or stainless-steel channel with inturned lips.
5. Channel Width: Select for applicable load criteria.
6. Channel Nuts: Formed or stamped nuts or other devices designed to fit into channel slot and, when tightened, prevent slipping along channel.
7. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel or stainless steel.
8. Metallic Coating:  Plain, Pregalvanized G90 or Hot-dip galvanized.
9. Paint Coating:  Green epoxy, acrylic, or urethane.
10. Plastic Coating:  PVC.
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2.7 FIBERGLASS STRUT SYSTEMS
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. Champion Fiberglass, Inc.
2. Fabco Plastics Wholesale Limited.
3. G-Strut.
4. Unistrut; Part of Atkore International.

B. Description: Structural-grade, factory-formed, glass-fiber-resin channels and angles for supporting multiple parallel pipes.
1. Standard: Comply with MFMA-4 factory-fabricated components for field assembly.
2. Channels: Continuous slotted fiberglass-reinforced plastic channel with inturned lips.
3. Channel Width: Selected for applicable load criteria.
4. Fittings and Accessories: Products provided by channel and angle manufacturer and designed for use with those items.
5. Fitting and Accessory Materials: Same as those for channels and angles, except metal items may be stainless steel.
6. Rated Strength: Selected to suit applicable load criteria.
7. Protect finishes on exposed surfaces from damage by applying a strippable, temporary protective covering before shipping.

2.8 THERMAL-HANGER SHIELD INSERTS
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. Buckaroos, Inc.
2. Carpenter & Paterson, Inc.
3. ERICO International Corporation.
4. National Pipe Hanger Corporation.
5. Pipe Shields Inc.
6. Value Engineered Products, Inc.

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

2.9 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, available manufacturers offering products that may be incorporated into the Work 

include, but are not limited to 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, available manufacturers offering products that may be incorporated into the Work 

include, but are not limited to the following:
a. B-line, an Eaton business.
b. Hilti, Inc.
c. MKT Fastening, LLC.

2. Indoor Applications:  Zinc-coated or stainless-steel.
3. Outdoor Applications: Stainless steel.

2.10 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 or stainless-steel, continuous-thread 1/2-inch rods.
4. Horizontal Member: Adjustable horizontal, galvanized or stainless-steel pipe support channels.
5. Pipe Supports:  Roller, Strut clamps, Clevis hanger or Swivel hanger.
6. Hardware:  Galvanized or Stainless steel.
7. Accessories: Protection pads.
8. Height:  12 inches above roof.

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 or stainless-steel, continuous-thread 1/2-inch rods.
4. Horizontal Member: One, adjustable height, galvanized or stainless-steel pipe support slotted channel or plate.
5. Pipe Supports:  Roller, Clevis hanger or Swivel hanger.
6. Hardware:  Galvanized or Stainless steel.
7. Accessories: Protection pads, 1/2-inch continuous-thread galvanized-steel rod or, 1/2-inch continuous-thread stainless-steel rod.
8. Height:  18 inches above roof.

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 or stainless-steel channels.
4. Horizontal Members: One or more, adjustable height, galvanized or stainless-steel pipe support.
5. Pipe Supports:  Roller, Strut clamps, Clevis hanger or Swivel hanger.
6. Hardware:  Galvanized or Stainless steel.
7. Accessories: Protection pads, 1/2-inch continuous-thread rod.
8. Height:  18 inches above roof.

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.

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

2.12 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 07 84 13 "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 components plus 200 lb.

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.
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.

C. Fiberglass Pipe-Hanger Installation: Comply with applicable portions of MSS SP-58. Install hangers and attachments as required to properly support 
piping from building structure.

D. Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and support together on field-assembled strut systems.
E. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.
F. 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.

G. 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 07 72 00 "Roof Accessories" for curbs.

H. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, washers, and other accessories.
I. Equipment Support Installation: Fabricate from welded-structural-steel shapes.
J. 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.
K. Install lateral bracing with pipe hangers and supports to prevent swaying.
L. 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.

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

N. 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.

O. 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.
a. Option: Thermal-hanger shield inserts may be used. Include steel weight-distribution plate for pipe NPS 4 and larger if pipe is installed 

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

a. Option: Thermal-hanger shield inserts may be used. Include steel weight-distribution plate for pipe NPS 4 and larger if pipe is installed 
on rollers.

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 8 and Larger: Include wood or reinforced calcium-silicate-insulation inserts of length at least as long as protective shield.
6. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.

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 1-1/2 inches.

SECTION 23 05 29 (CONT.)
HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

3.6 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 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.
3.7 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 hangers and supports with galvanized metallic coatings for piping and equipment that will not have field-applied finish.
D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct contact with copper tubing.
E. Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers and metal framing systems and attachments for general service applications.
F. Use stainless-steel pipe hangers and fiberglass pipe hangers and fiberglass strut systems and stainless-steel or corrosion-resistant attachments for 

hostile environment applications.
G. Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
H. Use padded hangers for piping that is subject to scratching.
I. Use thermal-hanger shield inserts for insulated piping and tubing.
J. 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.
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.
K. 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.

L. 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.

M. 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.

N. 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.

O. 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 teh 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.

P. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are not specified in piping system Sections.
Q. Comply with MFMA-103 for metal framing system 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

SECTION 23 05 33
HEAT TRACING 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 heat tracing for HVAC piping with the following electric heating cables:

1. Plastic insulated, series resistance.
2. Self-regulating, parallel resistance.

B. Related Requirements:
1. Section 21 05 33 "Heat Tracing for Fire-Suppression Piping."
2. Section 22 05 33 "Heat Tracing for Plumbing Piping."

1.3 ACTION SUBMITTALS
A. Product Data: For each type of product.

1. Include rated capacities, operating characteristics, and furnished specialties and accessories.
2. Schedule heating capacity, length of cable, spacing, and electrical power requirement for each electric heating cable required.

B. Shop Drawings: For electric heating cable.
1. Include plans, elevations, sections, and attachment details.
2. Include diagrams for power, signal, and control wiring.

1.4 INFORMATIONAL SUBMITTALS
A. Field quality-control reports.
B. Sample Warranty: For special warranty.

1.5 CLOSEOUT SUBMITTALS
A. Operation and Maintenance Data: For electric heating cables to include in operation and maintenance manuals.

1.6 WARRANTY
A. Special Warranty: Manufacturer agrees to repair or replace electric heating cable that fails in materials or workmanship within specified warranty period.

1. Warranty Period:  Five years from date of Substantial Completion.

PART 2 - PRODUCTS
2.1 PLASTIC-INSULATED, SERIES-RESISTANCE HEATING CABLES

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. Delta-Therm Corporation.
2. Nuheat Industries Ltd.
3. Pyrotenax; Tyco Thermal Controls.
4. Raychem; Tyco Thermal Controls.
5. Watts Radiant; A WATTS Brand.

B. Comply with IEEE 515.1.
C. Heating Element: Single- or dual-stranded resistor wire. Terminate with waterproof, factory-assembled, nonheating leads with connectors at both ends.
D. Electrical Insulating Jacket: Minimum 4.0-mil Kapton with silicone, Tefzel, or polyolefin.
E. Cable Cover: Aluminum braid and silicone or Hylar outer jacket.
F. Maximum Operating Temperature (Power On):  300 deg F.
G. Maximum Exposure Temperature (Power Off):  185 deg F.
H. 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.
I. Capacities and Characteristics:

1. Maximum Heat Output:  6 W/ft..
2. Piping Diameter: See drawings.
3. Number of Parallel Cables: Per manufacturer’s requirements.
4. Spiral Wrap Pitch: Per manufacturer’s requirements.
5. Electrical Characteristics for Single-Circuit Connection:

a. Volts:  120.
b. Phase: 1.
c. Hertz: 60.
d. Full-Load Amperes: Per design.
e. Minimum Circuit Ampacity: Per design.
f. Maximum Overcurrent Protection: Per design.

2.2 SELF-REGULATING, PARALLEL-RESISTANCE HEATING CABLES
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. BriskHeat.
2. Chromalox, Inc.
3. Pyrotenax; Tyco Thermal Controls.
4. Raychem; Tyco Thermal Controls.

B. Comply with IEEE 515.1.
C. Heating Element: Pair of parallel No. 16 or No. 18 AWG, tinned or nickel-coated, stranded copper bus wires embedded in crosslinked conductive polymer 

core, which varies heat output in response to temperature along its length. Terminate with waterproof, factory-assembled, nonheating leads with 
connectors at one end, and seal the opposite end watertight. Cable shall be capable of crossing over itself once without overheating.

D. Electrical Insulating Jacket: Flame-retardant polyolefin.
E. Cable Cover:  Tinned-copper or Stainless-steel braid and polyolefin outer jacket with ultraviolet inhibitor.
F. Maximum Operating Temperature (Power On):  150 deg F.
G. Maximum Exposure Temperature (Power Off):  185 deg F.
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SECTION 23 05 33 (CONT.)
HEAT TRACING FOR HVAC PIPING

H. 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.
I. Capacities and Characteristics:

1. Maximum Heat Output:  5 W/ft..
2. Piping Diameter: Per manufacturer’s requirements.
3. Number of Parallel Cables: Per manufacturer’s requirements.
4. Spiral Wrap Pitch: Per manufacturer’s requirements.
5. Electrical Characteristics for Single-Circuit Connection:

a. Volts:  120.
b. Phase: 1.
c. Hertz: 60.
d. Full-Load Amperes: Per design.
e. Minimum Circuit Ampacity: Per design.
f. Maximum Overcurrent Protection: Per design.

2.3 CONSTANT-WATTAGE HEATING CABLES
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. Chromalox, Inc.
2. Raychem; Tyco Thermal Controls.

B. Comply with IEEE 515.1.
C. Heating Element: Pair of parallel No. 12 AWG, tinned or nickel-coated, stranded copper bus wires with single-stranded resistor wire connected between 

bus wires. Terminate with waterproof, factory-assembled, nonheating leads with connectors at one end, and seal the opposite end watertight.
D. Electrical Insulating Jacket: Flame-retardant fluoropolymer.
E. Cable Cover:  Tinned-copper or Stainless-steel braid and polyolefin outer jacket with ultraviolet inhibitor.
F. Maximum Operating Temperature (Power On):  392 deg F.
G. Maximum Exposure Temperature (Power Off):  185 deg F.
H. 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.
I. Capacities and Characteristics:

1. Maximum Heat Output:  4 W/ft..
2. Electrical Characteristics for Single-Circuit Connection:

a. Volts:  120.
b. Phase: 1.
c. Hertz: 60.
d. Full-Load Amperes: Per design.
e. Minimum Circuit Ampacity: Per design.
f. Maximum Overcurrent Protection: Per design.

2.4 CONTROLS
A. Pipe-Mounted Thermostats for Freeze Protection:

1. Remote bulb unit with adjustable temperature range from 30 to 50 deg F.
2. Snap action; open-on-rise, single-pole switch with minimum current rating adequate for connected cable.
3. Remote bulb on capillary, resistance temperature device, or thermistor for directly sensing pipe-wall temperature.
4. Corrosion-resistant, waterproof control enclosure.

B. Precipitation and Temperature Sensor for Snow Melting on Roofs and in Gutters: 
1. Automatic control with manual on, automatic, and standby/reset switch.
2. Precipitation and temperature sensors shall sense the surface conditions of roof and gutters and shall be programmed to energize the cable as 

follows:
a. Temperature Span:  34 to 44 deg F.
b. Adjustable Delay-Off Span:  30 to 90 minutes.
c. Energize Cables: Following two-minute delay if ambient temperature is below set point and precipitation is detected.
d. De-Energize Cables: On detection of a dry surface plus time delay.

3. Corrosion-proof and waterproof enclosure suitable for outdoor mounting, for controls and precipitation and temperature sensors.
4. Minimum 30-A contactor to energize cable or close other contactors.
5. Precipitation sensor shall be freestanding.
6. Provide relay with contacts to indicate operational status, on or off, for interface with central HVAC control-system workstation.

C. Programmable Timer for Domestic Hot-Water-Temperature Maintenance:
1. Microprocessor based.
2. Minimum of four separate schedules.
3. Minimum 24-hour battery carryover.
4. On-off-auto switch.
5. 365-day calendar with 20 programmable holidays.
6. Relays with contacts to indicate operational status, on or off, and for interface with central HVAC control-system workstation.

2.5 ACCESSORIES
A. Cable Installation Accessories: Fiberglass tape, heat-conductive putty, cable ties, silicone end seals and splice kits, and installation clips all furnished by 

manufacturer, or as recommended in writing by manufacturer.
B. Warning Labels: Refer to Section 22 05 53 "Identification for Plumbing Piping and Equipment."
C. Warning Tape: Continuously printed "Electrical Tracing"; vinyl, at least 3 mils thick, and with pressure-sensitive, permanent, waterproof, self-adhesive 

back.
1. Width for Markers on Pipes with OD, Including Insulation, Less Than 6 Inches: 3/4 inch minimum.
2. Width for Markers on Pipes with OD, Including Insulation, 6 Inches or Larger: 1-1/2 inches minimum.

PART 3 - EXECUTION
3.1 EXAMINATION

A. Examine surfaces and substrates to receive electric heating cables for compliance with requirements for installation tolerances and other conditions 
affecting performance.
1. Ensure surfaces and pipes in contact with electric heating cables are free of burrs and sharp protrusions.

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

A. Install the following types of electric heating cable for the applications described:
1. Snow and Ice Melting on Roofs and in Gutters and Downspouts:  Self-regulating, parallel-resistance heating cable.
2. Temperature Maintenance for Domestic Hot Water: Self-regulating, parallel-resistance heating cable.

3.3 INSTALLATION
A. Install electric heating cable across expansion, construction, and control joints according to manufacturer's written instructions; use cable-protection 

conduit and slack cable to allow movement without damage to cable.
B. Electric Heating-Cable Installation for Snow and Ice Melting on Roofs and in Gutters and Downspouts: Install on roof and in gutters and downspouts with 

clips furnished by manufacturer that are compatible with roof, gutters, and downspouts.
C. Electric Heating-Cable Installation for Freeze Protection for Piping:

1. Install electric heating cables after piping has been tested and before insulation is installed.
2. Install electric heating cables according to IEEE 515.1.
3. Install insulation over piping with electric cables according to Section 22 07 19 "Plumbing Piping Insulation."
4. Install warning tape on piping insulation where piping is equipped with electric heating cables.

D. Electric Heating-Cable Installation for Temperature Maintenance for Domestic Hot Water:
1. Install electric heating cables after piping has been tested and before insulation is installed.
2. Install insulation over piping with electric heating cables according to Section 22 07 19 "Plumbing Piping Insulation."
3. Install warning tape on piping insulation where piping is equipped with electric heating cables.

E. Set field-adjustable switches and circuit-breaker trip ranges.
3.4 CONNECTIONS

A. Ground equipment according to Section 26 05 26 "Grounding and Bonding for Electrical Systems."
B. Connect wiring according to Section 26 05 19 "Low-Voltage Electrical Power Conductors and Cables."

3.5 FIELD QUALITY CONTROL
A. Testing Agency:  Owner will engage a qualified testing agency to perform tests and inspections.
B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment 

installations, including connections.
C. Perform the following tests and inspections:

1. Perform tests after cable installation but before application of coverings such as insulation, wall or ceiling construction, or concrete.
2. Test cables for electrical continuity and insulation integrity before energizing.
3. Test cables to verify rating and power input. Energize and measure voltage and current simultaneously.

D. Repeat tests for continuity, insulation resistance, and input power after applying thermal insulation on pipe-mounted cables.
E. Cables will be considered defective if they do not pass tests and inspections.
F. Prepare test and inspection reports.

3.6 PROTECTION
A. Protect installed heating cables, including nonheating leads, from damage during construction.
B. Remove and replace damaged heat-tracing cables.

END OF SECTION
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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. Pipe labels.
4. Duct labels.
5. Stencils.
6. Valve tags.
7. Warning tags.

1.3 ACTION SUBMITTALS
A. Product Data: For each type of product.
B. Samples: For color, letter style, and graphic representation required for each identification material and device.
C. Equipment Label Schedule: Include a listing of all equipment 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.

PART 2 - PRODUCTS
2.1 EQUIPMENT LABELS

A. Metal Labels for Equipment:
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. Champion America.
c. Craftmark Pipe Markers.
d. emedco.
e. Kolbi Pipe Marker Co.
f. Seton Identification Products.

2. Material and Thickness:  Brass, 0.032-inch or stainless steel, 0.025-inch minimum thickness, and having predrilled or stamped holes for attachment 
hardware.

3. Letter Color:  TBD.
4. Background Color:  TBD.
5. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
6. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and 

proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-quarters the size of principal lettering.
7. Fasteners: Stainless-steel rivets or self-tapping screws.
8. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

B. Plastic Labels for Equipment:
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. Champion America.
c. Craftmark Pipe Markers.
d. emedco.
e. Kolbi Pipe Marker Co.
f. Seton Identification Products.

2. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment 
hardware.

3. Letter Color:  Black.
4. Background Color:  White.
5. Maximum Temperature: Able to withstand temperatures up to 160 deg F.
6. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
7. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and 

proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-quarters the size of principal lettering.
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8. Fasteners: Stainless-steel rivets or self-tapping screws.
9. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

C. Label Content: Include equipment's Drawing designation or unique equipment number, Drawing numbers where equipment is indicated (plans, details, and 
schedules), and the Specification Section number and title where equipment is specified.

D. Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch bond paper. Tabulate equipment identification number, and 
identify Drawing numbers where equipment is indicated (plans, details, and schedules) and the Specification Section number and title where equipment is 
specified. Equipment schedule shall be included in operation and maintenance data.

2.2 WARNING SIGNS AND LABELS
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. Brady Corporation.
2. Champion America.
3. Craftmark Pipe Markers.
4. emedco.
5. Seton Identification Products.

B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.
C. Letter Color:  White.
D. Background Color:  Red or Yellow as appropriate.
E. Maximum Temperature: Able to withstand temperatures up to 160 deg F.
F. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
G. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately 

larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-quarters the size of principal lettering.
H. Fasteners: Stainless-steel rivets or self-tapping screws.
I. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
J. Label Content: Include caution and warning information plus emergency notification instructions.

2.3 PIPE LABELS
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. Brady Corporation.
2. Carlton Industries, LP.
3. Champion America.
4. Craftmark Pipe Markers.
5. emedco.
HYPERLINK "http://www.specagent.com/Lookup?uid=123456943462" 6. Kolbi Pipe Marker Co.
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 formed to partially cover or cover full circumference of pipe and to attach to pipe without fasteners or 

adhesive.
D. Self-Adhesive Pipe Labels: 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.

2.4 DUCT LABELS
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. Brady Corporation.
2. Carlton Industries, LP.
3. Champion America.
4. Kolbi Pipe Marker Co.
5. LEM Products Inc.
6. Seton Identification Products.

B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.
C. Letter Color:  Black.
D. Background Color:  Yellow.
E. Maximum Temperature: Able to withstand temperatures up to 160 deg F.
F. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
G. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately 

larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-quarters the size of principal lettering.
H. Fasteners: Stainless-steel rivets or self-tapping screws.
I. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
J. Duct Label Contents: Include identification of duct service using same designations or abbreviations as used on Drawings; also include duct size and an 

arrow indicating flow direction.
1. Flow-Direction Arrows: Integral with duct system service lettering to accommodate both directions or as separate unit on each duct label to indicate 

flow direction.
2.5 STENCILS

A. Stencils for Piping:
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. Carlton Industries, LP.
b. Champion America.
c. Craftmark Pipe Markers.
d. Kolbi Pipe Marker Co.

2. Lettering Size:  Size letters according to ASME A13.1 for piping.
3. Stencil Material:  Fiberboard or metal.
4. Stencil Paint: Exterior, gloss, alkyd enamel in colors complying with recommendations in ASME A13.1 unless otherwise indicated. Paint may be in 

pressurized spray-can form.
5. Identification Paint: Exterior, alkyd enamel in colors according to ASME A13.1 unless otherwise indicated. Paint may be in pressurized spray-can 

form.
B. Stencils for Ducts:

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. Carlton Industries, LP.
b. Champion America.
c. Craftmark Pipe Markers.
d. Kolbi Pipe Marker Co.

2. Lettering Size: Minimum letter height of 1-1/4 inches for viewing distances up to 15 feet and proportionately larger lettering for greater viewing 
distances.

3. Stencil Material:  Fiberboard or metal.
4. Stencil Paint: Exterior, gloss, alkyd enamel. Paint may be in pressurized spray-can form.
5. Identification Paint: Exterior, alkyd enamel. Paint may be in pressurized spray-can form.

C. Stencils for Access Panels and Door Labels, Equipment Labels, and Similar Operational Instructions:
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. Carlton Industries, LP.
b. Champion America.
c. Craftmark Pipe Markers.
d. Kolbi Pipe Marker Co.

2. Lettering Size: Minimum letter height of 1/2 inch for viewing distances up to 72 inches and proportionately larger lettering for greater viewing 
distances.

3. Stencil Material:  Fiberboard or metal.
4. Stencil Paint: Exterior, gloss, alkyd enamel. Paint may be in pressurized spray-can form.
5. Identification Paint: Exterior, alkyd enamel. Paint may be in pressurized spray-can form.

D. 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. Brady Corporation.
2. Carlton Industries, LP.
3. Champion America.
4. Craftmark Pipe Markers.
5. emedco.
6. Kolbi Pipe Marker Co.
7. Seton Identification Products.

E. Valve Tags: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-inch numbers.
1. Tag Material:  Brass, 0.032-inch or stainless steel, 0.025-inch minimum thickness, and having predrilled or stamped holes for attachment hardware.
2. Fasteners: Brass wire-link chain, beaded chain or S-hook.

F. 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.

2.6 WARNING TAGS
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. Brady Corporation.
2. Carlton Industries, LP.
3. Champion America.
4. Craftmark Pipe Markers.
5. emedco.
6. Kolbi Pipe Marker Co.
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 mechanical equipment.
B. Locate equipment labels where accessible and visible.

3.4 PIPE LABEL INSTALLATION
A. Piping Color Coding: Painting of piping is specified in Section 09 91 23 "Interior Painting."
B. Stenciled Pipe Label Option: Stenciled labels may be provided instead of manufactured pipe labels, at Installer's option. Install stenciled pipe labels, 

complying with ASME A13.1, with painted, color-coded bands or rectangles on each piping system.
1. Identification Paint: Use for contrasting background.
2. Stencil Paint: Use for pipe marking.

C. 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. Near each valve and control device.
2. Near each branch connection, excluding short takeoffs for fixtures and terminal units. Where flow pattern is not obvious, mark each pipe at branch.
3. Near penetrations and on both sides of through walls, floors, ceilings, and inaccessible enclosures.
4. At access doors, manholes, and similar access points that permit view of concealed piping.
5. Near major equipment items and other points of origination and termination.
6. Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25 feet in areas of congested piping and equipment.
7. On piping above removable acoustical ceilings. Omit intermediately spaced labels.

D. Directional Flow Arrows: Arrows shall be used 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:  White letters on a safety-green background.
2. Condenser-Water Piping:  White letters on a safety-green background.
3. Refrigerant Piping:  White letters on a safety-purple background.

3.5 DUCT LABEL INSTALLATION
A. Install self-adhesive duct labels with permanent adhesive on air ducts in the following color codes: 

1. Blue: For cold-air supply ducts.
2. Yellow: For hot-air supply ducts.
3. Green: For exhaust-, outside-, relief-, return-, and mixed-air ducts.

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 labels near points where ducts enter into and exit from concealed spaces and at maximum intervals of 50 feet in each space where ducts are exposed 
or concealed by removable ceiling system.
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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 HVAC terminal devices and similar roughing-in connections of end-use fixtures and units. List tagged 
valves in a valve schedule.

B. Valve-Tag Application Schedule: Tag valves according to size, shape, and color scheme and with captions similar to those indicated in the following 
subparagraphs:
1. Valve-Tag Size and Shape:

a. Chilled Water:  2 inches, round.
b. Condenser Water:  2 inches, round.
c. Refrigerant:  2 inches, round.
d. Gas:  2 inches, round.

2. Valve-Tag Colors:
a. Toxic and Corrosive Fluids: Black letters on a safety-orange background.
b. Flammable Fluids: Black letters on a safety-yellow background.
c. Combustible Fluids: White letters on a safety-brown background.
d. Potable and Other Water: White letters on a safety-green background.
e. Compressed Air: White letters on a safety-blue background.
f. Defined by User: White letters on a safety-purple background, black letters on a safety-white background, white letters on a safety-gray 

background, and white letters on a safety-black background
3.7 WARNING-TAG INSTALLATION

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

END OF SECTION
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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. Plastic pipe and fittings.
4. Joining materials.
5. Transition fittings.
6. Dielectric fittings.
7. Bypass chemical feeder.

1.3 ACTION SUBMITTALS
A. Product Data: For each type of the following:

1. Pipe.
2. Fittings.
3. Joining materials.
4. Bypass chemical feeder.

B. Delegated-Design Submittal:
1. Design calculations and detailed fabrication and assembly of pipe anchors and alignment guides, hangers and supports for multiple pipes, 

expansion joints and loops, and attachments of the same to the building structure.
2. Locations of pipe anchors and alignment guides and expansion joints and loops.
3. Locations of and details for penetrations, including sleeves and sleeve seals for exterior walls, floors, basement, and foundation walls.
4. Locations of and details for penetration and firestopping for fire- and smoke-rated wall and floor and ceiling assemblies.

1.4 INFORMATIONAL SUBMITTALS
A. Coordination Drawings: Piping layout, 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. Other building services.
3. Structural members.

B. Qualification Data: For Installer.
C. Welding certificates.
D. Field quality-control reports.
E. Preconstruction Test Reports:

1. Water Analysis: Submit a copy of the water analysis to illustrate water quality available at Project site.
1.5 QUALITY ASSURANCE

A. Installer Qualifications:
1. Installers of Pressure-Sealed Joints: Installers shall be certified by pressure-seal joint manufacturer as having been trained and qualified to join 

piping with pressure-seal pipe couplings and fittings.
2. Fiberglass Pipe and Fitting Installers: Installers of RTRF and RTRP shall be certified by manufacturer of pipes and fittings as having been trained 

and qualified to join fiberglass piping with manufacturer-recommended adhesive.
B. Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
C. 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.

1.6 PRECONSTRUCTION TESTING
A. Preconstruction Testing Service:  Owner will engage a qualified testing agency to perform preconstruction testing on water quality.

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. Chilled-Water Piping:  150 psig at 73 deg F.
2. Cooling-Water Piping:  150 psig at 73 deg F.
3. Makeup-Water Piping:  80 psig at 73 deg F.
4. Condensate Water Piping:  150 deg F.
5. Safety-Valve-Inlet and -Outlet Piping: Equal to the pressure of the piping system to which it is attached.

2.2 COPPER TUBE AND FITTINGS
A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L.
B. Annealed-Temper Copper Tubing: ASTM B 88, Type K.
C. DWV Copper Tubing: ASTM B 306, Type DWV.
D. Grooved, Mechanical-Joint, Wrought-Copper Fittings: ASME B16.22.

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. Anvil International.
b. Star Pipe Products.
c. Victaulic Company.

2. Grooved-End Copper Fittings: ASTM B 75, copper tube or ASTM B 584, bronze casting.
3. Grooved-End-Tube Couplings: Rigid pattern unless otherwise indicated; gasketed fitting. Ductile-iron housing with keys matching pipe and fitting 

grooves, prelubricated EPDM gasket rated for minimum 230 deg F for use with housing, and steel bolts and nuts.
E. Copper or Bronze Pressure-Seal Fittings:

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. Elkhart Products Corporation.
b. Mueller Industries, Inc.
c. NIBCO INC.
d. Viega LLC.

2. Housing: Copper.
3. O-Rings and Pipe Stops: EPDM.
4. Tools: Manufacturer's special tools.
5. Minimum 200-psig working-pressure rating at 250 deg F.

F. Copper, Mechanically Formed Tee Option: For forming T-branch on copper water tube.
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. T-DRILL Industries Inc.

G. Wrought-Copper Unions: ASME B16.22.
2.3 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. Cast-Iron Threaded Fittings: ASME B16.4; Classes 125 and 250 as indicated in "Piping Applications" Article.
C. Malleable-Iron Threaded Fittings: ASME B16.3, Classes 150 and 300 as indicated in "Piping Applications" Article.
D. Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in "Piping Applications" Article.
E. Cast-Iron Pipe Flanges and Flanged Fittings: ASME B16.1, Classes 25, 125, and 250; raised ground face, and bolt holes spot faced as indicated in "Piping 

Applications" Article.
F. Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe.
G. 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.

H. Grooved Mechanical-Joint Fittings and Couplings:
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. Anvil International.
b. Grinnell Mechanical Products.
c. National Fittings, Inc.
d. 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.

I. Plain-End Mechanical-Joint Couplings:
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. Anvil International.
b. NormaGroup.
c. Shurjoint Piping Products USA Inc.
d. Victaulic Company.

2. Housing: ASTM A-536 Grade 65-45-12 segmented ductile iron or type 304 stainless steel.
3. Housing coating:  None.
4. Gasket:  EPDM or NBR.
5. Sealing Mechanism: Double-lip sealing system or carbon steel case-hardened jaws.
6. Bolts, hex nuts, washers, or lock bars based on manufacturer's design.
7. Minimum Pressure Rating: Equal to that of the joined pipes.

J. Steel Pressure-Seal Fittings:
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. Victaulic Company.
b. Viega LLC.

2. Housing: Steel.
3. O-Rings and Pipe Stop: EPDM.
4. Tools: Manufacturer's special tool.
5. Minimum 300-psig working-pressure rating at 230 deg F.

K. Steel Pipe Nipples: ASTM A 733, made of same materials and wall thicknesses as pipe in which they are installed.
2.4 PLASTIC PIPE AND FITTINGS

A. CPVC Plastic Pipe: ASTM F 441/F 441M, with wall thickness as indicated in "Piping Applications" Article.
1. CPVC Plastic Pipe Fittings: Socket-type pipe fittings, ASTM F 438 for Schedule 40 pipe; ASTM F 439 for Schedule 80 pipe.

B. PVC Plastic Pipe: ASTM D 1785, with wall thickness as indicated in "Piping Applications" Article.
1. PVC Plastic Pipe Fittings: Socket-type pipe fittings, ASTM D 2466 for Schedule 40 pipe; ASTM D 2467 for Schedule 80 pipe.

2.5 FIBERGLASS PIPE AND FITTINGS
A. RTRP: ASTM D 2996, filament-wound pipe with tapered bell and spigot ends for adhesive joints.
B. RTRF: Compression or spray-up/contact molded of same material, pressure class, and joining method as pipe.
C. Flanges: ASTM D 4024. Full-face gaskets suitable for the service, minimum 1/8-inch thick, 60-70 durometer. ASTM A 307, Grade B, hex head bolts with 

washers.
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2.6 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.

B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.
C. Plastic, Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by piping system manufacturer unless otherwise indicated.
D. Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to ASTM B 813.
E. 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.
F. 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.
G. Solvent Cements for CPVC Piping: ASTM F 493.
H. Solvent Cements for PVC Piping: ASTM D 2564. Include primer according to ASTM F 656.
I. Fiberglass Pipe Adhesive: As furnished or recommended by pipe manufacturer.

2.7 TRANSITION FITTINGS
A. Plastic-to-Metal Transition Fittings:

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. Charlotte Pipe and Foundry Company.
b. IPEX USA LLC.
c. Viega LLC.

2. One-piece fitting with one threaded brass or copper insert and one solvent-cement-joint end of material and wall thickness to match plastic pipe 
material.

B. Plastic-to-Metal Transition Unions:
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. Charlotte Pipe and Foundry Company.
b. IPEX USA LLC.
c. NIBCO INC.

2. Brass or copper end, solvent-cement-joint end of material and wall thickness to match plastic pipe material, rubber gasket, and threaded union.
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:
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. A.Y. McDonald Mfg. Co.
b. Capitol Manufacturing Company.
c. HART Industrial Unions, LLC.
d. WATTS.
e. Zurn Industries, LLC.

2. Description:
a. Standard: ASSE 1079.
b. Pressure Rating:  150 psig.
c. End Connections: Solder-joint copper alloy and threaded ferrous.

C. Dielectric Flanges:
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. Capitol Manufacturing Company.
b. Matco-Norca.
c. WATTS.
d. Zurn Industries, LLC.

2. Description:
a. Standard: ASSE 1079.
b. Factory-fabricated, bolted, companion-flange assembly.
c. Pressure Rating:  150 psig.
d. 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, available manufacturers offering products that may be incorporated into the Work 

include, but are not limited to the following:
a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. 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.

E. Dielectric Nipples:
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. Elster Perfection Corporation.
b. Grinnell Mechanical Products.
c. Precision Plumbing Products.
d. Victaulic Company.

2. Description:
a. Standard: IAPMO PS 66.
b. Electroplated steel nipple, complying with ASTM F 1545.
c. Pressure Rating:  300 psig at 225 deg F.
d. End Connections: Male threaded or grooved.
e. Lining: Inert and noncorrosive, propylene.

2.9 BYPASS CHEMICAL FEEDER
A. Description: Welded steel construction; 125-psig working pressure; 5-gal. capacity; with fill funnel and inlet, outlet, and drain valves.

1. Chemicals: Specially formulated, based on analysis of makeup water, to prevent accumulation of scale and corrosion in piping and connected 
equipment.

PART 3 - EXECUTION
3.1 PIPING APPLICATIONS

A. Chilled-water piping, aboveground, NPS 2 and smaller, shall be the following: 
1. Schedule 40 steel pipe; Class 125, cast-iron fittings; cast-iron flanges and flange fittings; and threaded joints.

B. Chilled-water piping, aboveground, NPS 2-1/2 and larger, shall be any of the following: 
1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges and flange fittings, and welded and flanged joints.
2. Schedule 40 steel pipe; grooved, mechanical joint coupling and fittings; and grooved, mechanical joints.
3. Schedule 40 steel pipe, plain-end mechanical-coupled joints.

C. Chilled-water piping installed belowground and within slabs shall be either of the following:
1. Type K, annealed-temper copper tubing, wrought-copper fittings, and brazed joints. Use the fewest possible joints.
2. RTRP and RTRF with adhesive or flanged joints.

D. Cooling-water piping, aboveground, NPS 2 and smaller, shall be the following:
1. Schedule 40 steel pipe; Class 125, cast-iron fittings; cast-iron flanges and flange fittings; and threaded joints.

E. Cooling-water piping, aboveground, NPS 2-1/2 and larger, shall be any of the following:
1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges and flange fittings, and welded and flanged joints.
2. Schedule 40 steel pipe; grooved, mechanical joint coupling and fittings; and grooved, mechanical joints.
3. Schedule 40 steel pipe, plain-end mechanical-coupled joints.

F. Cooling-water piping installed belowground and within slabs shall be either of the following:
1. Type K, annealed-temper copper tubing, wrought-copper fittings, and brazed joints. Use the fewest possible joints.
2. RTRP and RTRF with adhesive or flanged joints.

G. Makeup-water piping installed aboveground shall be the following: 
1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered or brazed joints.

H. Makeup-Water Piping Installed Belowground and within Slabs: Type K, annealed-temper copper tubing, wrought-copper fittings, and soldered joints. Use 
the fewest possible joints.

I. Condensate-Drain Piping:  Type DWV, drawn-temper copper tubing, wrought-copper fittings, and soldered joints or Schedule 40 PVC plastic pipe and 
fittings and solvent-welded joints.

J. Condensate-Drain Piping: Schedule 40 PVC plastic pipe and fittings and solvent-welded joints.
K. Blowdown-Drain Piping: Same materials and joining methods as for piping specified for the service in which blowdown drain is installed.
L. 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.
M. 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 with metal-to-plastic transition fittings for plastic piping systems according to piping manufacturer's written instructions.
3.2 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 mechanically formed 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 valves according to the following:

1. Section 23 05 23.11 "Globe Valves for HVAC Piping."
2. Section 23 05 23.12 "Ball Valves for HVAC Piping."
3. Section 23 05 23.13 "Butterfly Valves for HVAC Piping."
4. Section 23 05 23.14 "Check Valves for HVAC Piping."
5. Section 23 05 23.15 "Gate Valves for HVAC Piping."

Q. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment, and elsewhere as indicated.
R. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere as indicated.
S. Install shutoff valve immediately upstream of each dielectric fitting.
T. Comply with requirements in Section 23 05 16 "Expansion Fittings and Loops for HVAC Piping" for installation of expansion loops, expansion joints, 

anchors, and pipe alignment guides.
U. Comply with requirements in Section 23 05 53 "Identification for HVAC Piping and Equipment" for identifying piping.
V. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Section 23 05 17 "Sleeves and 

Sleeve Seals for HVAC Piping."
W. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for sleeve seals specified in Section 23 05 17 "Sleeves 

and Sleeve Seals for HVAC Piping."
X. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with requirements for escutcheons specified in Section 23 05 18 

"Escutcheons for HVAC Piping."
3.3 DIELECTRIC FITTING INSTALLATION

A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
B. Dielectric Fittings for NPS 2 and Smaller: Use dielectric nipples or unions.
C. Dielectric Fittings for NPS 2-1/2 to NPS 4: Use dielectric flanges or nipples.
D. Dielectric Fittings for NPS 5  and Larger: Use dielectric flange kits.

3.4 HANGERS AND SUPPORTS
A. Comply with requirements in Section 23 05 29 "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 23 05 48 "Vibration and Seismic Controls for HVAC" for seismic restraints.
C. Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or longer.
3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, supported on a trapeze.
4. Spring hangers to support vertical runs.
5. Provide copper-clad hangers and supports for hangers and supports in direct contact with copper pipe.
6. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger from scratching pipe.
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SECTION 23 21 13 (CONT.)
HYDRONIC PIPING

D. Install hangers for steel piping with the following maximum spacing and minimum rod sizes:
1. NPS 3/4: Maximum span, 7 feet.
2. NPS 1: Maximum span, 7 feet.
3. NPS 1-1/2: Maximum span, 9 feet.
4. NPS 2: Maximum span, 10 feet.
5. NPS 2-1/2: Maximum span, 11 feet.
6. NPS 3 and Larger: Maximum span, 12 feet.

E. Install hangers for drawn-temper copper piping with the following maximum spacing and minimum rod sizes:
1. NPS 3/4: Maximum span, 5 feet; minimum rod size, 1/4 inch.
2. NPS 1: Maximum span, 6 feet; minimum rod size, 1/4 inch.
3. NPS 1-1/4: Maximum span, 7 feet; minimum rod size, 3/8 inch.
4. NPS 1-1/2: Maximum span, 8 feet; minimum rod size, 3/8 inch.
5. NPS 2: Maximum span, 8 feet; minimum rod size, 3/8 inch.
6. NPS 2-1/2: Maximum span, 9 feet; minimum rod size, 3/8 inch.
7. NPS 3 and Larger: Maximum span, 10 feet; minimum rod size, 3/8 inch.

F. Plastic Piping Hanger Spacing: Space hangers according to pipe manufacturer's written instructions for service conditions. Avoid point loading. Space and 
install hangers with the fewest practical rigid anchor points.

G. Fiberglass Piping Hanger Spacing: Space hangers according to pipe manufacturer's written instructions for service conditions. Avoid point loading. Space 
and install hangers with the fewest practical rigid anchor points.

H. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.
3.5 PIPE 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. 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.
F. Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified processes and welding operators. Certify  that  each  welder  has  

passed  AWS  qualification  tests  for  welding  processes.
G. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service application. Install gasket concentrically positioned. Use suitable 

lubricants on bolt threads.
H. Plastic Piping Solvent-Cemented Joints: Clean and dry joining surfaces. Join pipe and fittings according to the following:

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent cements.
2. CPVC Piping: Join according to ASTM D 2846/D 2846M Appendix.
3. PVC Pressure Piping: Join ASTM D 1785 schedule number, PVC pipe and PVC socket fittings according to ASTM D 2672. Join other-than-

schedule number PVC pipe and socket fittings according to ASTM D 2855.
4. PVC Nonpressure Piping: Join according to ASTM D 2855.

I. Fiberglass Bonded Joints: Prepare pipe ends and fittings, apply adhesive, and join according to pipe manufacturer's written instructions.
J. 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.
K. Plain-End Mechanical-Coupled Joints: Prepare, assemble, and test joints in accordance with manufacturer's written installation instructions.
L. Mechanically Formed, Copper-Tube-Outlet Joints: Use manufacturer-recommended tool and procedure, and brazed joints.
M. Pressure-Sealed Joints: Use manufacturer-recommended tool and procedure. Leave insertion marks on pipe after assembly.

3.6 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 bypass piping with globe valve around control valve. If parallel control valves are installed, only one bypass is required.
D. Install ports for pressure gages and thermometers at coil inlet and outlet connections. Comply with requirements in Section 23 05 19 "Meters and Gages 

for HVAC Piping."
3.7 CHEMICAL TREATMENT

A. Install bypass chemical feeders in each hydronic system where indicated.
1. Install in upright position with top of funnel not more than 48 inches above the floor.
2. Install feeder in minimum NPS 3/4 bypass line, from main with full-size, full-port, ball valve in the main between bypass connections.
3. Install NPS 3/4 pipe from chemical feeder drain to nearest equipment drain and include a full-size, full-port, ball valve.

B. Fill system with fresh water and add liquid alkaline compound with emulsifying agents and detergents to remove grease and petroleum products from 
piping. Circulate solution for a minimum of 24 hours, drain, clean strainer screens, and refill with fresh water.

C. Add initial chemical treatment and maintain water quality in ranges noted above for the first year of operation.
3.8 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. Isolate equipment from piping. 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. Test pressure shall not exceed 

maximum pressure for any vessel, pump, valve, or other component in system under test. Verify that stress due to pressure at bottom of vertical 
runs does not exceed 90 percent of specified minimum yield strength or 1.7 times the "SE" value in Appendix A in ASME B31.9, "Building 
Services Piping."

5. After hydrostatic test pressure has been applied for at least 10 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.
C. 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. Inspect and set operating temperatures of hydronic equipment, such as boilers, chillers, cooling towers, to specified values.
7. Verify lubrication of motors and bearings.

END OF SECTION

SECTION 23 21 23
HYDRONIC PUMPS

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. Close-coupled, in-line centrifugal pumps.
2. Close-coupled, end-suction centrifugal pumps.
3. Separately coupled, horizontally mounted, in-line centrifugal pumps.
4. Separately coupled, vertically mounted, in-line centrifugal pumps.
5. Separately coupled, base-mounted, end-suction centrifugal pumps.
6. Separately coupled, base-mounted, double-suction centrifugal pumps.
7. Separately coupled, vertically mounted, double-suction centrifugal pumps.
8. Automatic condensate pump units.

1.3 DEFINITIONS
A. Buna-N: Nitrile rubber.
B. EPT: Ethylene propylene terpolymer.

1.4 ACTION SUBMITTALS
A. Product Data: For each type of pump. Include certified performance curves and rated capacities, operating characteristics, furnished specialties, final impeller 

dimensions, and accessories for each type of product indicated. Indicate pump's operating point on curves.
B. Shop Drawings: For each pump.

1. Show pump layout and connections.
2. Include setting drawings with templates for installing foundation and anchor bolts and other anchorages.
3. Include diagrams for power, signal, and control wiring.

1.5 CLOSEOUT SUBMITTALS
A. Operation and Maintenance Data: For pumps to include in emergency, operation, and maintenance manuals.

1.6 MAINTENANCE MATERIAL SUBMITTALS
A. Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels 

describing contents.
1. Mechanical Seals:  One mechanical seal(s) for each pump.

PART 2 - PRODUCTS
2.1 CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS

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. Armstrong Pumps, Inc.
2. Grundfos Pumps Corporation.
3. ITT Corporation.
4. Patterson Pump Company; a Gorman-Rupp company.

B. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close-coupled, in-line pump as defined in HI 1.1-1.2 and HI 1.3; designed for 
installation with pump and motor shafts mounted horizontally or vertically.

C. Capacities and Characteristics:
1. See pump schedules on drawings.

D. Pump Construction:
1. Casing: Radially split, cast iron, with threaded gage tappings at inlet and outlet, replaceable bronze wear rings, and threaded companion-flange 

connections.
2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft, and secured with a locking cap screw. For constant-speed 

pumps, trim impeller to match specified performance.
3. Pump Shaft:  Steel, with copper-alloy shaft sleeve or Stainless steel.
4. Seal: Mechanical seal consisting of carbon rotating ring against a ceramic seat held by a stainless-steel spring, and Buna-N, EPT or Viton bellows and 

gasket. Include water slinger on shaft between motor and seal.
5. Seal: Packing seal consisting of stuffing box with a minimum of four rings of graphite-impregnated braided yarn with bronze lantern ring between 

center two graphite rings, and bronze packing gland.
6. Pump Bearings:  Permanently lubricated ball bearings or Oil lubricated; bronze-journal or thrust type.

E. Motor: Single speed and rigidly mounted to pump casing.
1. 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.
2. Comply with NEMA designation, temperature rating, service factor, and efficiency requirements for motors specified in Section 23 05 13 "Common 

Motor Requirements for HVAC Equipment."
2.2 CLOSE-COUPLED, END-SUCTION CENTRIFUGAL PUMPS

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. Armstrong Pumps, Inc.
2. ITT Corporation.
3. Patterson Pump Company; a Gorman-Rupp company.

B. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close-coupled, end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for 
installation with pump and motor shafts mounted horizontally.

C. Capacities and Characteristics:
1. See pump schedules on drawings.

D. Pump Construction:
1. Casing: Radially split, cast iron, with replaceable bronze wear rings, drain plug at bottom and air vent at top of volute, threaded gage tappings at inlet 

and outlet, and threaded companion-flange or flanged connections.
2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft, and secured with a locking cap screw. For constant-speed 

pumps, trim impeller to match specified performance.

SECTION 23 21 23 (CONT.)
HYDRONIC PUMPS

3. Pump Shaft:  Steel, with copper-alloy shaft sleeve or Stainless steel.
4. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless-steel spring, and Buna-N or EPT bellows and gasket. Include water 

slinger on shaft between motor and seal.
5. Pump Bearings:  Permanently lubricated ball bearings or Oil lubricated; bronze-journal or thrust type.

E. Motor: Single speed and rigidly mounted to pump casing with integral pump support.
1. 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.
2. Comply with NEMA designation, temperature rating, service factor, and efficiency requirements for motors specified in Section 23 05 13 "Common 

Motor Requirements for HVAC Equipment."
2.3 SEPARATELY COUPLED, HORIZONTALLY MOUNTED, IN-LINE CENTRIFUGAL PUMPS

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. Armstrong Pumps, Inc.
2. Grundfos Pumps Corporation.
3. ITT Corporation.
4. PACO Pumps; Grundfos Pumps Corporation, USA.

B. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, separately coupled, in-line pump as defined in HI 1.1-1.2 and HI 1.3; designed for 
installation with pump and motor shafts mounted horizontally.

C. Capacities and Characteristics:
1. See pump schedules on drawings.

D. Pump Construction:
1. Casing: Radially split, cast iron, with threaded gage tappings at inlet and outlet, and threaded companion-flange connections.
2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, and keyed to shaft. For pumps not frequency-drive controlled, trim impeller to 

match specified performance.
3. Pump Shaft:  Steel, with copper-alloy shaft sleeve or Stainless steel.
4. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless-steel spring, and Buna-N, EPT or Viton bellows and gasket. Include 

water slinger on shaft between motor and seal.
5. Pump Bearings:  Permanently lubricated ball bearings or Oil lubricated; bronze-journal or thrust type.

E. Shaft Coupling:  Molded-rubber insert with interlocking spider or Interlocking frame with interconnecting springs capable of absorbing vibration.
F. Motor: Single speed and resiliently or rigidly mounted to pump casing.

1. 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.

2. Comply with NEMA designation, temperature rating, service factor, and efficiency requirements for motors specified in Section 23 05 13 "Common 
Motor Requirements for HVAC Equipment."

2.4 SEPARATELY COUPLED, VERTICALLY MOUNTED, IN-LINE CENTRIFUGAL PUMPS
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. Armstrong Pumps, Inc.
2. ITT Corporation.
3. PACO Pumps; Grundfos Pumps Corporation, USA.
4. Patterson Pump Company; a Gorman-Rupp company.

B. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, separately coupled, in-line pump as defined in HI 1.1-1.2 and HI 1.3; designed for 
installation with pump and motor shafts mounted vertically.

C. Capacities and Characteristics:
1. See pump schedules on drawings.

D. Pump Construction:
1. Casing: Radially split, cast iron, with threaded gage tappings at inlet and outlet, replaceable bronze wear rings, and threaded companion-flange 

connections.
2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft, and secured with a locking cap screw. For pumps not 

frequency-drive controlled, trim impeller to match specified performance.
3. Pump Shaft:  Steel, with copper-alloy shaft sleeve or Stainless steel.
4. Seal: Mechanical seal consisting of carbon rotating ring against a ceramic seat held by a stainless-steel spring, and Buna-N, EPT or Viton bellows and 

gasket. Include water slinger on shaft between motor and seal.
5. Seal: Packing seal consisting of stuffing box with a minimum of four rings of graphite-impregnated braided yarn with bronze lantern ring between 

center two graphite rings, and bronze packing gland.
6. Pump Bearings:  Permanently lubricated ball bearings or Oil lubricated; bronze-journal or thrust type.

E. Shaft Coupling: Axially split spacer coupling.
F. Motor: Single speed and rigidly mounted to pump casing with lifting eyebolt and supporting lugs in motor enclosure.

1. 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.

2. Comply with NEMA designation, temperature rating, service factor, and efficiency requirements for motors specified in Section 23 05 13 "Common 
Motor Requirements for HVAC Equipment."

2.5 SEPARATELY COUPLED, BASE-MOUNTED, END-SUCTION CENTRIFUGAL PUMPS
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. Armstrong Pumps, Inc.
2. Crane Pumps & Systems.
3. ITT Corporation.
4. PACO Pumps; Grundfos Pumps Corporation, USA.

B. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, separately coupled, end-suction pump as defined in HI 1.1-1.2 and HI 1.3; 
designed for base mounting, with pump and motor shafts horizontal.
C. Capacities and Characteristics:

1. See pump schedules on drawings.
D. Pump Construction:

1. Casing: Radially split, cast iron, with replaceable bronze wear rings, threaded gage tappings at inlet and outlet, drain plug at bottom and air vent at top 
of volute, and threaded companion-flange or flanged connections. Provide integral mount on volute to support the casing, and provide attached piping 
to allow removal and replacement of impeller without disconnecting piping or requiring the realignment of pump and motor shaft.

2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft, and secured with a locking cap screw. For pumps not 
frequency-drive controlled, trim impeller to match specified performance.

3. Pump Shaft:  Steel, with copper-alloy shaft sleeve or Stainless steel.
4. Seal: Mechanical seal consisting of carbon rotating ring against a ceramic seat held by a stainless-steel spring, and Buna-N, EPT or Viton bellows and 

gasket.
5. Seal: Packing seal consisting of stuffing box with a minimum of four rings of graphite-impregnated braided yarn with bronze lantern ring between 

center two graphite rings, and bronze packing gland.
6. Pump Bearings: Grease-lubricated ball bearings in cast-iron housing with grease fittings.

E. Shaft Coupling: Molded-rubber insert and interlocking spider capable of absorbing vibration. Couplings shall be drop-out type to allow disassembly and 
removal without removing pump shaft or motor. EPDM coupling sleeve for variable-speed applications.

F. Coupling Guard: Dual rated; ANSI B15.1, Section 8; OSHA 1910.219 approved; steel; removable; attached to mounting frame.
G. Mounting Frame: Welded-steel frame and cross members, factory fabricated from ASTM A 36/A 36M channels and angles. Fabricate to mount pump casing, 

coupling guard, and motor.
H. Motor: Single speed, secured to mounting frame, with adjustable alignment.

1. 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.

2. Comply with NEMA designation, temperature rating, service factor, and efficiency requirements for motors specified in Section 23 05 13 "Common 
Motor Requirements for HVAC Equipment."

2.6 SEPARATELY COUPLED, BASE-MOUNTED, DOUBLE-SUCTION CENTRIFUGAL PUMPS
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. Armstrong Pumps, Inc.
2. Crane Pumps & Systems.
3. PACO Pumps; Grundfos Pumps Corporation, USA.
4. Patterson Pump Company; a Gorman-Rupp company.

B. Description: Factory-assembled and -tested, centrifugal, impeller-between-bearings, separately coupled, double-suction pump as defined in HI 1.1-1.2 and 
HI 1.3; designed for base mounting, with pump and motor shafts horizontal.

C. Capacities and Characteristics:
1. See pump schedules on drawings.

D. Pump Construction:
1. Casing:  Horizontally split, cast iron, with replaceable bronze wear rings, threaded gage tappings at inlet and outlet, drain plug at bottom and air vent at 

top of volute, and ASME B16.1, Class 125 flanges. Casing supports shall allow removal and replacement of impeller without disconnecting piping.
2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, and keyed to shaft. For pumps not frequency-drive controlled, trim impeller to 

match specified performance.
3. Pump Shaft: Stainless steel.
4. Seal: Mechanical seal consisting of carbon rotating ring against a ceramic seat held by a stainless-steel spring, and Buna-N, EPT or Viton bellows and 

gasket.
5. Seal: Packing seal consisting of stuffing box with a minimum of four rings of graphite-impregnated braided yarn with bronze lantern ring between 

center two graphite rings, and bronze packing gland.
6. Pump Bearings: Grease-lubricated ball bearings in cast-iron housing with grease fittings.

E. Shaft Coupling: Molded-rubber insert and interlocking spider capable of absorbing vibration. Couplings shall be drop-out type to allow disassembly and 
removal without removing pump shaft or motor. EPDM coupling sleeve for variable-speed applications.

F. Coupling Guard: Dual rated; ANSI B15.1, Section 8; OSHA 1910.219 approved; steel; removable; attached to mounting frame.
G. Mounting Frame: Welded-steel frame and cross members, factory fabricated from ASTM A 36/A 36M channels and angles. Fabricate to mount pump casing, 

coupling guard, and motor.
H. Motor: Single speed, secured to mounting frame, with adjustable alignment.

1. 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.

2. Comply with NEMA designation, temperature rating, service factor, and efficiency requirements for motors specified in Section 23 05 13 "Common 
Motor Requirements for HVAC Equipment."

2.7 SEPARATELY COUPLED, VERTICALLY MOUNTED, DOUBLE-SUCTION CENTRIFUGAL PUMPS
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. Armstrong Pumps, Inc.
2. ITT Corporation.
3. PACO Pumps; Grundfos Pumps Corporation, USA.

B. Description: Factory-assembled and -tested, centrifugal, impeller-between-bearings, separately coupled, double-suction pump as defined in HI 1.1-1.2 and 
HI 1.3; designed for installation with pump and motor shafts mounted vertically.

C. Capacities and Characteristics:
1. See pump schedules on drawings.

D. Pump Construction:
1. Casing: Radially split, cast iron, with replaceable bronze wear rings, threaded gage tappings at inlet and outlet, drain plug at bottom of volute, 

mounting support, and ASME B16.1, Class 125 flanges.
2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, and keyed to shaft. For pumps not frequency-drive controlled, trim impeller to 

match specified performance.
3. Pump Shaft: Stainless steel.
4. Seal: Mechanical seal consisting of carbon rotating ring against a ceramic seat held by a stainless-steel spring, and Buna-N, EPT or Viton bellows and 

gasket.
5. Seal: Packing seal consisting of stuffing box with a minimum of four rings of graphite-impregnated braided yarn with bronze lantern ring between 

center two graphite rings, and bronze packing gland.
6. Pump Bearings: Grease-lubricated ball bearings in cast-iron housing with grease fittings.

E. Shaft Coupling: Molded-rubber insert and interlocking spider capable of absorbing vibration.
F. Motor: Single speed and secured to casing.

1. 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.

2. Comply with NEMA designation, temperature rating, service factor, and efficiency requirements for motors specified in Section 23 05 13 "Common 
Motor Requirements for HVAC Equipment."

2.8 AUTOMATIC CONDENSATE PUMP UNITS
A. 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. Beckett Corporation.
2. Hartell Pumps; Milton Roy.
3. Little Giant Pump Co.
4. Mepco, LLC.

B. Description: Packaged units with corrosion-resistant pump, plastic tank with cover, and automatic controls. Include factory- or field-installed check valve and a 
72-inch-minimum, electrical power cord with plug.

C. Capacities and Characteristics:
1. Size per AHU condensate requirements.

2.9 PUMP SPECIALTY FITTINGS
A. Suction Diffuser:

1. Angle pattern.
2. 175-psig or 300-psig pressure rating, cast or ductile-iron body and end cap, pump-inlet fitting.
3. Bronze startup and bronze or stainless-steel permanent strainers.
4. Bronze or stainless-steel straightening vanes.
5. Drain plug.
6. Factory-fabricated support.

B. Triple-Duty Valve:
1. Angle or straight pattern.
2. 175-psig or 300-psig pressure rating, cast or ductile-iron body, pump-discharge fitting.
3. Drain plug and bronze-fitted shutoff, balancing, and check valve features.
4. Brass gage ports with integral check valve and orifice for flow measurement.

SECTION 23 21 23 (CONT.)
HYDRONIC PUMPS

PART 3 - EXECUTION
3.1 EXAMINATION

A. Examine equipment foundations and anchor-bolt locations for compliance with requirements for installation tolerances and other conditions affecting 
performance of the Work.

B. Examine roughing-in for piping systems to verify actual locations of piping connections before pump installation.
C. Examine foundations and inertia bases for suitable conditions where pumps are to be installed.
D. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PUMP INSTALLATION
A. Comply with HI 1.4 and HI 2.4.
B. Install pumps to provide access for periodic maintenance including removing motors, impellers, couplings, and accessories.
C. Independently support pumps and piping so weight of piping is not supported by pumps and weight of pumps is not supported by piping.
D. Automatic Condensate Pump Units: Install units for collecting condensate and extend to open drain.
E. Equipment Mounting:

1. Install base-mounted pumps on cast-in-place concrete equipment bases. Comply with requirements for equipment bases and foundations specified in 
Section 03 30 00 "Cast-in-Place Concrete."

2. Comply with requirements for vibration isolation and seismic control devices specified in Section 23 05 48 "Vibration and Seismic Controls for HVAC."
3. Comply with requirements for vibration isolation devices specified in Section 23 05 48.13 "Vibration Controls for HVAC."

F. Equipment Mounting: Install in-line pumps with continuous-thread hanger rods and spring hangers with vertical-limit stop of size required to support weight of 
in-line pumps.
1. Comply with requirements for seismic-restraint devices specified in Section 23 05 48 "Vibration and Seismic Controls for HVAC."
2. Comply with requirements for hangers and supports specified in Section 23 05 29 "Hangers and Supports for HVAC Piping and Equipment."

3.3 ALIGNMENT
A. Perform alignment service.
B. Comply with requirements in Hydronics Institute standards for alignment of pump and motor shaft. Add shims to the motor feet and bolt motor to base frame. 
C. Comply with pump and coupling manufacturers' written instructions.
D. After alignment is correct, tighten foundation bolts evenly but not too firmly. Completely fill baseplate with nonshrink, nonmetallic grout while metal blocks and 

shims or wedges are in place. After grout has cured, fully tighten foundation bolts.
3.4 CONNECTIONS

A. Comply with requirements for piping specified in Section 23 22 13 "Steam and Condensate Heating Piping" and Section 23 22 16 "Steam and Condensate 
Piping Specialties." Drawings indicate general arrangement of piping, fittings, and specialties.

B. Where installing piping adjacent to pump, allow space for service and maintenance.
C. Connect piping to pumps. Install valves that are same size as piping connected to pumps.
D. Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles.
E. Install check valve and throttling valve with memory stop or triple-duty valve on discharge side of pumps.
F. Install Y-type strainer or suction diffuser and shutoff valve on suction side of pumps.
G. Install flexible connectors on suction and discharge sides of base-mounted pumps between pump casing and valves.
H. Install pressure gages on pump suction and discharge or at integral pressure-gage tapping, or install single gage with multiple-input selector valve.
I. Install check valve and gate or ball valve on each condensate pump unit discharge.
J. Ground equipment according to Section 26 05 26 "Grounding and Bonding for Electrical Systems."
K. Connect wiring according to Section 26 05 19 "Low-Voltage Electrical Power Conductors and Cables."

3.5 STARTUP SERVICE
A. Perform startup service.

1. Complete installation and startup checks according to manufacturer's written instructions.
2. Check piping connections for tightness.
3. Clean strainers on suction piping.
4. Perform the following startup checks for each pump before starting:

a. Verify bearing lubrication.
b. Verify that pump is free to rotate by hand and that pump for handling hot liquid is free to rotate with pump hot and cold. If pump is bound or 

drags, do not operate until cause of trouble is determined and corrected.
c. Verify that pump is rotating in the correct direction.

5. Prime pump by opening suction valves and closing drains, and prepare pump for operation.
6. Start motor.
7. Open discharge valve slowly.

3.6 DEMONSTRATION
A. Train Owner's maintenance personnel to adjust, operate, and maintain hydronic pumps.

END OF SECTION

AIR COOLED SCREW LIQUID CHILLER

1. GENERAL
1.01. GENERAL REQUIREMENTS

The requirements of this Section shall conform to the general provisions of the Contract, including General and Supplementary Conditions, Conditions of 
the Contract, and Contract Drawings.

1.02. SCOPE
Provide Microprocessor controlled, twin-screw compressor, air-cooled, liquid chillers of the scheduled capacities as shown and indicated on the 
Drawings, including but not limited to:
A. Chiller package
B. Charge of refrigerant and oil
C. Electrical power and control connections
D. Chilled liquid connections
E. Manufacturer start-up

1.03. QUALITY ASSURANCE
A. Products shall be Designed, Tested, Rated and Certified in accordance with, and Installed in compliance with applicable sections of the 

following Standards and Codes:
1. AHRI 550/590 – Water Chilling Packages Using the Vapor Compression Cycle
2. AHRI 370 – Sound Rating of Large Outdoor Refrigerating and Air-Conditioning Equipment
3. ANSI/ASHRAE 15 – Safety Code for Mechanical Refrigeration
4. ANSI/ASHRAE 34 – Number Designation and Safety Classification of Refrigerants
5. ASHRAE 90.1 – Energy Standard for Buildings Except Low-Rise Residential Buildings
6. ANSI/NFPA 70 – National Electrical Code (N.E.C.)
7. ASME Boiler and Pressure Vessel Code, Section VIII, Division 1
8. OSHA – Occupational Safety and Health Act
9. Manufactured in facility registered to ISO 9001
10. Conform to Intertek Testing Services for construction of chillers and provide ETL/cETL Listed Mark

B. Factory Run Test: Chiller shall be pressure-tested, evacuated and fully charged with refrigerant and oil, and shall be factory operational run 
tested with water flowing through the vessel.

C. Chiller manufacturer shall have a factory trained and supported service organization.
D. Warranty: Manufacturer shall Warrant all equipment and material of its manufacture against defects in workmanship and material for a period of 

sixty-six (66) months from date of shipment or sixty (60) months from date of start-up, whichever occurs first. Warranty shall cover the entire 
unit including all parts, labor and refrigerant.

E. Planned Service Agreement (PSA) for the 1st year of operation (to include 1 Comprehensive and 2 Operational Inspections and Oil Analysis)
1.04. DELIVERY AND HANDLING

A. Unit shall be delivered to job site fully assembled with all interconnecting refrigerant piping and internal wiring ready for field installation and 
charged with refrigerant and oil by the Manufacturer.

B. Provide protective covering over vulnerable components for unit protection during shipment. Fit nozzles and open ends with plastic enclosures.
C. Unit shall be stored and handled per Manufacturer’s instructions.

2. PRODUCTS
2.01. MANUFACTURERS

A. The design shown on the Drawings is based on YORK model YVAA chiller manufactured by Johnson Controls / YORK. Alternate equipment will 
be acceptable if the manufacturer’s equipment meets the scheduled performance and complies with these specifications. If equipment 
manufactured by a manufacturer other than that scheduled is utilized, then the Mechanical Contractor shall be responsible for coordinating with 
the General Contractor and all affected Subcontractors to insure proper provisions for installation of the furnished unit. This coordination shall 
include, but not be limited to, the following:
1. Structural supports for units.
2. Piping size and connection/header locations.
3. Electrical power requirements and wire/conduit and overcurrent protection sizes.
4. Chiller physical size on plant layout.
5. Site noise considerations.

B. The Mechanical Contractor shall be responsible for all costs incurred by the General Contractor, Subcontractors, and Consultants to modify the 
building provisions to accept the furnished alternate equipment.

2.02. GENERAL
A. Description: Furnish, Install, and Commission factory assembled, charged, and operational run tested air-cooled screw compressor chiller as 

specified herein and shown on the Drawings. Chiller shall include, but is not limited to: a complete system with multiple independent refrigerant 
circuits, semi hermetic twin screw compressors, shell and tube hybrid falling film type evaporator, air-cooled condenser, R134a refrigerant, 
lubrication system, interconnecting wiring, safety and operating controls including capacity controller, control center, motor starting components, 
and special features as specified herein or required for safe, automatic operation.

B. Operating Characteristics:
1. Provide low and high ambient temperature control options as required to ensure unit is capable of starting and operating from -10°F to 

125°F (-23°C to 52°C) ambient temperature.
2. Cabinet: Unit panels, structural elements, control boxes and heavy gauge structural base shall be constructed of painted galvanized 

steel. All exposed sheet steel shall be coated with baked on powder paint to meet 1000-hour salt spray test in accordance with the 
ASTM B117 standard.

3. Shipping: Unit shall ship in one piece and shall require installer to provide only a single evaporator inlet and outlet pipe connection. If 
providing chiller model that ships in multiple pieces, bid shall include all the material and field labor costs for factory authorized 
personnel to install a trim kit to connect the pieces as well as all interconnecting piping and wiring.

2.03. COMPRESSORS
A. Compressor Motors: Refrigerant suction-gas cooled accessible hermetic compressor motor, full suction gas flow through 0.006” (0.1524 mm) 

maximum mesh screen, with inherent internal thermal overload protection and external current overload on all three phases.
B. Balancing Requirements: All rotating parts shall be statically and dynamically balanced.
C. Lubrication System: External oil separators with no moving parts, 450 psig (31 barg) design working pressure, and ETL listing shall be provided 

on the chiller. Refrigerant system differential pressure shall provide oil flow through service replaceable, 0.5 micron, full flow, cartridge type oil 
filter internal to compressor. Filter bypass, less restrictive media, or oil pump not acceptable.

D. Capacity Control: Compressors shall start at minimum load. Provide Microprocessor control to command compressor capacity to balance 
compressor capacity with cooling load.

2.04. REFRIGERANT CIRCUIT COMPONENTS
A. Refrigerant: R-134a. Classified as Safety Group A1 according to  ASHRAE 34.
B. Equipment supplied shall comply with LEED Energy & Atmosphere Credit 4, Enhanced Refrigerant Management.
C. Each independent refrigerant circuit shall incorporate all components necessary for the designed operation including: liquid line shut-off valve 

with charging port, low side pressure relief device, removable core filter-drier and sight glass with moisture indicator.
D. Chiller manufacturer shall provide an independent circuit for each compressor to provide maximum redundancy during chiller operation. If 

equipment does not have independent circuits per compressor, manufacturer shall provide owner one spare compressor of each unique size.
E. Discharge lines shall be provided with manual compressor shut-off service valves.

2.05. HEAT EXCHANGERS
A. Evaporator:

1. Evaporator shall be shell and tube, hybrid falling film type with 3 pass arrangement to optimize efficiency and refrigerant charge. Tubes 
shall be high-efficiency, internally and externally enhanced type copper tubes with 0.035” (0.89 mm) minimum wall thickness at all 
intermediate tube supports to provide maximum tube wall thickness at the support area. Each tube shall be roller expanded into the 
tube sheets providing a leak proof seal, and be individually replaceable. Independent refrigerant circuits shall be provided per 
compressor.

2. Constructed, tested, and stamped in accordance with applicable sections of ASME pressure vessel code for minimum 235 psig (16
barg) refrigerant side design working pressure and 150 psig (10 barg) liquid side design working pressure.

3. Water boxes shall be removable to permit tube cleaning and replacement. Water boxes shall include liquid nozzle connections suitable 
for ANSI/AWWA C-606 couplings, welding, or flanges.

4. Provide vent and drain fittings, and thermo-statically controlled heaters to protect to 0°F (-17.8°C) ambient temperature in off-cycle.
5. Connection location: Chilled liquid inlet and outlet nozzle connections are located at rear (opposite control panel) end of unit.

B. Air-cooled Condenser:
1. Condenser coils shall be microchannel type, parallel flow aluminum alloy tubes metallurgically brazed as one piece to enhanced 

aluminum alloy fins. Waterside economizer coil shall be tube and fin type with 3/8" diameter tube for low pressure drop and to avoid 
clogging.  If microchannel economizer coils are provided, contractor is responsible to provide wye-strainer properly sized to avoid 
economizer coil clogging.  Condenser coils shall be designed for 350 psig (24 barg) or higher working pressure.  Economizer coils shall 
be designed for 150 psig (10.3 barg) or higher.

2. Unit shall include Wire Panels: Heavy gauge, welded wire mesh coated to resist corrosion, to protect condenser coils from incidental 
damage and also restrict unauthorized access to internal components.

3. Low Sound Fans with Variable Speed Drives. All fans shall be powered by VSDs. Fans shall provide vertical air discharge from 
extended orifices. Fans shall be composed of corrosion resistant aluminum hub and glass-fiber-reinforced polypropylene composite 
blades molded into a low-noise airfoil section. Fan impeller shall be dynamically balanced for vibration-free operation. Fan guards of 
heavy gauge, PVC (polyvinyl chloride) coated or galvanized steel.

4. Fan Motors: High efficiency, direct drive, 3-phase, insulation class “F”, current protected, Totally Enclosed Air-Over (TEAO), with 
double sealed, permanently-lubricated ball bearings. Open Drip Proof (ODP) fan motors will not be acceptable.

AIR COOLED SCREW LIQUID CHILLER (CONT.)

2.06. INSULATION
A. Material: Closed-cell, flexible, UV protected, thermal insulation complying with ASTM C 534 Type 2 (Sheet) for preformed flexible elastomeric 

cellular thermal insulation in sheet and tubular form.
B. Thickness: 3/4" (19mm).
C. Thermal conductivity: 0.26 (BTU/HR-Ft2-°F/in) maximum at 75°F mean temperature.
D. Factory-applied insulation over cold surfaces of liquid chiller components including evaporator shell, water boxes, and suction line. Liquid 

nozzles shall be insulated by Contractor after pipe installation.
E. Adhesive: As recommended by insulation manufacturer and applied to 100 percent of insulation contact surface including all seams and joints.

2.07. ACOUSTICAL DATA
A. Provide acoustical sound power or sound pressure level data in decibels (dB) at the scheduled eight (8) octave band center frequencies. A-

weighted sound data alone is not acceptable.
B. Provide all sound power or sound pressure level data at 100%, 75%, 50%, and 25% load.
C. Supplied equipment shall not exceed scheduled sound power or sound pressure level data at any load point. The mechanical Contractor shall 

be responsible for any additional costs associated with equipment deviation.
D. Acoustical performance ratings shall be in accordance with AHRI Standard 370.

2.08. POWER AND ELECTRICAL REQUIREMENTS
A. Power/Control Panel:

1. Factory installed and wired NEMA 3R, powder painted steel cabinets with tool lockable, hinged, latched, and gasket sealed outer doors 
equipped with wind struts for safer servicing. Provide main power connection(s), compressor starters and fan motor contactors, current 
overloads, and factory wiring.

2. Panel shall include control display access door.
B. Single Point Power:

1. Provide single point power connection to chiller, shall be 3 phase of scheduled voltage.
2. Single Point Disconnect: A non-fused disconnect and lockable external handle shall be provided at the point of incoming single point 

connection for field connection, interconnecting wiring to the compressors, and isolating the unit power voltage for servicing. Separate 
external fusing must be supplied, by others, in the incoming power wiring which must comply with local codes.

C. Control Transformer: Power panel shall be supplied with a factory mounted and wired control transformer that will supply all unit control voltage 
from the main unit power supply. Transformer shall utilize scheduled line voltage on the primary side and provide 115V/1Ø on secondary.

D. Short Circuit Withstand Rating of the chiller electrical enclosure shall be (380, 400, & 460V: 50,000 Amps). Rating shall be published in 
accordance with UL508.

E. Motor Starters: Motor starters shall be Variable Frequency Drive type with zero electrical inrush current. Wye-Delta, Solid State, and Across the 
Line type starters will not be acceptable.

F. Power Factor:
1. Provide equipment with power factor correction capacitors as required to maintain a displacement power factor of 95% at all load 

conditions.
2. The installing contractor is responsible for additional cost to furnish and install power factor correction capacitors if they are not factory 

mounted and wired.
G. All exposed power wiring shall be routed through liquid-tight, UV-stabilized, non-metallic conduit.
H. Supplied equipment shall not exceed scheduled Minimum Circuit Ampacity (MCA.) The mechanical Contractor shall be responsible for any 

additional costs associated with equipment deviation.
2.09. CONTROLS

A. General:
1. Provide automatic control of chiller and waterside economizer operation including compressor start/stop and load/unload, anti-recycle 

timers, condenser fans, evaporator pump, evaporator heater, waterside economizer bypass value, unit alarm contacts and run signal 
contacts.

2. Chiller shall automatically reset to normal chiller operation after power failure.
3. Unit operating software shall be stored in non-volatile memory. Field programmed set points shall be retained in lithium battery backed 

regulated time clock (RTC) memory for minimum 5 years.
4. Alarm contacts shall be provided to remote alert for any unit or system safety fault.

B. Display and Keypad:
1. Provide minimum 80 character liquid crystal display that is both viewable in direct sunlight and has LED backlighting for nighttime 

viewing. Provide one keypad and display panel per chiller.
2. Display and keypad shall be accessible through display access door without opening main control/electrical cabinet doors.
3. Display shall provide a minimum of unit setpoints, status, electrical data, temperature data, pressures, safety lockouts and diagnostics 

without the use of a coded display.
4. Descriptions in English (or available language options), numeric data in English (or Metric) units.
5. Sealed keypad shall include unit On/Off switch.

C. Programmable Setpoints (within Manufacturer limits): Display language, chilled liquid cooling mode, local/remote control mode, display units 
mode, system lead/lag control mode, remote temperature reset, remote current limit, remote sound limit, low ambient temperature cutout 
enable/disable, leaving chilled liquid setpoint and range, maximum remote temperature reset.

D. Display Data: Chilled liquid leaving and entering temperatures; outside ambient air temperature; lead system; evaporator pump status; active 
remote control; compressor suction, discharge, and oil pressures per refrigerant circuit; compressor discharge, motor, and oil temperatures per 
refrigerant circuit; saturation temperatures per refrigerant circuit; compressor speed; condenser fan status; condenser subcooling temperature; 
condenser drain valve percentage open; compressor capacity in percentage of Full Load Amps; compressor number of starts; run time; 
operating hours; evaporator heater status; history data for last ten shutdown faults; history data for last 20 normal (non-fault) shutdowns.

E. Predictive Control Points: Unit controls shall avoid safety shutdown when operating outside design conditions by optimizing the chiller controls 
and cooling load output to stay online and avoid safety limits being reached. The system shall monitor the following parameters and maintain the 
maximum cooling output possible without shutdown of the equipment: motor current, suction pressure, discharge pressure, starter internal 
ambient temperature, and starter baseplate temperature.

F. System Safeties: Shall cause individual compressor systems to perform auto-reset shut down if: high discharge pressure or temperature, low 
suction pressure, low motor current, high/low differential oil pressure, low discharge superheat, high motor temperature, system control voltage.

G. Unit Safeties: Shall be automatic reset and cause compressors to shut down if: high or low ambient temperature, low leaving chilled liquid 
temperature, under voltage, flow switch operation. Contractor shall provide flow switch and wiring per chiller manufacturer requirements.

H. Manufacturer shall provide any controls not listed above, necessary for automatic chiller operation. Mechanical Contractor shall provide field 
control wiring necessary to interface sensors to the chiller control system.

2.10. ACCESSORIES AND OPTIONS
Some accessories and options supersede standard product features. All options are factory-mounted unless otherwise noted.
A. CONTROLS OPTIONS:

1. Building Automation System Interface: Chiller to accept BACnet MS/TP, N2 and Modbus protocol from BAS (by others).  BACnet to be 
BACnet Testing Laboratories (BTL) listed and support BACnet Automatic Discovery to eliminate field commissioning of chiller controls.

B. GENERAL OPTIONS:
1. Vibration Isolation (All Options Field Mounted by Contractor):

a. Provide Elastomeric Isolators.
3. EXECUTION

3.01. INSTALLATION
A. General: Rig and Install in full accordance with Manufacturer’s requirements, Project drawings, and Contract documents.
B. Location: Locate chiller as indicated on drawings, including cleaning and service maintenance clearance per Manufacturer instructions. Adjust 

and level chiller on support structure.
C. Components: Installing Contractor shall provide and install all auxiliary devices and accessories for fully operational chiller.
D. Electrical: Coordinate electrical requirements and connections for all power feeds with Electrical Contractor.
E. Controls: Coordinate all control requirements and connections with Controls Contractor.
F. Finish: Installing Contractor shall paint damaged and abraded factory finish with touch-up paint matching factory finish.
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)

TIE INTO INTO THE EXISTING CHWS/CHWR LINES THAT 
RUN FROM THE PLANT TO THE BUILDING 112. LINES 
BACK TO PLANT WILL BE ABANDONED IN PLACE. 
EXACT TIE-IN REQUIREMENTS WILL BE FIELD 
DETERMINED WHEN LINES ARE EXPOSED. WHICH 
EXISTING PIPE IS SUPPLY AND RETURN ALSO SHALL 
BE CONFIRMED.

CH-1

6" CHWS
6" CHWR (BELOW)

DISCONNECT AND REMOVE SECTIONS OF 
THE CHILLED WATER SUPPLY AND RETURN 
LINES TO INSTALL BLIND FLANGES ON THE 
BLDG 112 SIDE OF THE EXISTING VALVES. 
THE EXISTING VALVES ARE LOCATED 
ABOUT 600 FEET NORTH NEAR THE 
INTERSECTION OF WINTERBERRY COURT 
AND DOUGLAS W. BRISTER BLVD.
TO LOCATED THE VALVES LOOK FOR THE 
VALVE BOXES AT GRADE LEVEL. SEE 
PHOTO ABOVE.

6" 6"
CH

W
R?

CH
W

S?

EXISTING PIPING TO BLDG 112 
MECHANICAL ROOM.
SEE MP102

PROVIDE AND INSTALL
1. PIPE TO BE BLACK CARBON STEEL ASTM A53
2. PIPE SUPPORTS WITH STANDS
3. 2" CLOSED CELL INSULATION WITH ALUMINUM JACKET
4. RAYCHEM XL-TRACE SELF REGULATING TRACE HEATING CABLES

A. 5XL1-CT
B. 120V/1PH
C. 5 W/FT

CHILLER TO BE INSTALLED 
PER MANUFACTURER'S 
REQUIREMENTS

PIPE BELOW GRADE

TO CHILLER PLANT

NEW BLIND FLANGE (TYP.)

EXISTING VALVE (TYP.)

DEMOLISH PIPE SECTION (TYP.)
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1/4" = 1'-0"1 CHILLER AREA

LOCATION OF CHILLED WATER 
VALVES THAT REQUIRE PIPE 
CUTTING AND BLIND FLANGES. SEE 
NOTE BELOW.
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CHWP-1 CHWP-2
NEW TRIPLE DUTY 
VALVE, SUCTION 
DIFFUSER AND FLEX 
CONNECTOR.

TO CHILLER AREA. SEE MP101

RECONNECT SUPPLY AND 
RETURN LINES WITH NEW 
PIPE SHOWN IN BOLD

SEE MP001 FOR 
PIPE SIZES

REPLACE EXISTING VALVE 
WITH SPOOL PIECE TO 
NEW CONNECTION

TIE-IN POINTS
CHWS

TIE-IN POINTS
CHWR

TIE-IN POINT

TIE-IN POINT

NEW PUMPS

CHWS

CHWR

CH
W

S

CH
W

R

DEMO EXISTING PUMP 
ASSEMBLIES (PUMP, TDV, 
SUCTION DIFFUSER, AND FLEX 
CONNECTOR)

DEMO EXISTING BYPASS. RECONNECT 
SUPPLY AND RETURN LINES INDIVIDUALLY. 
SEE PHOTOS FOR MORE DETAILS. 

TO CHILLER AREA. SEE MP101

EXISTING AIR 
SEPARATOR TO 
REMAIN

REMOVE EXISTING 
CONTROL VALVE AND 
TURN OVER TO OWNER
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1/2" = 1'-0"1 MECHANICAL ROOM PLAN
1/2" = 1'-0"2 MECHANICAL ROOM DEMO PLAN

PICTURE 2: STRAINER

DEMO THROUGH 
STRAINER ON 
SUPPLY LINE

PICTURE 1: BYPASS

DEMO BYPASS

DEMO RETURN LINE AS REQUIRED 
TO RECONNECT BEFORE BYPASS. 

DEMO SUPPLY LINE FROM AND 
INCLUDING THE STRAINER TO 
THE EXISTING AIR SEPARATOR.
SEE PHOTO 2 & 3.

PICTURE 3: AIR SEPARATOR

DEMO SUPPLY LINE 
TO EXISTING AIR 
SEPARATOR

REMOVE EXISTING 
CONTROL VALVE 
AND TURN OVER 
TO OWNER. 
REPLACE WITH 
SPOOL PIECE.

ADDED NOTES TO PLANS NO CHANGES IN SCOPE
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