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e. Relay shall be in a dustproof housing. 

f. 6.     Accuracy to be <2% of full-scale max. 

g. Temperature rating of 5˚F to 140˚F. 

h. Whenever the status of a single speed motor is monitored it shall be done via a 
current sensing relay.  

i. The BMS contractor shall provide current sensing relays at the MCC starters.  

j. The BMS contractor shall provide the current sensing relays for motors with local 
starters and no MCC starter. 

H. Override Timers: 

1. Unless implemented in control software, override timers shall be spring-wound line 
voltage, UL Listed, with contact rating and configuration required by application. Provide 
0–6 hour calibrated dial unless otherwise specified. Flush mount timer on local control 
panel face or where shown. 

I. Current Transmitters: 

1. AC current transmitters shall be self-powered, combination split-core current transformer 
type with built-in rectifier and high-gain servo amplifier with 4–20 mA two-wire output. Full-
scale unit ranges shall be 10 A, 20 A, 50 A, 100 A, 150 A, and 200 A, with internal zero 
and span adjustment. Unit accuracy shall be ±1% full-scale at 500 ohm maximum burden. 

2. Transmitter shall meet or exceed ANSI/ISA S50.1 requirements and shall be UL/CSA 
recognized. 

3. Unit shall be split-core type for clamp-on installation on existing wiring. 
J. Current Transformers: 

1. Control transformers shall be UL listed, Class 2 current-limiting type, or shall be furnished 
with over-current protection in both primary and secondary circuits for Class 2 service. 

2. Unit output shall match the required output current and voltage requirements. Current 
output shall allow for a 50% safety factor. Output ripple shall be 3.0 mV maximum Peak-
to-Peak. Regulation shall be 0.10% line and load combined, with 50 microsecond 
response time for 50% load changes. Unit shall have built-in over-voltage protection. 

3. Unit shall operate between 32 °F to 122 °F (0° C and 50° C). 
4. Transformers shall be available in various current ratios and shall be selected for ±1% 

accuracy at 5 A full-scale output. 
5. Use fixed-core transformers for new wiring installation and split-core transformers for 

existing wiring installation. 
K. Voltage Transmitters: 

1. AC voltage transmitters shall be self-powered single-loop (two-wire) type, 4–20 mA output 
with zero and span adjustment. 

2. Adjustable full-scale unit ranges shall be 100–130 Vac, 200–250 Vac, 250–330 Vac, and 
400–600 Vac. Unit accuracy shall be ±1% full-scale at 500 ohm maximum burden. 

3. Transmitters shall meet or exceed ANSI/ISA S50.1 requirements and shall be UL/CSA 
recognized at 600 Vac rating. 
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L. Voltage Transformers: 

1. AC voltage transformers shall be UL/CSA recognized, 600 Vac rated, and shall have 
built-in fuse protection. 

2. Transformers shall be suitable for ambient temperatures of 4°C–55°C (40°F–130°F) and 
shall provide ±0.5% accuracy at 24 Vac and 5 VA load. 

3. Windings (except for terminals) shall be completely enclosed with metal or plastic. 
M. Power Monitors: 

1. Selectable rate pulse output for kWh reading, 4–20 mA output for kW reading, N.O. alarm 
contact, and ability to operate with 5.0 amp current inputs or 0–0.33 volt inputs. 

2. 1.0% full-scale true RMS power accuracy, +0.5 Hz, voltage input range 120–600 V, and 
auto range select. 

3. Under voltage/phase monitor circuitry. 
4. NEMA 1 enclosure. 
5. Current transformers having a 0.5% FS accuracy, 600 VAC isolation voltage with 0–0.33 

V output. If 0–5 A current transformers are provided, a three-phase disconnect/shorting 
switch assembly is required. 

N. Current Switches: 

1. Current-operated switches shall be self-powered, solid-state with adjustable trip current. 
Select switches to match application current and DDC system output requirements. 

O. Pressure Transducers: 

1. Transducers shall have linear output signal and field-adjustable zero and span. 
2. Transducer sensing elements shall withstand continuous operating conditions of positive 

or negative pressure 50% greater than calibrated span without damage. 
3. Water pressure transducer diaphragm shall be stainless steel with minimum proof 

pressure of 1000 kPa (150 psi). Transducer shall have 4–20 mA output, suitable 
mounting provisions, and block and bleed valves. 

4. Water differential pressure transducer diaphragm shall be stainless steel with minimum 
proof pressure of 1000 kPa (150 psi). Over-range limit (differential pressure) and 
maximum static pressure shall be 2000 kPa (300psi). Transducer shall have 4–20 mA 
output, suitable mounting provisions, and 5-valve manifold. 

P. Local Control Panels: 

1. All indoor control cabinets shall be fully enclosed NEMA 1 construction with (hinged door) 
key-lock latch and removable subpanels. A single key shall be common to all field panels 
and subpanels. 

2. Interconnections between internal and face-mounted devices shall be prewired with color-
coded stranded conductors neatly installed in plastic troughs and/or tie-wrapped. 
Terminals for field connections shall be UL listed for 600 volt service, individually 
identified per control/ interlock drawings, with adequate clearance for field wiring. Control 
terminations for field connection shall be individually identified per control drawings. 

3. Provide ON/OFF power switch with overcurrent protection for control power sources to 
each local panel. 
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Q. Combination Room Temperature Sensor: 

1. Occupant-focused, communicating room sensor, providing precise temperature sensing 
for an all-in-one room device. 

2. Device shall be a combination temperature sensor and input array that communicates 
with field controller. 

a. On board temperature sensor: 

1) Range of 41˚F to 104˚F. 
2) Accuracy of 0.9˚F. 
3) Resolution of 0.18˚F. 

3. Dual connector ports for field controller connection shall support both power and 
communication, with provision for “daisy-chain” connection, so that more than one 
communicating sensor can be used with a single field controller. Dual connector ports 
shall be female RJ45 ports, and shall be compatible with standard Ethernet pinout T568B. 

4. Hardware options in combinations in any and all of the following: 

a. Temperature Setpoint Offset Adjustment: 

1) “Infinite” Rotary Knob for setpoint offset. 
R. Discrete Combination Sensor: 

1. Discrete communicating sensor combining precise environmental sensing – temperature 
and humidity for applications requiring no occupant driven overrides. 

2. Dual connector ports for connection to field controller shall support both power and 
communication, with provision for “daisy-chain” connection, so that more than one 
communicating sensor can be used with a single field controller. Dual connector ports 
shall be female RJ45 ports, and shall be compatible with standard Ethernet pinout T568B. 

3. Hardware options in combinations of any and all of the following: 

a. On board temperature sensor: 

1) Range of 41˚F to 104˚F. 
2) Accuracy of 0.9˚F. 
3) Resolution of 0.18˚F. 

b. On-board humidity sensor: 

1) Accuracy of 3% RH 
2) Resolution of 1% RH 

S. Variable Frequency Drives: 

1. All VFDs shall be provided, mounted and installed by the Division 26 Contractor.  Refer to 
26 2923 - Variable-Frequency Motor Controllers for requirements. 

2.12 WIRING AND RACEWAYS 

A. General. Provide copper wiring, plenum cable, and raceways as specified in applicable 
sections of Division 26. 

B. Insulated wire shall use copper conductors and shall be UL listed for 90°C (200°F) minimum 
service. 
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C. Wire shall be a minimum of #18 gauge, color coded, stranded wire for all low voltage, 
electronic circuit with "spares" installed (one for every group of 10 wires) in conduit. 

D. Coordinate the requirements for 120V circuits for the ASC's.  All control transformers shall be 
the responsibility of this contractor. Reference the electrical drawings for circuit locations. 

E. All BACNet IP and/or Ethernet cabling based connections shall be the responsibility of the 
Temperature Controls Contractor.  Coordinate cable type, termination location, and cable 
routing with owner’s IT personnel. 

PART 3  EXECUTION 

3.1 GENERAL 

A. All HVAC equipment control points recognized by the controllers, both factory and field 
installed, shall be integrated into the new BAS for full control and manipulation via the 
operator's interface/workstation. 

1. The BAS personnel must utilize their own license while on site and not use the Owner's 
license to access the control system. 

B. Each piece of equipment with potential of being automatically locked out of operation due to 
unit fault(s) shall be capable of being reset remotely from the Owner's workstation. Specific 
procedures to do so shall be demonstrated for each type of equipment installed on this project. 

C. Owner's requirements for graphics: 

1. Nomenclature used must be consistent throughout all graphics. 
2. All graphics to be adjusted accordingly to reduce clutter. Additional page(s) must be 

added in required.  Boxes shall not be used unless necessary. 
3. HVAC equipment to have animated fans, pumps, water flow, air flow, etc. to indicate 

actual conditions (status not commanded state). 
4. Home page should include links for each major piece of equipment (air handling unit, 

chiller, boiler, lighting, utilities, exhaust fans, etc.). 
5. Display the fire alarm activation point on the home page. 
6. Display outside air temperature and humidity at top of each graphics page. 
7. Floor plan graphics should indicate location of duct static sensors, outside air reference 

sensor, building static sensor, differential pressure transmitter (water), gas meter, water 
meter, GPM meters, etc. 

8. Graphics must exactly match the equipment and components to reflect the actual items 
installed. 

9. Each graphics page shall contain a link to the control diagram and sequence for that 
particular piece of equipment. 

10. The 'effective set point' shall be displayed on each graphic. 
11. Thermostat adjustment shall be displayed on each graphic. 
12. Provide floor plan graphics with accurate room numbers in large print with a selectable 

box displaying the room temperature. Selecting the temperature box will open that 
specific room's unit graphic. 



 
WRC Decentralization Phase 3  
IDAS Project # 9279.30 
SH Project # 2142203394  

 

Direct-Digital Control System for 
HVAC  
23 0923 - 28  

Issued for Bid 
01-11-2024   

13. Provide direct link to sequence of operation from the graphic page for each piece of 
equipment. 

14. Show run time hours for each piece of equipment (i.e., pumps) that has a rotation 
schedule. 

15. Provide summary page to show current data for all heat pump/terminal units. 
16. All major equipment home page shall have a descriptor of area(s) served and associated 

terminal boxes/units if applicable. 
17. Labels shown on graphic shall be intuitive (i.e., dampers and valves should show percent 

open or open/closed if two position, heat pump reversing valves should read heat/cool). 

3.2 EXAMINATION 

A. Verify existing conditions before starting work. Any discrepancies, conflicts, or omissions shall 
be reported to the engineer for resolution before rough-in work is started. 

B. Verify that conditioned power supply is available to the control units and to the operator 
workstation. Verify that field end devices, wiring, and pneumatic tubing is installed prior to 
installation proceeding. 

C. The project plans shall be thoroughly examined for control device and equipment locations. 
Any discrepancies, conflicts, or omissions shall be reported to the architect/engineer for 
resolution before rough-in work is started. 

D. The contractor shall examine the drawings and specifications for other parts of the work. If 
head room or space conditions appear inadequate—or if any discrepancies occur between the 
plans and the contractor’s work and the plans and the work of others—the contractor shall 
report these discrepancies to the engineer and shall obtain written instructions for any changes 
necessary to accommodate the contractor’s work with the work of others. Any changes in the 
work covered by this specification made necessary by the failure or neglect of the contractor to 
report such discrepancies shall be made by—and at the expense of—this contractor. 

3.3 PROTECTION 

A. The contractor shall protect all work and material from damage by his/her work or employees 
and shall be liable for all damage thus caused. 

B. The contractor shall be responsible for his/her work and equipment until finally inspected, 
tested, and accepted. The contractor shall protect any material that is not immediately 
installed. The contractor shall close all open ends of work with temporary covers or plugs 
during storage and construction to prevent entry of foreign objects. 

3.4 COORDINATION 

A. Site: 

1. Where the mechanical work will be installed in close proximity to, or will interfere with, 
work of other trades, the contractor shall assist in working out space conditions to make a 
satisfactory adjustment. If the contractor installs his/her work before coordinating with 
other trades, so as to cause any interference with work of other trades, the contractor 
shall make the necessary changes in his/her work to correct the condition without extra 
charge. 

2. Coordinate and schedule work with other work in the same area and with work dependent 
upon other work to facilitate mutual progress. 
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B. Test and Balance: 

1. The contractor shall furnish a single set of all tools necessary to interface to the control 
system for test and balance purposes. 

2. The contractor shall provide training in the use of these tools. This training will be planned 
for a minimum of 4 hours. 

3. In addition, the contractor shall provide a qualified technician to assist in the test and 
balance process, until the first 20 terminal units are balanced. 

4. The tools used during the test and balance process will be returned at the completion of 
the testing and balancing. 

C. Coordination with controls specified in other sections or divisions: Other sections and/or 
divisions of this specification include controls and control devices that are to be part of or 
interfaced to the control system specified in this section. These controls shall be integrated into 
the system and coordinated by the contractor as follows: 

1. All communication media and equipment shall be provided as specified in this Section. 
2. Each supplier of a controls product is responsible for the configuration, programming, 

start up, and testing of that product to meet the sequences of operation described on the 
plans. 

3. The contractor shall coordinate and resolve any incompatibility issues that arise between 
control products provided under this section and those provided under other sections or 
divisions of this specification. 

4. The contractor is responsible for providing all controls described in the contract 
documents regardless of where within the contract documents these controls are 
described. 

5. The contractor is responsible for the interface of control products provided by multiple 
suppliers regardless of where this interface is described within the contract documents. 

3.5 GENERAL WORKMANSHIP 

A. Install equipment, piping, and wiring/raceway parallel to building lines (i.e., horizontal, vertical, 
and parallel to walls) wherever possible. 

B. Provide sufficient slack and flexible connections to allow for vibration of piping and equipment. 

C. Install equipment in readily accessible locations as defined by Chapter 1 Article 100 Part A of 
the National Electrical Code (NEC). 

D. Verify integrity of all wiring to ensure continuity and freedom from shorts and grounds. 

E. All equipment, installation, and wiring shall comply with industry specifications and standards 
for performance, reliability, and compatibility and be executed in strict adherence to local codes 
and standard practices. 

3.6 FIELD QUALITY CONTROL 

A. All work, materials, and equipment shall comply with rules and regulations of applicable local, 
state, and federal codes and ordinances as identified in Part 1 of this Section. 

B. Contractor shall continually monitor the field installation for code compliance and quality of 
workmanship. 
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C. Contractor shall have work inspection by local and/or state authorities having jurisdiction over 
the work. 

3.7 ELECTRICAL POWER 

A. The contractor is responsible for providing all required electrical power to the temperature 
control system. 

3.8 WIRING: 

A. All control and interlock wiring shall comply with national and local electrical codes, and 
Division 26 of this specification. Where the requirements of this section differ from Division 26, 
the requirements of this section shall take precedence. 

B. All NEC Class 1 (line voltage) wiring shall be UL listed in approved raceway according to NEC 
and Division 26 requirements. 

C. All low-voltage wiring shall meet NEC Class 2 requirements. Low-voltage power circuits shall 
be subfused when required to meet Class 2 current limit. 

D. Where NEC Class 2 (current-limited) wires are in concealed and accessible locations, 
including ceiling return air plenums, approved cables not in raceway may be used provided 
that cables are UL listed for the intended application. 

E. All wiring in mechanical, electrical, or service rooms – or where subject to mechanical damage 
– shall be installed in raceway (conduit). 

F. Do not install Class 2 wiring in raceways containing Class 1 wiring. Boxes and panels 
containing high-voltage wiring and equipment may not be used for low-voltage wiring except 
for the purpose of interfacing the two (e.g., relays and transformers). 

G. Do not install wiring in raceway containing tubing. 

H. Where Class 2 wiring is run exposed, wiring is to be run parallel along a surface or 
perpendicular to it and neatly tied at 3 m (10 ft) intervals. 

I. Where plenum cables are used without raceway, they shall be supported from or anchored to 
structural members. Cables shall not be supported by or anchored to ductwork, electrical 
raceways, piping, or ceiling suspension systems. 

J. All wire-to-device connections shall be made at a terminal block or terminal strip. All wire-to-
wire connections shall be at a terminal block. 

K. All wiring within enclosures shall be neatly bundled and anchored to permit access and prevent 
restriction to devices and terminals. 

L. Maximum allowable voltage for control wiring shall be 120 V. If only higher voltages are 
available, the contractor shall provide step-down transformers. 

M. All wiring shall be installed as continuous lengths, with no splices permitted between 
termination points. 

N. Install plenum wiring in sleeves where it passes through walls and floors. Maintain fire rating at 
all penetrations. 

O. All exposed wiring shall be plenum rated. 

P. Size of raceway and size and type of wire type shall be the responsibility of the contractor in 
keeping with the manufacturer’s recommendations and NEC requirements, except as noted 
elsewhere. 
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Q. Include one pull string in each raceway 2.5 cm (1 in.) or larger. 

R. Use color-coded conductors throughout with conductors of different colors. 

S. Control and status relays are to be located in designated enclosures only. These enclosures 
include packaged equipment control panel enclosures unless they also contain Class 1 
starters. 

T. Conceal all raceways except within mechanical, electrical, or service rooms. Install raceway to 
maintain a minimum clearance of 15 cm (6 in.) from high-temperature equipment (e.g., steam 
pipes or flues). 

U. Secure raceways with raceway clamps fastened to the structure and spaced according to code 
requirements. Raceways and pull boxes may not be hung on flexible duct strap or tie rods. 
Raceways may not be run on or attached to ductwork. 

V. Adhere to this specification's Division 26 requirements where raceway crosses building 
expansion joints. 

W. Install insulated bushings on all raceway ends and openings to enclosures. Seal top end of 
vertical raceways. 

X. The contractor shall terminate all control and/or interlock wiring and shall maintain updated (as-
built) wiring diagrams with terminations identified at the job site. 

Y. Flexible metal raceways and liquid-tight flexible metal raceways shall not exceed 1 m (3 ft) in 
length and shall be supported at each end. Flexible metal raceway less than ½ in. electrical 
trade size shall not be used. In areas exposed to moisture, including chiller and boiler rooms, 
liquid-tight, flexible metal raceways shall be used. 

Z. Raceway must be rigidly installed, adequately supported, properly reamed at both ends, and 
left clean and free of obstructions. Raceway sections shall be joined with couplings (according 
to code). Terminations must be made with fittings at boxes, and ends not terminating in boxes 
shall have bushings installed. 

3.9 COMMUNICATION WIRING 

A. The contractor shall adhere to the items listed in the "Wiring" article in Part 3 of the 
specification. 

B. All cabling shall be installed in a neat and workmanlike manner. Follow manufacturer's 
installation recommendations for all communication cabling. 

C. Do not install communication wiring in raceways and enclosures containing Class 1 or other 
Class 2 wiring. 

D. Maximum pulling, tension, and bend radius for the cable installation, as specified by the cable 
manufacturer, shall not be exceeded during installation. 

E. Contractor shall verify the integrity of the entire network following cable installation. Use 
appropriate test measures for each particular cable. 

F. When a cable enters or exits a building, a lightning arrestor must be installed between the lines 
and ground. The lighting arrestor shall be installed according to manufacturer’s instructions. 

G. All runs of communication wiring shall be unspliced length when that length is commercially 
available. 

H. All communication wiring shall be labeled to indicate origination and destination data. 
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I. Grounding of coaxial cable shall be in accordance with NEC regulations article on 
"Communications Circuits, Cable, and Protector Grounding." 

J. BACnet MS/TP communications wiring shall be installed in accordance with ASHRAE/ANSI 
Standard 135. This includes but is not limited to: 

1. The network shall use shielded, twisted-pair cable with characteristic impedance between 
100 and 120 ohms. Distributed capacitance between conductors shall be less than 100 
pF per meter (30 pF per foot.) 

2. The maximum length of an MS/TP segment is 1200 meters (4000 ft) with AWG 18 cable. 
The use of greater distances and/or different wire gauges shall comply with the electrical 
specifications of EIA-485. 

3. The maximum number of nodes per segment shall be 32, as specified in the EIA 485 
standard. Additional nodes may be accommodated by the use of repeaters. 

4. An MS/TP EIA-485 network shall have no T connections. 

3.10 INSTALLATION OF SENSORS 

A. Install sensors in accordance with the manufacturer's recommendations. 

B. Mount sensors rigidly and adequately for environment within which the sensor operates. 

C. Room temperature sensors shall be installed on concealed junction boxes properly supported 
by wall framing. 

D. Check and verify location of thermostats with plans and room details before installation. Install 
thermostats 48 inches above floor to meet the Americans with Disabilities Act (ADA).  Align 
with lighting switches and humidistats. 

E. All wires attached to sensors shall be sealed in their raceways or in the wall to stop air 
transmitted from other areas from affecting sensor readings. 

F. All pipe-mounted temperature sensors shall be installed in wells. Install liquid temperature 
sensors with heat-conducting fluid in thermal wells. 

G. Install outdoor air temperature sensors on north wall, complete with sun shield at designated 
location. 

H. Install humidity sensors for duct mounted humidifiers at least 3 m (10 ft) downstream of the 
humidifier. Do not install filters between the humidifier and the sensor. 

3.11 FLOW SWITCH INSTALLATION 

A. Use correct paddle for pipe diameter. 

B. Adjust flow switch according to manufacturer's instructions. 

3.12 ACTUATORS 

A. General: Mount and link control damper actuators according to manufacturer's instructions. 

1. To compress seals when spring-return actuators are used on normally closed dampers, 
power actuator to approximately 5° open position, manually close the damper, and then 
tighten the linkage. 

2. Check operation of damper/actuator combination to confirm that actuator modulates 
damper smoothly throughout stroke to both open and closed positions. 
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3. Provide all mounting hardware and linkages for actuator installation. 
B. Electric/Electronic: 

1. Dampers: Actuators shall be direct mounted on damper shaft or jackshaft unless shown 
as a linkage installation. For low-leakage dampers with seals, the actuator shall be 
mounted with a minimum 5° travel available for tightening the damper seal. Actuators 
shall be mounted following manufacturer’s recommendations. 

2. Valves: Actuators shall be connected to valves with adapters approved by the actuator 
manufacturer. Actuators and adapters shall be mounted following the actuator 
manufacturer's recommendations. 

3.13 CONTROL VALVE INSTALLATION 

A. Valve submittals shall be coordinated for type, quantity, size, and piping configuration to 
ensure compatibility with pipe design. 

B. Slip-stem control valves shall be installed so that the stem position is not more than 60 
degrees from the vertical up position. Ball type control valves shall be installed with the stem in 
the horizontal position. 

C. Valves shall be installed in accordance with the manufacturer's recommendations. 

D. Control valves shall be installed so that they are accessible and serviceable and so that 
actuators may be serviced and removed without interference from structure or other pipes 
and/or equipment. 

E. Isolation valves shall be installed so that the control valve body may be serviced without 
draining the supply/return side piping system. Unions shall be installed at all connections to 
screw-type control valves. 

F. Provide tags for all control valves indicating service and number. Tags shall be brass, 1-1/2 
inch in diameter, with 1/4 inch high letters. Securely fasten with chain and hook. Match 
identification numbers as shown on approved controls shop drawings. 

3.14 CONTROL DAMPER INSTALLATION 

A. Damper submittals shall be coordinated for type, quantity, and size to ensure compatibility with 
sheet metal design. 

B. Duct openings shall be free of any obstruction or irregularities that might interfere with blade or 
linkage rotation or actuator mounting. Duct openings shall measure 1/4 inch larger than 
damper dimensions and shall be square, straight, and level. 

C. Individual damper sections, as well as entire multiple section assemblies, must be completely 
square and free from racking, twisting, or bending. Measure diagonally from upper corners to 
opposite lower corners of each damper section. Both dimensions must be within 0.3 cm (1/8 
in.) of each other. 

D. Follow the manufacturer's instructions for field installation of control dampers. Unless 
specifically designed for vertical blade application, dampers must be mounted with blade axis 
horizontal. 

E. Install extended shaft or jackshaft according to manufacturer’s instructions. (Typically, a sticker 
on the damper face shows recommended extended shaft location. Attach shaft on labeled side 
of damper to that blade.) 
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F. Damper blades, axles, and linkage must operate without binding. Before system operation, 
cycle damper after installation to ensure proper operation. On multiple section assemblies, all 
sections must open and close simultaneously. 

G. Provide a visible and accessible indication of damper position on the drive shaft end. 

H. Support ductwork in area of damper when required to prevent sagging due to damper weight. 

I. After installation of low-leakage dampers with seals, caulk between frame and duct or opening 
to prevent leakage around perimeter of damper. 

3.15 PACKAGED EQUIPMENT CONTROLS 

A. General: The electronic controls packaged with any equipment furnished under this contract 
shall communicate with the building direct digital control (DDC) system. The DDC system shall 
communicate with these controls to read the information and change the control setpoints as 
shown in the points list, sequences of operation, and control schematics. The information to be 
communicated between the DDC system and these controls shall be in the standard object 
format as defined in ANSI/ASHRAE Standard 135 (BACnet). Controllers shall communicate 
with other BACnet objects on the internetwork using the Read (Execute) Property service as 
defined in Clause 15.5 of Standard 135. 

B. Distributed Processing: The controller shall be capable of stand-alone operation and shall 
continue to provide control functions if the network connection is lost. 

C. I/O Capacity: The controller shall contain sufficient I/ O capacity to control the target system. 

D. The Controller shall have a physical connection for a laptop computer or a portable operator’s 
tool. 

E. Environment: The hardware shall be suitable for the anticipated ambient conditions. 

1. Controllers used outdoors and/or in wet ambient conditions shall be mounted within 
waterproof enclosures and shall be rated for operation at 40°C to 60°C (40°F to 140°F). 

2. Controllers used in conditioned space shall be mounted in dust-proof enclosures and 
shall be rated for operation at 0°C to 50°C (32°F to 120°F). 

F. Serviceability: Provide diagnostic LEDs for power, communication, and processor. All wiring 
connections shall be made to field removable, modular terminal strips or to a termination card 
connected by a ribbon cable. 

G. Memory: The Controller shall maintain all BIOS and programming information in the event of a 
power loss for at least 30 days. 

H. Power: Controller shall be able to operate at 90% to 110% of nominal voltage rating. 

I. Transformer: Power supply for the Controller must be rated at minimum of 125% of ASC power 
consumption and shall be fused or current limiting type. 

3.16 WARNING LABELS 

A. Permanent warning labels shall be affixed to all equipment that can be automatically started by 
the control system. 

1. Labels shall use white lettering (12-point type or larger) on a red background. 
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2. Warning labels shall read as follows: 
C A U T I O N 

This equipment is operating under automatic control and may start or stop at any 
time without warning. Switch disconnect to "Off" position before servicing. 

B. Permanent warning labels shall be affixed to all motor starters and control panels that are 
connected to multiple power sources utilizing separate disconnects. 

1. Labels shall use white lettering (12-point type or larger) on a red background. 
2. Warning labels shall read as follows: 

C A U T I O N 
This equipment is fed from more than one power source with separate 

disconnects. Disconnect all power sources before servicing. 

3.17 IDENTIFICATION OF HARDWARE AND WIRING 

A. All wiring and cabling, including that within factory-fabricated panels shall be labeled at each 
end within 5 cm (2 in.) of termination with control system address or termination number. 

B. All pneumatic tubing shall be labeled at each end within 5 cm (2 in.) of termination with a 
descriptive identifier. 

C. Permanently label or code each point of field terminal strips to show the instrument or item 
served. 

D. Identify control panels with minimum 1 cm (½ in.) letters on laminated plastic nameplates. 

E. Identify all other control components with permanent labels. All plug-in components shall be 
labeled such that label removal of the component does not remove the label. 

F. Identify room sensors related to terminal boxes or valves with nameplates. 

G. Manufacturers' nameplates and UL or CSA labels shall be visible and legible after equipment is 
installed. 

H. Identifiers shall match record documents. 

3.18 CONTROLLERS 

A. Provide a separate controller for each HVAC system. A DDC controller may control more than 
one system provided that all points associated with the system are assigned to the same DDC 
controller. Points used for control loop reset, such as outside air or space temperature, are 
exempt from this requirement. 

B. Building Controllers and Custom Application Controllers shall be selected to provide the 
required I/O point capacity required to monitor all of the hardware points. 

3.19 PROGRAMMING 

A. Provide sufficient internal memory for the specified sequences of operation and trend logging. 

B. Point Naming: Name points as shown on the equipment points list provided with each 
sequence of operation. If character limitations or space restrictions make it advisable to 
shorten the name, provide a list of abbreviations in the submittals. Where multiple points with 
the same name reside in the same controller, each point name may be customized with its 
associated Program Object number. For example, "Zone Temp 1" for Zone 1, "Zone Temp 2" 
for Zone 2. 
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C. Software Programming: 

1. Provide programming for the system and adhere to the sequences of operation provided. 
All other system programming necessary for the operation of the system, but not specified 
in this document, also shall be provided by the contractor. Embed into the control 
program sufficient comment statements to clearly describe each section of the program. 
The comment statements shall reflect the language used in the sequences of operation. 
Use the appropriate technique based on the following programming types: 

a. Text-based: 

1) Must provide actions for all possible situations. 
2) Must be modular and structured. 
3) Must be commented. 

b. Graphic-based: 

1) Must provide actions for all possible situations. 
2) Must be documented. 

c. Parameter-based: 

1) Must provide actions for all possible situations. 
2) Must be documented. 

D. Operator Interface: 

1. Standard Graphics. Provide graphics for all mechanical systems and floor plans of the 
building. This includes each chilled water system, hot water system, chiller, boiler, air 
handler, and all terminal equipment. Point information on the graphic displays shall 
dynamically update. Show on each graphic all relevant input and output points for that 
equipment. Also show relevant calculated points such as setpoints. As a minimum, show 
on each equipment graphic the input and output points and relevant calculated points as 
indicated on the drawings. 

2. The contractor shall provide all the labor necessary to install, initialize, start up, and 
troubleshoot all operator interface software and its functions as described in this section. 
This includes any operating system software, the operator interface database, and any 
third-party software installation and integration required for successful operation of the 
operator interface. 

3.20 CONTROL SYSTEM CHECKOUT AND TESTING 

A. Startup Testing. All testing listed in this article shall be performed by the contractor and shall 
make up part of the necessary verification of an operating control system. This testing shall be 
completed before the owner’s representative is notified of the system demonstration. 

1. The contractor shall furnish all labor and test apparatus required to calibrate and prepare 
for service of all instruments, controls, and accessory equipment furnished under this 
specification. 

2. Verify that all control wiring is properly connected and free of all shorts and ground faults. 
Verify that terminations are tight. 

3. Enable the control systems and verify calibration of all input devices individually. Perform 
calibration procedures according to manufacturers’ recommendations. 
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4. Verify that all binary output devices (relays, solenoid valves, two-position actuators and 
control valves, magnetic starters, etc.) operate properly and that the normal positions are 
correct. 

5. Verify that all analog output devices (I/Ps, actuators, etc.) are functional, that start and 
span are correct, and that direction and normal positions are correct. The contractor shall 
check all control valves and automatic dampers to ensure proper action and closure. The 
contractor shall make any necessary adjustments to valve stem and damper blade travel. 

6. Verify that the system operation adheres to the sequences of operation. Simulate and 
observe all modes of operation by overriding and varying inputs and schedules. Tune all 
DDC loops. 

7. Alarms and Interlocks: 

a. Check each alarm separately by including an appropriate signal at a value that will 
trip the alarm. 

b. Interlocks shall be tripped using field contacts to check the logic, as well as to ensure 
that the fail-safe condition for all actuators is in the proper direction. 

c. Interlock actions shall be tested by simulating alarm conditions to check the initiating 
value of the variable and interlock action. 

3.21 CLEANING 

A. The contractor shall clean up all debris resulting from his/her activities daily. The contractor 
shall remove all cartons, containers, crates, etc., under his/her control as soon as their 
contents have been removed. Waste shall be collected and placed in a designated location. 

B. At the completion of work in any area, the contractor shall clean all work, equipment, etc., 
keeping it free from dust, dirt, and debris, etc. 

C. At the completion of work, all equipment furnished under this section shall be checked for paint 
damage, and any factory-finished paint that has been damaged shall be repaired to match the 
adjacent areas. Any cabinet or enclosure that has been deformed shall be replaced with new 
material and repainted to match the adjacent areas. 

3.22 MANUFACTURER'S FIELD SERVICES 

A. Start and commission systems. Allow sufficient time for start-up and commissioning prior to 
placing control systems in permanent operation. 

B. Start up, check out, and test all hardware and software and verify communication between all 
components. 

1. Verify that all control wiring is properly connected and free of all shorts and ground faults. 
Verify that terminations are tight. 

2. Verify that all analog and binary input/output points read properly. 
3. Verify alarms and interlocks. 
4. Verify operation of the integrated system. 
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C. Provide basic operator training for 2 persons on data display, alarm and status descriptors, 
requesting data, execution of commands and request of logs. Include a minimum of 8 hours 
dedicated instructor time. Provide training on site. Training shall take place at the project site 
during the normal work hours of 8 a.m. to 5 p.m. weekdays. Training shall include: 

1. Explanation of drawings, operations and maintenance manuals. 
2. Walk-through of the job to locate control components. 
3. Operator workstation and peripherals. 
4. DDC custom application controllers, ASC, TEC, SAC operation and function. 
5. Operator control functions including graphic generation and field panel programming. 
6. Explanation of adjustment, calibration and replacement procedures. 
7. More detailed training listed below. 

3.23 SERVICE AND GUARANTEE 

A. General Requirements: Provide all services, materials and equipment necessary for the 
successful operation of the entire BAS System for a period of one year after completion of 
successful performance test. Provide necessary material required for the work.  Minimize 
impacts on facility operations when performing scheduled adjustments and non-scheduled 
work. 

B. Description of Work: The adjustment and repair of the system includes all computer 
equipment, software updates, transmission equipment and all sensors and control devices. 
Provide the manufacturer’s required adjustment and all other work necessary. 

C. Personnel: Provide qualified personnel to accomplish all work promptly and satisfactorily. 
Owner shall be advised in writing of the name of the designated service representative, and of 
any changes in personnel. 

D. Schedule of Work: Provide two minor inspections at 6 month intervals and two major 
inspections offset equally between the minor inspections to effect quarterly inspection of 
alternating magnitude, and all work required as specified. Schedule major inspections in July 
and January. Minor inspections shall include visual checks and operational test of all 
equipment delivered.  Major inspections shall include all work described for minor inspections 
and the following work: 

1. Clean all equipment, including interior and exterior surfaces. 
2. Perform signal, voltage and system isolation checks of system workstations and 

peripherals. 
3. Check and calibrate each field device. Check all analog points and digital points. 
4. Run all diagnostics and correct all previously diagnosed problems. 
5. Resolve and correct any previous outstanding problems. 

E. Emergency Service: Owner shall initiate service calls when the system is not functioning 
properly.  Qualified personnel shall be available to provide service to the complete system. 
Furnish Owner with a telephone number where service representative can be reached at all 
times. Service personnel shall be at the site within 4 hours after receiving a request for service. 
Restore the control system to proper operating condition within 24 hours. 

F. Operation: Performance of scheduled adjustment and repair shall verify operation of the 
system as demonstrated by the initial performance test. 
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G. Systems Modifications: Provide any recommendations for system modification in writing to 
Owner.  Do not make any system modifications, including operating parameters and control 
settings, without prior approval of Owner. Any modifications made to the system shall be 
incorporated into the operations and maintenance manuals, and other documentation affected. 

H. Software: Provide all software updates and verify operation in the system. These updates shall 
be accomplished in a timely manner, fully coordinated with the system operators, and shall be 
incorporated into the operations and maintenance manuals, and software documentation. 

3.24 PREPARATION FOR BALANCING 

A. Check the calibration and setpoints of all controllers. 

B. Check the locations of all thermostats and humidistats for potential erratic operation from 
outside influences such as sunlight, drafts, or cold walls. 

C. Check that all sequences operate as specified.  Verify that no simultaneous heating and 
cooling occurs, unless specified.  Observe that heating cannot begin at TAB reheat terminals 
until the unit is at the minimum airflow. 

D. Verify the operation of all interlock systems. 

3.25 TEST AND BALANCE COORDINATION 

A. The Contractor shall furnish a single set of all tools necessary to interface to the control system 
for test and balance purposes. 

B. The Contractor shall provide a minimum of four (4) hours training for the Balancing Contractor 
in the use of these tools. 

C. In addition, the Contractor shall provide a qualified technician to assist in the test and balance 
process until the first 20 terminal units are balanced. 

D. The tools used during the test and balance process shall be returned at the completion of the 
testing and balancing. 

3.26 CONTROL SYSTEM DEMONSTRATION AND ACCEPTANCE 

A. Demonstration: 

1. Prior to acceptance, the control system shall undergo a series of performance tests to 
verify operation and compliance with this specification. These tests shall occur after the 
Contractor has completed the installation, started up the system, and performed his/her 
own tests. 

2. The tests described in this section are to be performed in addition to the tests that the 
contractor performs as a necessary part of the installation, start-up, and debugging 
process and as specified in the "Control System Checkout and Testing" article in Part 3 of 
this specification. The engineer will be present to observe and review these tests. The 
engineer shall be notified at least 10 days in advance of the start of the testing 
procedures. 

3. The demonstration process shall follow that approved in Part 1, "Submittals." The 
approved checklists and forms shall be completed for all systems as part of the 
demonstration. 
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4. The contractor shall provide at least two persons equipped with two-way communication 
and shall demonstrate actual field operation of each control and sensing point for all 
modes of operation including day, night, occupied, unoccupied, fire/smoke alarm, 
seasonal changeover, and power failure modes. The purpose is to demonstrate the 
calibration, response, and action of every point and system. Any test equipment required 
to prove the proper operation shall be provided by and operated by the contractor. 

5. As each control input and output is checked, a log shall be completed showing the date, 
technician’s initials, and any corrective action taken or needed. 

6. Demonstrate compliance with Part 1, "System Performance." 
7. Demonstrate compliance with sequences of operation through all modes of operation. 
8. Demonstrate complete operation of operator interface. 
9. Additionally, the following items shall be demonstrated: 

a. DDC loop response. The contractor shall supply trend data output in a graphical form 
showing the step response of each DDC loop. The test shall show the loop’s 
response to a change in set point, which represents a change of actuator position of 
at least 25% of its full range. The sampling rate of the trend shall be from 10 seconds 
to 3 minutes, depending on the speed of the loop. The trend data shall show for each 
sample the set point, actuator position, and controlled variable values. Any loop that 
yields unreasonably under-damped or over-damped control shall require further 
tuning by the Contractor. 

b. Demand limiting. The contractor shall supply a trend data output showing the action 
of the demand limiting algorithm. The data shall document the action on a minute-by-
minute basis over at least a 30-minute period. Included in the trend shall be building 
kW, demand limiting set point, and the status of sheddable equipment outputs. 

c. Optimum start/stop. The contractor shall supply a trend data output showing the 
capability of the algorithm. The change-of-value or change-of-state trends shall 
include the output status of all optimally started and stopped equipment, as well as 
temperature sensor inputs of affected areas. 

d. Interface to the building fire alarm system. 

e. Operational logs for each system that indicate all set points, operating points, valve 
positions, mode, and equipment status shall be submitted to the architect/engineer. 
These logs shall cover three 48-hour periods and have a sample frequency of not 
more than 10 minutes. The logs shall be provided in both printed and disk formats. 

10. Any tests that fail to demonstrate the operation of the system shall be repeated at a later 
date. The contractor shall be responsible for any necessary repairs or revisions to the 
hardware or software to successfully complete all tests. 
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B. Acceptance: 

1. All tests described in this specification shall have been performed to the satisfaction of 
both the engineer and owner prior to the acceptance of the control system as meeting the 
requirements of completion. Any tests that cannot be performed due to circumstances 
beyond the control of the contractor may be exempt from the completion requirements if 
stated as such in writing by the engineer. Such tests shall then be performed as part of 
the warranty. 

2. The system shall not be accepted until all forms and checklists completed as part of the 
demonstration are submitted and approved as required in Part 1, "Submittals." 

END OF SECTION 
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SECTION 23 1123  
  FACILITY NATURAL GAS PIPING 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Provide equipment, materials, tools, labor, and supervision necessary to furnish, fabricate, and 
install a complete Natural Gas piping system. 

1.2 STANDARDS AND CODES 

A. Pipe materials specified in this Section shall apply to technical sections of Division 23 of the 
Project Manual where applicable.  Special requirements as may be called for in the technical 
sections, or shown on the Drawings, shall take precedence over General Requirements 
herein.  Piping located in plenums shall be plenum rated for fire and smoke. 

B. Gas piping and connections to equipment shall be in accordance with NFPA-54 and the local 
utility company. 

1.3 PRODUCT HANDLING 

A. Provide factory-applied plastic end-caps on each length of pipe and tube.  Maintain end-caps 
through shipping, storage, and handling as required to prevent pipe-end damage and eliminate 
dirt and moisture from inside of pipe and tube. 

B. Where possible, store pipe and tube inside and protected from weather.  Where necessary to 
store outside, elevate well above grade and enclose with durable, waterproof wrapping. 

C. Protect flanges and fittings from moisture and dirt by inside storage and enclosure, or by 
packaging with durable, waterproof wrapping. 

1.4 SUBMITTALS 

A. Submit piping schedule listing each pipe material used and systems served. 

PART 2  PRODUCTS 

2.1 MATERIAL 

A. Aboveground natural gas. 

1. Black steel pipe seamless, Schedule 40, ASTM A53. 
B. Gas piping underground, 5'-0" outside of building, to 59 psig operating pressure. 

1. Polyethylene plastic pipe and fittings, medium density ASTM D2513, 1248 and 
3350.  Resin classified as Type II, Class B, Category 5, Grade P24.  Cell classified as PE 
235333 E or PE 234333E.  Verify requirements with local utility. 

C. Gas vents and underground gas piping within 5'-0" of building. 

1. Welded black steel Schedule 40, coated with asphalt and wrapped, ASTM A120.     
D. Fittings 

1. Threaded pipe - malleable iron fittings, 125-pound standard flat band water pattern. 
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2. Welded pipe - welded neck fittings and welded neck flanges, same material and strength 
as pipe. 

3. Carbon steel pipe - material and strength shall correspond to pipe specifications.  ANSI 
B31.5. 

4. Plastic underground natural gas piping - all fittings shall be manufactured (tee's, elbows, 
reducers and transitions to steel pipe), by the piping manufacturer. 

E. Joints 

1. Threaded pipe - make joints using approved pipe joint compound, applied to male threads 
only.  Cut pipe square, cut threads clean, remove burrs, and ream ends to full size of 
bore. Threads shall not be exposed on chromium-plated pipe. 

2. Welded pipe - welding shall conform to welding section of ANSI B31.1 "Code for Power 
Piping".  Pipe up to 2" diameter shall be screwed.  Pipe 2 ½" diameter and over shall be 
welded. 

3. Plastic underground natural gas piping - butt fusion welded in accordance with 
manufacturers recommendations. 

F. Nipples and Unions 

1. Nipples shall conform to size, weight, and strength of adjoining pipe.  When length of 
unthreaded portion of nipple is less than 1-1/2", use extra strong nipple; do not use close 
nipples. 

2. For pipe 3" and smaller, use screwed unions; over 3", use flanged unions.  For steel and 
wrought iron pipe, use malleable iron ground joint unions, black or galvanized, to conform 
to pipe.  Cast iron flanged unions are to be gasket type.  For threaded brass pipe, use 
bronze ground joint unions with octagon ends.  Install unions on equipment intended to be 
disassembled. 

3. Dielectric unions shall be installed between connections of copper pipe and ferrous 
piping. 

2.2 PLUG VALVES 

A. Plug valves shall not be furnished unless specifically shown on the Drawings.  When so 
indicated, this type of valve shall meet the following specifications: 

1. Smaller than 2 in.:  Tapered plug valves, semi-steel, screwed, wrench operated with 
wrench. 

2. 2 in. and larger:  Tapered plug valves, carbon steel, flanged, lubricated plug wrench 
operated with a wrench. 

2.3 GAS VALVES 

A. Ball valves rated for natural gas service: 

1. Construction: ASME B16.44, brass, bronze, or ductile iron body, 304 stainless steel or 
chrome plated brass ball, Teflon seats, blow out proof stem, lever handle, rated to 600 psi 
CWP. 
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2.4 PRESSURE REGULATING VALVE (NATURAL GAS) 

A. Gas regulators shall be furnished and installed to maintain the gas pressure to the pilot supply 
and main burner supply line within +10% of the operating pressure from maximum to minimum 
firing rates at inlet operating pressures of 1-1/2 to 2 psig. 

B. Regulators shall be of the spring-loaded or pressure balanced type.  Under no circumstances 
shall a dead weight or a weight and level type of regulator be used. 

C. Gas regulators shall be suitable for operation with electronic ignition “dead end” conditions. 

D. Gas pressure regulators shall be AGA and CGA certified for scheduled operating conditions. 

2.5 MECHANICAL SLEEVE SEALS 

A. Modular mechanical type, consisting of interlocking synthetic rubber links shaped to 
continuously fill annular space between pipe and sleeve, connected with bolts and pressure 
plates which cause rubber sealing elements to expand when tightened, providing watertight 
seal and electrical insulation. 

PART 3  EXECUTION 

3.1 INSTALLATION 

A. Install piping and make service connection as shown on the Drawings. 

B. Pipe size 2 in. and larger or 2 psig and greater shall have welded joints; pipe less than 2 in. 
and less than 2 psig shall have threaded joints made up with gas resistant joint compound. 

C. Install gas shutoff plug valve in main, in each branch line and at each appliance. 

D. Install service plug valve at each outlet. 

E. General:  Comply with requirements of basic piping material sections for installation of piping 
materials.  Install piping products in accordance with manufacturer's written instructions, with 
applicable installation requirements of ANSI Z 223.l, and in accordance with recognized 
industry practices to ensure that products serve intended functions. 

F. Use sealants on metal gas piping threads that are chemically resistant to LP and natural gas. 
Use sealants sparingly and apply to only male threads of metal joints. 

G. Remove cutting and threading burrs before assembling piping. 

H. Do not install defective piping or fittings.  Do not use pipe with threads that are chipped, 
stripped or damaged. 

I. Plug each gas outlet, including valves, with a threaded plug or cap immediately after 
installation, and retain until continuing piping or equipment connections are completed. 

J. Install dirt-legs in gas piping at connections to equipment and elsewhere as indicated, and 
where required by code or regulation. 

K. Install tee fittings with bottom outlet plugged, or capped, at bottom of pipe risers. 

L. Do not install gas piping through foundations or under buildings.  Where unavoidable, install in 
welded conduit, ventilated to outdoors on both ends, and tested to same requirements as gas 
piping. 

M. Gas piping shall be electrically grounded and continuously grounded within the project, and 
bonded tightly to the grounding connection. 
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N. Use dielectric unions where dissimilar metals are joined together. 

O. Install piping with 1/64" per foot (1/8%) downward slope in direction flow. 

P. Install piping parallel to other piping, but maintain minimum of 12" clearance between gas 
piping and steam or hydronic piping above 200° F (93° C). 

Q. Gas Service: 

1. General:  Arrange with utility company to provide gas service to indicated location with 
shutoff at terminus.  Consult with utility as to extent of its work, costs, fees and permits 
involved.  Pay such costs and fees; obtain permits. 

2. Extend service pipe from utility's terminus to inside building wall, under utility's direction. 
3. Provide shutoff outside building where indicated.  Provide shutoff in gas service pipe at 

entry in building. 
R. Installation of Valves: 

1. Gas Cocks:  Provide at connection to gas train for each gas-fired equipment item; and on 
risers and braces where indicated. 

2. Locate gas cocks where easily accessible, and where they will be protected from possible 
injury. 

3. Control Valves:  Install as indicated.  Refer to Division 16 for wiring, not work of this 
section. 

4. Pressure Regulating Valves: Install where shown and where required; comply with Utility 
requirements. Pipe atmospheric vent to outdoors, full size of outlet. Install gas shutoff 
valve upstream of each pressure regulating valve. 

3.2 PAINTING 

A. Paint exterior metal piping, valves, service regulators, service meters, and piping specialties, 
except components, with factory-applied paint or protective coating. 

1. Alkyd System: MPI EXT 5.1D 

a. Prime Coat: Alkyd anticorrosive metal primer 

b. Intermediate Coat: Exterior alkyd enamel matching topcoat. 

c. Topcoat: Exterior alkyd enamel 

d. Color: Gray 

3.3 MECHANICAL SLEEVE SEAL INSTALLATION 

A. Install mechanical sleeve seals at all pipe penetrations through exterior walls. 

B. Loosely assemble rubber links around pipe and bolts and pressure plates located under each 
bolt head and nut. Push into sleeve and center. Tighten bolts until links have expanded to form 
watertight seal. 
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3.4 EQUIPMENT CONNECTIONS 

A. Fuel Gas Piping Tightness Test:  Prior to initial operation, test and purge fuel gas piping in 
accordance with ANSI Z 223.I, National Fuel Gas Code. 

B. General:  Connect gas piping to each gas-fired equipment item, with dirt leg and shutoff gas 
cock and pressure regulator where required.  Comply with equipment manufacturer's 
instructions. 

C. Piping Tests: 

1. Using dry nitrogen, purge each segment to be tested.  Cap or otherwise seal the segment 
to be tested.  Fill system with dry nitrogen and test in accordance with NFPA 54. 

2. Repair or replace fuel gas piping as required to eliminate leaks, and retest as specified to 
demonstrate compliance. 

3. All welded pipe shall be pressure tested to 90 psig for a minimum period of one hour. 
Submit test results. 

D. Purge System: 

1. After all segments have been tested and entire system completed, purge the system free 
of air in accordance with NFPA 54.  Do not leave purge discharge points unattended. 

E. Spare Parts: 

1. Furnish to Owner, with receipt, 2 valve wrenches for each type of gas valve installed, 
requiring same. 

END OF SECTION 
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SECTION 23 1126  
FACILITY LIQUEFIED-PETROLEUM GAS PIPING 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Pipe, pipe fittings, valves, and connections for propane gas piping systems. 

1.2 REFERENCE STANDARDS 

A. ANSI Z21.18/CSA 6.3 - Gas Appliance Pressure Regulators 2019. 

B. ANSI Z21.80/CSA 6.22 - Line Pressure Regulators 2019. 

C. ASME B16.3 - Malleable Iron Threaded Fittings: Classes 150 and 300 2021. 

D. ASME B31.1 - Power Piping 2022. 

E. ASME B31.9 - Building Services Piping 2020. 

F. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless 2022. 

G. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Steel and 
Alloy Steel for Moderate and High Temperature Service 2023a. 

H. AWWA C105/A21.5 - Polyethylene Encasement for Ductile-Iron Pipe Systems 2018. 

I. ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements 2017, with 
Editorial Revision (2020). 

J. ICC-ES AC308 - Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete 
Elements 2023. 

K. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection, 
Application, and Installation 2018, with Amendment (2019). 

L. MSS SP-78 - Gray Iron Plug Valves, Flanged and Threaded Ends 2011. 

M. NFPA 58 - Liquefied Petroleum Gas Code 2020, with Amendment. 

1.3 QUALITY ASSURANCE 

A. Perform work in accordance with applicable codes. 

B. Identify pipe with marking including size, ASTM material classification, and ASTM specification. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Accept valves on site in shipping containers with labeling in place.  Inspect for damage. 

B. Provide temporary protective coating on cast iron and steel valves. 

C. Provide temporary end caps and closures on piping and fittings.  Maintain in place until 
installation. 

D. Protect piping systems from entry of foreign materials by temporary covers, completing 
sections of the work, and isolating parts of completed system. 
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1.5 FIELD CONDITIONS 

A. Do not install underground piping when bedding is wet or frozen. 

PART 2  PRODUCTS 

2.1 PROPANE GAS PIPING, BURIED BEYOND 5 FEET OF BUILDING 

A. Steel Pipe:  ASTM A53/A53M Schedule 40 black. 

1. Fittings:  ASTM A234/A234M, wrought steel welding type, with AWWA C105/A21.5 
polyethylene jacket or double layer, half-lapped 10 mil polyethylene tape. 

2. Joints:  ASME B31.1, welded. 

2.2 PROPANE GAS PIPING, BURIED WITHIN 5 FEET OF BUILDING 

A. Steel Pipe:  ASTM A53/A53M Schedule 40 black. 

1. Fittings:  ASTM A234/A234M, wrought steel welding type, with AWWA C105/A21.5 
polyethylene jacket or double layer, half-lapped 10 mil polyethylene tape. 

2. Joints:  ASME B31.1, welded. 

2.3 PROPANE GAS PIPING, ABOVE GRADE 

A. Steel Pipe:  ASTM A53/A53M Schedule 40 black. 

1. Fittings:  ASME B16.3, malleable iron, or ASTM A234/A234M, wrought steel welding type. 
2. Joints:  NFPA 58, threaded or welded to ASME B31.1. 

2.4 FLANGES, UNIONS, AND COUPLINGS 

A. Unions for Pipe Sizes 3 Inches and Under: 

1. Ferrous pipe:  Class 150 malleable iron threaded unions. 
B. Flanges for Pipe Size Over 1 Inch: 

1. Ferrous Pipe:  Class 150 malleable iron threaded or forged steel slip-on flanges; 
preformed neoprene gaskets. 

C. Dielectric Connections:  Union with galvanized or plated steel threaded end, copper solder 
end, water impervious isolation barrier. 

2.5 PIPE HANGERS AND SUPPORTS 

A. Provide hangers and supports that comply with MSS SP-58. 

1. If type of hanger or support for a particular situation is not indicated, select appropriate 
type using MSS SP-58 recommendations. 

2. Overhead Supports:  Individual steel rod hangers attached to structure or to trapeze 
hangers. 

3. Trapeze Hangers:  Welded steel channel frames attached to structure. 
4. Vertical Pipe Support:  Steel riser clamp. 
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B. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners, as follows: 

1. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193. 
2. Concrete Screw Type Anchors:  Complying with ICC-ES AC193. 
3. Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308. 

2.6 PLUG VALVES 

A. Construction: MSS SP-78, 175 psi CWP, cast iron body and plug, pressure lubricated, Teflon 
or Buna N packing, flanged ends.  Provide lever operator with set screw. 

2.7 LINE PRESSURE REGULATORS AND APPLIANCE REGULATORS INDICATORS 

A. Manufacturers: 

1. Actaris Metering Systems (A brand of ITT Controls) www.actaris-metering-
systems.com/#sle. 

2. Dungs Combustion Controls www.dungs.com/#sle. 
3. Maxitrol Company: www.maxitrol.com/#sle. 
4. Engineer Pre-Approved Equivalent 

B. Compliance Requirements: 

1. Appliance Regulator:  ANSI Z21.18/CSA 6.3. 
2. Line Pressure Regulator:  ANSI Z21.80/CSA 6.22. 

C. Materials in Contact with Gas: 

1. Housing:  Aluminum, steel (free of non-ferrous metals). 
2. Seals and Diaphragms:  NBR-based rubber. 

D. Maximum Inlet Operating Pressure:  10 psi. 

1. Appliance Regulator:  10 psi. 
2. Line Pressure Regulator:  10 psi. 

E. Maximum Body Pressure:  10 psi. 

F. Output Pressure Range:  0.5 inch wc to 80 inch wc. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that excavations are to required grade, dry, and not over-excavated. 

3.2 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Provide non-conducting dielectric connections wherever jointing dissimilar metals. 

C. Route piping in orderly manner and maintain gradient.  Route parallel and perpendicular to 
walls. 

D. Install piping to maintain headroom, conserve space, and not interfere with use of space. 
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E. Group piping whenever practical at common elevations. 

F. Provide clearance in hangers and from structure and other equipment for installation of 
insulation and access to valves and fittings. 

G. Install valves with stems upright or horizontal, not inverted. 

H. Pipe vents from gas pressure reducing valves to outdoors and terminate in weatherproof hood. 

I. Sleeve pipes passing through partitions, walls and floors. 

J. Pipe Hangers and Supports: 

1. Install in accordance with ASME B31.9. 
2. Support horizontal piping as indicated. 
3. Install hangers to provide minimum 1/2 inch space between finished covering and 

adjacent work. 
4. Place hangers within 12 inches of each horizontal elbow. 
5. Use hangers with 1-1/2 inch minimum vertical adjustment.  Design hangers for pipe 

movement without disengagement of supported pipe. 
6. Where several pipes can be installed in parallel and at same elevation, provide multiple or 

trapeze hangers. 

3.3 APPLICATION 

A. Install unions downstream of valves and at equipment or apparatus connections. 

B. Provide plug valves in propane gas systems for shut-off service. 

3.4 SCHEDULES 

A. Pipe Hanger Spacing: 

1. Metal Piping: 

a. Pipe Size:  1/2 inches to 1-1/4 inches: 

1) Maximum Hanger Spacing:  6.5 ft. 
2) Hanger Rod Diameter:  3/8 inches. 

b. Pipe size:  1-1/2 inches to 2 inches: 

1) Maximum Hanger Spacing:  10 ft. 
2) Hanger Rod Diameter:  3/8 inch. 

c. Pipe size:  2-1/2 inches to 3 inches: 

1) Maximum Hanger Spacing:  10 ft. 
2) Hanger Rod Diameter:  1/2 inch. 

d. Pipe size:  4 inches to 6 inches: 

1) Maximum Hanger Spacing:  10 ft. 
2) Hanger Rod Diameter:  5/8 inch. 

END OF SECTION 
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SECTION 23 2113  
  HYDRONIC PIPING 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Provide equipment, materials, tools, labor, and supervision necessary to furnish, fabricate, and 
install complete hydronic piping system. 

1.2 STANDARDS AND CODES 

A. Pipe materials specified in this Section shall apply to technical sections of Division 23 of the 
Project Manual where applicable.  Special requirements as may be called for in the technical 
sections, or shown on the Drawings, shall take precedence over General Requirements 
herein.  Piping located in plenums shall be plenum rated for fire and smoke. 

1.3 PRODUCT HANDLING 

A. Provide factory-applied plastic end-caps on each length of pipe and tube.  Maintain end-caps 
through shipping, storage, and handling as required to prevent pipe-end damage and eliminate 
dirt and moisture from inside of pipe and tube. 

B. Where possible, store pipe and tube inside and protected from weather.  Where necessary to 
store outside, elevate well above grade and enclose with durable, waterproof wrapping. 

C. Protect flanges and fittings from moisture and dirt by inside storage and enclosure, or by 
packaging with durable, waterproof wrapping. 

1.4 SUBMITTALS 

A. Submit piping schedule listing each pipe material used and systems served. 

B. Submit Product Data which shall include product description, manufacturer, dimensions, size, 
rough-in requirements, finishes, connections to other equipment and piping, and performance 
data. 

PRODUCTS 

2.1 MATERIAL 

A. Pipe Material and Service 

1. Copper water tube, hard temper, ASTM B88: 

a. Type L: Aboveground heating water piping. 

b. Type M: Aboveground condensate drain lines. 

2. Black steel pipe ERW, Schedule 40, ASTM A53: heating water. 
B. Fittings 

1. Threaded pipe - malleable iron fittings, 125-pound standard flat band water pattern. 
2. Grooved fittings –may be used for chilled water and heating water, as approved by 

Code.  Grooved fittings shall be Victaulic, Grinnell, or Engineer pre-approved equivalent. 
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3. Mechanical Press Sealed Fittings: Double pressed type complying with ASME B16.22, 
utilizing EPDM, nontoxic synthetic rubber sealing elements. 

4. Copper water tube, cast bronze or wrought copper, solder joint type. ANSI B16.18 and 
B16.22. 

C. Joints 

1. Threaded pipe - make joints using approved pipe joint compound, applied to male threads 
only.  Cut pipe square, cut threads clean, remove burrs, and ream ends to full size of 
bore. Threads shall not be exposed on chromium-plated pipe. 

2. Copper water and drainage tube - use 95-5 tin antimony or silver solder, cut pipe square, 
clean and polish tube ends and inner surface of fittings, apply flux and solder joint as 
recommended by manufacturer of solder type fittings. 

3. Welded pipe - welding shall conform to welding section of ANSI B31.1 "Code for Power 
Piping".  Pipe up to 2" diameter shall be screwed.  Pipe 2-1/2" diameter and over shall be 
welded. 

D. Nipples and Unions 

1. Nipples shall conform to size, weight, and strength of adjoining pipe.  When length of 
unthreaded portion of nipple is less than 1-1/2", use extra strong nipple; do not use close 
nipples. 

2. For pipe 3" and smaller, use screwed unions; over 3", use flanged unions.  For steel and 
wrought iron pipe, use malleable iron ground joint unions, black or galvanized, to conform 
to pipe.  Cast iron flanged unions are to be gasket type.  For threaded brass pipe, use 
bronze ground joint unions with octagon ends.  Install unions on equipment intended to be 
disassembled. 

3. Dielectric unions shall be installed between connections of copper pipe and ferrous 
piping. 

2.2 EXPANSION TANKS – NON-POTABLE SYSTEMS 

A. Provide expansion tanks of size and number as indicated.  Construct tank of welded steel, 
constructed, tested, and stamped in accordance with Section VIII of ASME Boiler and Pressure 
Vessel Code for a working pressure of 125 psi.  Furnish National Board Form U-1 denoting 
compliance.  Support vertical tanks with steel legs or base; support horizontal tanks with steel 
saddles or hangers.  Provide replaceable heavy-duty butyl rubber bladder to permanently 
separate air charge from system water and to maintain design expansion capacity.  Provide 
pressure gauge, lifting rings, floor mounting skirt, and drain fitting. 

B. Tank bladder shall allow for full acceptance volume. 

C. Expansion tanks shall be Grundfos, Amtrol, Inc., Armstrong, Bell & Gossett ITT, Taco, Inc., 
Wessels, Watts, American Wheatley, or Engineer pre-approved equivalent. 

2.3 AIR SEPARATORS 

A. Air Separators: Furnish and install as shown on the drawings and schedule a full flow 
coalescing type air eliminator for chilled water/condensing water system. Shell shall be 
constructed of brass and/or steel. Coalesciling medium shall be copper. Unit shall have an 
elimination efficiency of 100% free air, 100% entrained air, and 99.6% dissolved air at the 
installed location. Air Separator shall comply with ASME Boiler and Pressure Vessel Code and 
be stamped with "U" symbol. 
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B. Manufacturer:  Subject to compliance with requirements, provide air separators manufactured 
by Spirotherm, Inc, Amtrol, Inc., Armstrong, Bell & Gossett ITT, Fluid Handling Division, Taco, 
Inc., Wessels, or an Engineer pre-approved equivalent. 

2.4 AIR VENTS 

A. Manual air vents, equivalent to B & G No. 17 SR. 

B. Automatic Vent Valves:  Provide automatic vent valves designed to vent automatically with 
float principle, stainless steel float and mechanisms, cast-iron body, pressure rated for 125 psi, 
minimum 3/4" NPS inlet and outlet connections.  Equivalent to Bell & Gossett #7 or #87 (#107A 
for high capacity where noted on Drawings), with copper overflow connection. 

C. Manufacturer:  Subject to compliance with requirements, provide vent valves by Bell & 
Gossett-ITT Fluid Handling Division, Hoffman Specialty-ITT Fluid Handling Divisions, 
Spirax/Sarco, Watson–McDaniel Co., or an Engineer pre-approved equivalent. 

2.5 FLOW BALANCING 

A. Automatic Flow Control Valves 

1. Where indicated on drawings, provide automatic flow control valves with internal 
adjustment capability. 

2. All internally adjustable cartridges shall include only non-abrasive and non-corrosive 
thermoplastic materials, whose shape and properties will not change over the life of the 
valve. 

3. The cartridge shall be removable, without removing the valve or disturbing the line 
plumbing in any way, by unscrewing a plug in the valve body.  The cartridge shall remain 
attached to the inside of the removed plug, to ensure it does not get misplaced and the 
plug is not re-installed without the cartridge. 

4. Each cartridge shall be field non-adjustable. 

a. Valves shall be labeled indicating the size of the flow cartridge. 

5. Valves shall be warranted, by the manufacturer, to be free of defects in material and 
workmanship for a period of 5 years. 

6. Valves shall control flow to within ±5% of design. 
7. The valve flow curve shall be smooth over its entire nominal control range.  Gaps, bumps 

and dips in flow curves shall not be acceptable. 
8. Manufacturer:  HCi, Flow Design, Hays Fluid, Griswold, Tour & Anderson, Pro Hydronic 

Specialties, or Engineer pre-approved equivalent. 

2.6 TEMPERATURE AND PRESSURE GAUGE CONNECTOR TAPS 

A. Provide temperature gauge connector taps pressure rated for 500 psi and 200° F (90° 
C).  Construct of brass and finish in nickel-plate, equip with 1/2" NPS fitting, with self-sealing 
valve core type neoprene gasketed orifice suitable for inserting 1/8" O.D. probe assembly for 
dial type insertion thermometer.  Equip orifice with gasketed screw cap and chain.  Provide 
extension, length equal to insulation thickness, for insulated piping. 

B. Provide one test kit. 

C. Manufacturer:  Subject to compliance with requirements, provide gauge connector taps 
manufactured by Peterson Engineering Co., Sisco, Trerice, or an Engineer pre-approved 
equivalent. 
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2.7 FLEXIBLE CONNECTORS 

A. Flexible connectors shall be fabricated of a corrugated bronze inner tube with a braided wire 
stainless steel outer jacket. Tubes to be welded to pipe ends, threaded through 2 in. size, 
flanged for sizes 2-1/2 in. and larger. 

B. Connectors at the discharge side of pumps shall incorporate internal flow straightening vanes 
to reduce turbulence prior to the check valve. Vanes to be capable of reducing discharge 
turbulence equal to 5-10 pipe diameters of straight pipe, while allowing full rated movement of 
the connector. Discharge side flexible connectors shall be model "Vane Flex" as manufactured 
by The Metraflex Company, or Engineer pre-approved equivalent. 

2.8 LOW PRESSURE Y-TYPE PIPELINE STRAINERS 

A. General:  Provide strainers full line size of connecting piping, with ends matching piping system 
materials.  Select strainers for 125 psi working pressure, with Type 304 stainless steel screens. 

B. Threaded Ends 2" and Smaller:  Cast-iron body, screwed screen retainer with centered blow-
down fitted valve for blow-down. 

C. Copper Piping 2" and Smaller:  Use cast bronze strainer equal to Mueller #351 with blow-down 
valve and cap. 

D. Threaded End 2-1/2" and Larger:  Cast-iron body, bolted screen retainer with off-center blow-
down fitted with valve for blow-down.  Fitted with 3/64 perforated screen. 

E. Flanged Ends 1-1/2" and Larger: Cast-iron body, bolted screen retainer with off-center blow-
down fitted with valve for blow-down. Metraflex LDP or manufacture listed below with 
equivalent performance. Provide with 3/64" screen unless finer screen is called for on the 
drawings. 

F. Provide blow-down valve and cap or plug for each strainer. 

G. Manufacturer: Subject to compliance with requirements, provide Y-type strainers manufactured 
by Mextraflex, Armstrong, Hoffman Specialty, Mueller, Spirax/Sarco, Trane, Watts Regulator, 
or an Engineer pre-approved equivalent. 

2.9 WATER PRESSURE REDUCING AND RELIEF VALVES 

A. Provide water relief valves as indicated and required by code of size and capacity as selected 
by Installer for proper relieving capacity, in accordance with ASME Boiler and Pressure Vessel 
Code. 

B. Combined Pressure Reducing and Relief Valves: Diaphragm operated, cast iron body, with low 
inlet pressure check valve, inlet strainer removable without system shutdown, and non-
corrosive valve seat and stem.  Select valve size, capacity, and operating pressure to suit 
system.  Valve shall be factory-set at operating pressure and have the capability for field 
adjustment. 

C. Pressure Reducing Valves (2" and under): Brass valve body, brass and thermoplastic internal 
parts, fabric reinforced diaphragm, strainer, double union ends. 

D. Pressure Reducing Valves (over 2"):  Brass valve body, bronze fitted, elastomer diaphragm 
and seat disc, flanged. 
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E. Safety Relief Valves:  Designed, manufactured, tested and labeled in accordance with the 
requirements of Section IV of the ASME Boiler and Pressure Vessel Code.  cast iron valve 
body, teflon seat, steel stem and springs, automatic, direct pressure actuated, with all wetted 
internal working parts made of brass and rubber, 125 psig working pressure for brass, 50 psig 
working pressure for cast-iron, and 250° F maximum operating temperature.  Select valve to 
suit actual system pressure and BTU capacity.  Provide with fast fill feature for filling hydronic 
system. 

F. Manufacturer:  Subject to compliance with requirements, provide pressure reducing and relief 
valves manufactured by Amtrol, Inc., Bell & Gossett ITT-Fluid Handling Div., Spirax/Sarco, 
Watts Regulator Co., or an Engineer pre -approved equivalent. 

2.10 PUMP SUCTION DIFFUSERS 

A. Provide angle pattern flow straightening fitting equipped with a combination diffuser-strainer-
orifice cylinder, flow straightening vanes, start-up strainer, permanent magnet and adjustable 
support foot.  The combination diffuser-strainer-orifice cylinder shall be designed to withstand 
pressure differential equal to the system pump shut-off head and shall have a free area equal 
to five times the cross-section area of the pump suction opening.  The length of the flow 
straightening vanes shall be no less than 2½ times the diameter of the system pump suction 
connection. 

B. Cast Iron NPT and Flanged, Rated for a Maximum Working Pressure of 175 psig. 

C. The flow-straightening fitting shall be of cast iron construction with flanged system and pump 
connections.  The fitting shall have a steel combination diffuser-strainer-orifice cylinder with 
3/16" diameter perforations to protect the system pump.  The full-length stainless steel flow 
straightening vanes shall provide non-turbulent flow to the suction side of the system 
pump.  The magnet shall be positioned in the flow stream to protect the pump seal(s).  The 
start-up strainer shall be of 16-mesh bronze, and the adjustable support foot shall eliminate 
pipe strain at the flow fitting/pump connection.  All internal components shall be replaceable. 

D. Select pump suction diffuser size not to exceed 3 ft. maximum pressure drop at design flow 
rate. 

E. Manufacturer:  Subject to compliance with requirements, provide pump suction diffusers 
manufactured by Armstrong, Bell and Gossett ITT, Taco, Inc., or an Engineer pre-approved 
equivalent.  (Suction diffusers shall be coordinated with pump manufacturers.  Product shall 
only be used if approved for use by the pump manufacturer.) 

2.11 SLEEVES 

A. Sleeves passing through non-load bearing walls and partitions shall be galvanized sheet steel 
with lock seam joints of minimum gauges as follows:  For pipes 2-1/2" in size and smaller - 24-
gauge; 3 in. to 6 in. - 22-gauge; over 6 in. - 20-gauge. 

B. Sleeves passing through load bearing walls, concrete beams, fireproof walls, foundations, 
footings, and waterproof floors shall be Schedule 40 galvanized steel pipe or cast iron pipe. 

C. Sleeves for insulated piping shall be of sufficient internal diameter to take pipe and insulation 
and to allow for free movement of pipe.  Waterproof sleeves shall be of sufficient internal 
diameter to take pipe and waterproofing material. 

D. In finished areas where pipes are exposed, sleeves shall be terminated flush with wall, 
partitions and ceilings, and shall extend 1/2 in. above finished floors.  Extend sleeves 1 in. 
above finished floors in areas likely to entrap water and fill space between sleeves and pipe 
with graphite packing and caulking compound. 
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E. Sleeves passing through membrane waterproofing or roofing shall be flashed and sealed. 

2.12 PIPE ESCUTCHEONS 

A. Provide pipe escutcheons with inside diameter closely fitting pipe outside diameter, or outside 
of pipe insulation where pipe is insulated.  Select outside diameter of escutcheon to completely 
cover pipe penetration hole in floors, walls, or ceilings; and pipe sleeve extensions, if 
any.  Furnish pipe escutcheons with chrome finish for occupied areas, prime paint finish for 
unoccupied areas. 

B. Pipe Escutcheons for Moist Areas:  For waterproof floors, and areas where water and 
condensation can be expected to accumulate, provide cast brass or sheet brass escutcheons, 
solid or split hinged. 

C. Pipe Escutcheons for Dry Areas:  Provide sheet steel escutcheons, solid or split hinged. 

D. Manufacturer: Chicago Specialty; Producers Specialty; Sanitary-Dash, or Engineer Pre-
Approved Equivalent. 

2.13 GUARDS 

A. Where exposed insulated piping extends through floor, provide sheet metal guard around 
insulation to extend up from floor 60 inches.  Guard to be galvanized sheet steel not less than 
26-gauge. 

2.14 FIRE SAFING 

A. Metal piping and sleeves passing through floors, roof, partitions and fire walls, shall be 
provided with firestop by packing space between pipe and sleeve with UL listed non-sag and 
self-leveling fire safing insulation per manufacturer's instructions. 

B. Plastic piping passing through fire rated floors and fire rated walls shall be provided with 
firestop by providing intumescent wrap strip around the pipe, enclosed in steel collar attached 
to structure. 

C. Cracks, Voids, or Holes Up to 4" Diameter:  Use non-sag or self-leveling putty or caulking, one-
piece intumescent elastomer, non-corrosive to metal, compatible with synthetic cable jackets, 
and capable of expanding 10 times when exposed to flame or heat, UL listed. 

D. Openings 4" or Greater: Use sealing system capable of passing 3-hour fire test in accordance 
with ASTM E814, consisting of wall wrap or liner, partitions, and end caps capable of 
expanding when exposed to temperatures of 250 to 350oF (121 to 177oC), UL listed. 

E. Seal all holes or voids made by penetrations to ensure an effective barrier against smoke, fire, 
toxic and combustible gases. 

F. Unless protected, from possible loading or traffic, install firestopping materials in floors having 
void openings or four (4) inches or more to support the same floor load requirements. 

G. Manufacturer:  Subject to compliance with requirements, provide non-sag and self-leveling fire 
barrier caulk, wrap/strip, moldable putty and sheet forms of one of the following: 

1. 3M Brand. 
2. Flame Stop. 
3. Dow Corning. 
4. Metacaulk. 
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5. Engineer Pre-Approved Equivalent. 

PART 3  EXECUTION 

3.1 INSTALLATION 

A. Install pipe for mechanical systems as shown on the Drawings, as called for in other Sections, 
and as specified herein. 

B. Arrange and install piping approximately as indicated, straight, plumb, and as direct as 
possible, form right angles on parallel lines with building walls.  Keep pipes close to walls, 
partitions, and ceilings, offsetting only where necessary to follow walls and avoid interference 
with other mechanical items.  Locate groups of pipes parallel to each other; space at a 
distance to permit applying full insulation and to permit access for servicing valves.  Piping to 
be run in concealed locations unless indicated exposed, or in equipment rooms. 

C. Install horizontal piping as high as possible without sags or humps so that proper grades can 
be maintained for drainage.  Branch piping shall come off the tops of mains unless shown 
otherwise. 

D. Locate valves within reachable distance from equipment being served for easy access and 
operation.  Do not locate valves with stems below horizontal. 

E. Check piping for interference with other trades; avoid placing water pipes over electrical 
equipment. 

F. Where rough-ins are required for equipment furnished by others, verify exact rough-in 
dimensions with Owner or equipment supplier before roughing-in. 

G. Install automatic temperature control valves, separable wells, humidifiers, pressure taps, and 
other items as called for and furnished by the temperature controls section. 

H. Install expansion tank as indicated on the drawings and in accordance with manufacturer's 
instruction.  Vent and purge air from hydronic system, charge tank with proper air charge as 
recommended by manufacturer.  Route drain to floor drain.  Set floor mounted tanks on 
concrete housekeeping pads. 

I. Install air separators in pump suction lines.  Connect inlet and outlet piping.  Run piping to 
compression tank with 1/4" per foot (2%) upward slope toward tank.  Install drain 
valve.  Separator shall not be supported by piping; install pipe hanger at inlet and outlet. 

J. Install combination pressure reducing and water relief valve as indicated and make cold water 
connection.  Install isolation valves around pressure reducing and water relief valve.  Install 
fast fill bypass line with globe valve. 

K. Install manual air vents for each element of radiation coils at all high points in mains, branches, 
run outs and at other points likely to entrap air. 

L. Install automatic air vents in mechanical rooms, at points where supply and return lines rise or 
drop.  Extend 1/4" copper overflow line to floor drain and elbow into drain. 

M. Install automatic flow control valves with flow meter fittings at each terminal unit and elsewhere 
as indicated. 

N. Install Y-type strainers full size of pipeline, in accordance with manufacturer's installation 
instructions. Install pipe nipple and shutoff valve in strainer blow-down connection. Where 
indicated, provide drain line from shutoff valve to plumbing drain, full size of blow-down 
connection.  Locate strainers with sufficient space for access and maintenance. 
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O. Locate Y-type strainers in supply line ahead of the following equipment, and elsewhere as 
indicated, if integral strainer is not included in equipment: 

1. Temperature control valves. 
2. Pressure reducing valves. 
3. Pumps. 

P. Install control valves, flow switches, temperature sensor walls, gauge taps, flow meters, etc., 
provided by Temperature Controls Installer. 

3.2 PIPING TESTS ALL HEATING, AND COOLING SYSTEMS PIPING 

A. Test pressure piping in accordance with ANSI B31. 

B. General:  Provide temporary equipment for testing, including pump and gauges.  Test piping 
system before insulation is installed whenever feasible, and remove control devices before 
testing.  Test each natural section of each piping system independently, but do not use piping 
system valves to isolate sections where test pressure exceeds valve pressure rating.  Fill each 
section with water or air and pressurize for the indicated pressure and time. 

1. Required test period is 2 hours. 
2. Test each piping system at 150% of operating pressure indicated, but not less than 25-psi 

test pressure. 
3. Observe each test section for leakage at end of test period.  Test fails if leakage is 

observed or if pressure drop exceeds 5% of test pressure. 
C. Repair piping systems sections that fail the required piping test, by disassembly and 

reinstallation, using new materials to the extent required to overcome leakage.  Do not use 
chemicals, stop-leak compounds, mastics, or other temporary repair methods. 

D. Drain test water from piping systems after testing and repair work has been completed. 

E. Heating water system pipes are to be thoroughly flushed and cleaned prior to being put into 
service.  The flushing water must not go through any air handler, chiller, boiler, cooling or 
heating coils, terminal heating coils, or unit heaters.  Strainer screens are to be removed prior 
to the flushing operation and are to be replaced when the flushing operation has been 
completed. 

1. As soon as possible after the flushing has been completed, the lines are to be filled with 
treated water to avoid the creation of a corrosive environment inside the pipes. 

2. Flushing operations are to be reviewed with and approved by the Owner's representative 
and prior to any flushing operation. Pipe scale, welding slag, and any other debris shall be 
removed from pipes. The Owner's representative shall determine when the flushing 
operation is complete. 

3.3 SLEEVES 

A. Install sleeves for piping passing through floors, roof, walls, concrete beams, and foundations. 

B. Install fireproofing per manufacturer's written instructions. 

3.4 ESCUTCHEONS 

A. Install escutcheons for pipes entering finished spaces. 
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3.5 PIPE PENETRATIONS 

A. Penetrations shall be free of debris and dirt.  Dam the penetration (when required) with an 
acceptable material.  Apply firestop material to the penetration per manufacturer's installation 
instructions.  Use a caulking gun, putty knife or other normal trade tools.  Remove damming 
materials where necessary after cure.  Clean up with Xylene. 

3.6 FIRE SAFING 

A. Install fire safing at all penetrations through walls, floors, etc. per manufacturer's installation 
instructions as required to meet UL listing. 

END OF SECTION 
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SECTION 23 2123  
HYDRONIC PUMPS 

PART 1 – GENERAL 

1.1 DESCRIPTION OF WORK 

A. Provide pumps and required system trim for heating water systems including all related 
appurtenances for a complete and operating system. 

1.2 SECTION INCLUDES 

A. End Suction Pumps 

B. Boiler Circulating Pumps 

1.3 REFERENCES 

A. HI - Hydraulic Institute. 

B. ANSI - American National Standards Institute. 

C. OSHA - Occupational Safety & Health Administration. 

D. ASHRAE – American Society of Heating, Refrigeration and Air-Conditioning Engineers. 

1. NEMA - National Electrical Manufacturers Association. 
2. UL - Underwriters Laboratories. 
3. ETL - Electrical Testing Laboratories. 
4. CSA - Canadian Standards Association. 
5. NEC - National Electric Codes. 
6. ISO - International Standards Organization. 
7. IEC - International Electrotechnical Commission. 
8. ASME – American Society of Mechanical Engineers. 

1.4 SUBMITTAL 

A. Submit manufacturer’s installation instructions under provisions of General Conditions and 
Division 1. 

1. Operation and Maintenance Data: Include installation instructions, assembly views, 
lubrication instructions, and replacement parts lists. 

2. Under provisions of commissioning documentation, testing of pumps, as well as training 
of owner’s operation and maintenance personnel may be required in cooperation with the 
commissioning consultant. 

B. Product Data including certified performance curves and rated capacities of selected model, 
weights (shipping, installed, and operating), furnished specialties, and accessories. Indicate 
pump’s operating point on curves. 

C. Complete Package information Product Data including: 

1. System summary sheet (where applicable). 
2. Sequence of Operation. 
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3. Shop drawing indicating dimensions, required clearances and location and size of each 
field connection. 

4. Power and control wiring diagram. 
5. System profile analysis including pump curves, system curve, and variable speed pump 

curves (where applicable). 
6. Pump data sheets - Rated capacities of selected models and indication of pump’s 

operating point on curves. 
7. Submittals on furnished specialties and accessories. 
8. Submittals must be specific to this project. Generic submittals will not be accepted. 
9. Hanging and support requirements should follow the recommendations in the 

manufacturer’s installation instructions. 

1.5 QUALITY ASSURANCE 

A. All equipment or components of this specification section shall meet or exceed the 
requirements and quality of the items herein specified, or as denoted on the drawings. 

B. Ensure pump operation, at specified system fluid temperatures without vapor binding and 
cavitation, is non-overloading in parallel or individual operation, and operates to ANSI/HI 
9.6.3.1 standard for Preferred Operating Region (POR) unless otherwise approved by the 
engineer. 

C. Ensure pump pressure ratings are at least equal to system’s maximum operating pressure at 
point where installed but not less than specified. 

D. Equipment manufacturer shall be a company specializing in manufacture, assembly, and field 
performance of provided equipment with a minimum of 20 years’ experience. 

E. Equipment provider shall be responsible for providing certified equipment start-up and, when 
noted, an in the field certified training session. New pump start-up shall be for the purpose of 
determining pump alignment, lubrication, voltage, and amperage readings. All proper electrical 
connections, pump’s balance, discharge and suction gauge readings, and adjustment of head, 
if required. A copy of the start-up report shall be made and sent to both the contractor and to 
the Engineer. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver materials to the site in such a matter as to protect the materials from shipping and 
handling damage. Provide materials on factory provided shipping skids and lifting lugs if 
required for handling. Materials damaged by the elements should be packaged in such a 
matter that they could withstand short-term exposure to the elements during transportation. 

B. Store materials in clean, dry place and protect from weather and construction traffic. Handle 
carefully to avoid damage. 

C. Use all means necessary to protect equipment before, during, and after installation. 

D. All scratched, dented, and otherwise damaged units shall be repaired or replaced as directed 
by the Architect Engineer. 
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1.7 WARRANTY: 

A. Split Case Vertical Inline Pumps: Provide a minimum One (1) year warranty on materials and 
installation. 

B. Boiler Circulating Pumps:  2 years from date of manufacture or 1.5 years from the date of 
installation. 

PART 2 – PRODUCTS 

2.1 MANUFACTURERS 

A. Bell & Gossett 

B. Taco 

C. Grundfos 

D. Wilo 

E. American Wheatley 

F. Engineer Pre-Approved Equivalent. 

2.2 END SUCTION PUMPS 

A. Base mounted centrifugal single stage type. Back pullout design to facilitate servicing of 
internal components without disturbing piping connections or motor. 

B. Casing shall be cast iron, 175 psi working pressure. Flanged or threaded piping connections as 
scheduled, with plugged toppings for vent, drain and gauge connections. 

C. Impeller shall be all bronze enclosed type keyed to shaft and secured with lock nut. 
Dynamically and hydraulically balanced for quiet operation. 

D. Shaft shall be heat-treated carbon steel with grease-lubricated ball or roller bearings. 

E. Shaft Seals shall be mechanical type, carbon face with ceramic seat. Seals shall be suitable 
for fluid temperatures up to 240° F. For treated water up to 500 ppm concentration of 
polyphosphates, provide auxiliary approved means necessary to meet this requirement. 

F. Pump and motor shall be connected through a flexible drive coupling, with safety guard. 
Coupling shall be capable of absorbing combination of shock, torsional vibration and 
misalignment. 

G. Motor shall be NEMA Standard, normal torque, 40° C rise, splash proof ODP, pre-lubricated, 
premium-efficiency type. 

H. Pump and motor shall be securely mounted and aligned on a common rigid structural steel or 
cast iron base. Base to have open area for grouting. 

1. After installation, pump shall be laser aligned by independent party to verify installation 
and final alignment, and any adjustments necessary shall be made by the Contractor prior 
to turning system over to Owner. 
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2.3 BOILER CIRCULATING PUMPS 

A. Circulating pumps shall be constructed with cast-Iron bodies with factory applied cataphoresis 
coating. 

B. Shafts shall be constructed of high quality stainless steel. Motor bearings shall be metal 
impregnated carbon sleeve bearing type. Impellers will be constructed of a high strength, glass 
filled polypropylene engineered composite. 

C. The circulating pumps shall have a high quality composite terminal box with NPT electrical 
connections and a secure, gasketed cover, Class 2 protection level. Included on the face of the 
terminal box cover is the single “red button” adjustment button, front readable graphical pump 
display, field adjustable for horizontal or vertical positioning of the terminal box. 

D. The display shall indicate: 

1. Operation status 
2. Control mode 
3. Differential pressure or speed/setpoint 
4. Fault and warning signals 

E. Circulating pump shall have a coded terminal strip indicating common/neutral/ground within the 
terminal box for field connections. 

F. Wet rotor, glandless inline circulating pumps shall include electronic variable speed control to 
operate at constant/variable differential pressure control without external sensors. 

G. Pumps to include integrated synchronous motors using ECM technology with permanent 
magnetic rotors, special sensorless control electronics and single phase electronic converters. 

H. Integrated overload motor protection shall protect the pump against over/under voltage, over 
temperature of motor and/or electronics, over current, locked rotor and dry run (no load 
condition). 

I. Fault contact “FC” terminals shall be included in the terminal box and are to be potentially free, 
normally closed contacts that open on the event of a failure. 

J. Interface (IF) modules shall be included, installed in the terminal box. The modules shall allow 
BMS communication via BACnet, 0 – 10 volt DC control of speed or head setpoint, external 
minimum speed, external off, dual pump communication and pump operation status. 

PART 3 – EXECUTION 

3.1 INSTALLATION 

A. Install equipment in accordance with manufacturer’s instructions. 

B. Install base mounted pumps on inertia pad type vibration isolators as specified. 

C. Perform laser alignment of pumps once installed to verify factory alignment. 

D. Reduction from line size to pump connection size shall be made with eccentric reducers 
attached to the pump with tops flat to allow continuity of flow. 

E. In-line pumps shall be supported in accordance with the pump manufacturer's instructions. 

F. Provide temperature and pressure gauges where and as detailed or directed. 
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G. Proper access space around a device should be left for servicing the component. No less than 
the minimum recommended by the manufacturer. 

H. Provide an adequate number of isolation valves for service and maintenance of the system 
and its components. 

I. Circulating pump shall have sufficient capacity to circulate the scheduled GPM against the 
scheduled external head (feet) with the horsepower and speed as scheduled and/or as 
denoted on the drawings. Motors shall be of electrical characteristics as scheduled, denoted 
and/or as indicated on the electrical plans and specifications. Pump characteristics shall be 
such that the head of the pump under varying conditions shall not exceed the rated 
horsepower of the drive motor. 

J. All piping shall be brought to equipment and pump connections in such a manner so as to 
prevent the possibility of any loads or stresses being applied to the connections or piping. All 
piping shall be fitted to the pumps even though piping adjustments may be required after the 
pipe is installed. 

K. On components that require draining, contractor must provide piping to and discharging into 
appropriate drains. 

L. Power wiring, as required, shall be the responsibility of the electrical contractor. All wiring shall 
be performed per manufacturer’s instruction and applicable state, federal, and local codes. 

M. Control wiring for remote mounted switches and sensor / transmitters shall be the responsibility 
of the control’s contractor. All wiring shall be performed per manufacturer’s instructions and 
applicable state, federal, and local codes. 

END OF SECTION 
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SECTION 23 2213  
STEAM AND CONDENSATE HEATING PIPING 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Pipe and pipe fittings. 

B. Steam piping system. 

C. Steam condensate piping system. 

1.2 RELATED REQUIREMENTS 

A. Section 07 8400 - Firestopping. 

B. Section 22 0548 - Vibration and Seismic Controls for Plumbing Piping and Equipment. 

1.3 REFERENCE STANDARDS 

A. ASME B31.1 - Power Piping 2022. 

B. ASME B31.5 - Refrigeration Piping and Heat Transfer Components 2022. 

C. ASME B31.9 - Building Services Piping 2020. 

D. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless 2022. 

E. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection, 
Application, and Installation 2018, with Amendment (2019). 

1.4 SYSTEM DESCRIPTION 

A. When more than one piping system material is selected, ensure systems components are 
compatible and joined to ensure the integrity of the system is not jeopardized.  Provide 
necessary joining fittings.  Ensure flanges, unions, and couplings for servicing are consistently 
provided. 

B. Use unions and flanges downstream of valves and at equipment or apparatus 
connections.  Use dielectric unions where joining dissimilar materials.  Do not use direct 
welded or threaded connections. 

C. Provide pipe hangers and supports in accordance with ASME B31.9 or MSS SP-58 unless 
indicated otherwise. 

D. Use gate valves for shut-off and to isolate equipment, part of systems, or vertical risers. 

1.5 SUBMITTALS 

A. See Section 01 3300 - Submittal Procedures, for submittal procedures. 

B. Product Data:  Provide data on pipe materials, pipe fittings, valves and accessories.  Provide 
manufacturers catalogue information.  Indicate valve data and ratings. 

 



 
WRC Decentralization Phase 3  
IDAS Project # 9279.30 
SH Project # 2142203394  

 

Steam and Condensate Heating 
Piping  
23 2213 - 2  

Issued for Bid 
01-11-2024   

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Accept valves on site in shipping containers with labelling in place.  Inspect for damage. 

B. Provide temporary protective coating on cast iron and steel valves. 

C. Provide temporary end caps and closures on piping and fittings.  Maintain in place until 
installation. 

D. Protect piping systems from entry of foreign materials by temporary covers, completing 
sections of the work, and isolating parts of completed system. 

PART 2  PRODUCTS 

2.1 MATERIAL 

A. Material and Service: 

1. Black steel pipe seamless, Schedule 40, ASTM A53/A53M: Steam supply to 80 psig. 
2. Black steel, Schedule 80, ASTM A53/A53M: 

a. Steam condensate return. 

b. Steam vent piping. 

c. Blowdown drain piping. 

B. Fittings: 

1. Threaded pipe - malleable iron fittings, 125-pound standard flat band water pattern. 
2. Welded pipe - welded neck fittings and welded neck flanges, same material and strength 

as pipe. 
3. Carbon steel pipe - material and strength shall correspond to pipe specifications, ASME 

B31.5  
C. Joints: 

1. Threaded pipe - make joints using approved pipe joint compound, applied to male threads 
only. Cut pipe square, cut threads clean, remove burrs, and ream ends to full size of bore. 
Threads shall not be exposed on chromium-plated pipe. 

2. Welded pipe - welding shall conform to welding section of ASME B31.1  "Code for Power 
Piping". Pipe up to 2" diameter shall be screwed. Pipe 2 1/2" diameter and over shall be 
welded. 

D. Nipples and Unions: 

1. Nipples shall conform to size, weight, and strength of adjoining pipe. When length of 
unthreaded portion of nipple is less than 1-1/2", use extra strong nipple; do not use close 
nipples. 

2. For pipe 3" and smaller, use screwed unions; over 3", use flanged unions. For steel and 
wrought iron pipe, use malleable iron ground joint unions. black or galvanized, to conform 
to pipe. Cast iron flanged unions are to be gasket type. For threaded brass pipe, use 
bronze ground joint unions with octagon ends. Install unions on equipment intended to be 
dissembled. 
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3. Dielectric unions shall be installed between connections of copper pipe and ferrous 
piping. 

2.2 REGULATORY REQUIREMENTS 

A. Comply with ASME B31.9 and ASME B31.1 code for installation of piping system. 

B. Welding Materials and Procedures:  Comply with ASME BPVC-IX and applicable state labor 
regulations. 

2.3 UNIONS, FLANGES, AND COUPLINGS 

A. Unions for Pipe 2 Inches and Under: 

1. Ferrous Piping:  150 psig galvanized malleable iron, threaded. 
B. Flanges for Pipe Over 2 Inches: 

1. Ferrous Piping:  150 psig forged steel, slip-on. 
2. Gaskets:  1/16 inch thick preformed non-asbestos graphite fiber. 

C. Dielectric Connections:  Union with galvanized or plated steel threaded end, copper solder 
end, water impervious isolation barrier. 

PART 3  EXECUTION 

3.1 PREPARATION 

A. Ream pipe and tube ends.  Remove burrs. Bevel plain end ferrous pipe. 

B. Remove scale and dirt on inside and outside before assembly. 

C. Prepare piping connections to equipment with flanges or unions. 

D. Keep open ends of pipe free from scale and dirt.  Whenever work is suspended during 
construction protect open ends with temporary plugs or caps. 

3.2 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Route piping in orderly manner, plumb and parallel to building structure, and maintain gradient. 

C. Install piping to conserve building space and avoid interference with use of space. 

D. Sleeve pipe passing through partitions, walls, and floors. 

E. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected 
equipment. 

F. Pipe Hangers and Supports: 

1. Install in accordance with ASME B31.9. 
2. Place hangers within 12 inches of each horizontal elbow. 
3. Use hangers with 1-1/2 inch minimum vertical adjustment.  Design hangers for pipe 

movement without disengagement of supported pipe. 
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4. Support vertical piping at every other floor.  Support riser piping independently of 
connected horizontal piping. 

5. Where several pipes can be installed in parallel and at same elevation, provide multiple or 
trapeze hangers. 

G. Provide clearance for installation of insulation and access to valves and fittings. 

H. Slope steam piping one inch in 40 feet in direction of flow.  Use eccentric reducers to maintain 
bottom of pipe level. 

I. Slope steam condensate piping one inch in 40 feet.  Provide drip trap assembly at low points 
and before control valves.  Run condensate lines from trap to nearest condensate 
receiver.  Provide loop vents over trapped sections. 

J. Install valves with stems upright or horizontal, not inverted. 

END OF SECTION 
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SECTION 23 2214  
STEAM AND CONDENSATE HEATING SPECIALTIES 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Steam traps. 

B. Steam air vents. 

C. Boiler feed units. 

D. Condensate return units. 

E. Steam safety valves. 

F. Blowdown separator. 

1.2 REFERENCE STANDARDS 

A. ASME B31.9 - Building Services Piping 2020. 

B. ASTM A126 - Standard Specification for Gray Iron Castings for Valves, Flanges, and Pipe 
Fittings 2004 (Reapproved 2019). 

C. ASTM A395/A395M - Standard Specification for Ferritic Ductile Iron Pressure-Retaining 
Castings for Use at Elevated Temperatures 1999 (Reapproved 2022). 

D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum) 2020. 

1.3 SUBMITTALS 

A. See Section 01 3300 - Submittal Procedures, for submittal procedures. 

B. Product Data: 

1. Provide for manufactured products and assemblies required for this project. 
2. Include product description, model, dimensions, component sizes, rough-in requirements, 

service sizes, and finishes. 
3. Submit schedule indicating manufacturer, model number, size, location, rated capacity, 

load served, and features for each specialty. 
4. Include electrical characteristics and connection requirements. 

C. Manufacturer's Installation Instructions:  Indicate application, selection, and hookup 
configuration.  Include pipe and accessory elevations. 

D. Operation and Maintenance Data:  Include installation instructions, servicing requirements, and 
recommended spare parts lists. 

E. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project. 

1. Extra Pump Seals:  One set for each type and size of pump. 
2. Steam Trap Service Kits:  One for each type and size. 



 
WRC Decentralization Phase 3  
IDAS Project # 9279.30 
SH Project # 2142203394  

 

Steam and Condensate Heating 
Specialties  
23 2214 - 2  

Issued for Bid 
01-11-2024   

PART 2  PRODUCTS 

2.1 STEAM TRAPS 

A. Manufacturers: 

1. Armstrong International, Inc 
2. Marshall Engineered Products Company 
3. Spirax-Sarco 
4. Engineer Pre-Approved Equivalent 

B. Steam Trap Applications: 

1. Use Thermostatic Steam Traps for: 

a. Steam radiation units. 

b. Convectors. 

2. Use Float and Thermostatic Traps for: 

a. Unit heaters. 

b. Heating coils. 

c. Main headers. 

d. Branch lines. 

C. Steam Trap Performance: 

1. Select to handle minimum of two times maximum condensate load of apparatus served. 
2. Pressure Differentials: 

a. Low Pressure Systems (5 psi and less):  1/4 psi. 

D. Float and Thermostatic Traps:  ASTM A126 cast iron or semi-steel body and bolted cover, 
stainless steel or bronze bellows type air vent, stainless steel or copper float, stainless steel 
lever and valve assembly. 

1. Rating:  15 psi WSP. 
2. Features:  Access to internal parts without disturbing piping, bottom drain plug. 
3. Accessories:  Gauge glass with shut-off cocks. 

E. Thermodynamic Traps:  Stainless steel body, disc, and cap. 

1. Rating:  300 psi WSP. 
2. Features: 

a. Stainless steel insulating cap. 

b. 1/4 inch steel blow down valve. 

c. Integral strainer. 

F. Pressure Balanced Thermostatic Traps:  ASTM A395/A395M cast iron body and bolted or 
screwed cover and integral ball joint union for 125 psi WSP; phosphor bronze bellows, 
stainless steel valve and seat, integral stainless steel strainer. 
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2.2 STEAM AIR VENTS 

A. Manufacturers: 

1. Armstrong International, Inc 
2. Bell and Gossett, a xylem brand 
3. Spirax-Sarco 
4. Engineer Pre-Approved Equivalent 

B. 125 psi WSP:  Balanced pressure type; cast brass body and cover; access to internal parts 
without disturbing piping; stainless steel bellows, stainless steel valve and seat. 

2.3 LOW PRESSURE BOILER FEED UNITS 

A. Manufacturers: 

1. Bryan Steam Corporation 
2. Cleaver-Brooks 
3. Marshall Engineered Products Company 
4. Skidmore 10MX 
5. Engineer Pre-Approved Equivalent. 

B. Boiler Feed Units:  Consist of receiver, inlet strainer, pumps, water make-up assembly, electric 
control components and accessories. 

C. Condensate Receiver:  Cast iron, equipped with water level gauge, dial thermometer, pressure 
gauges on pump discharge, bronze isolation valves and strainer between pumps and receiver, 
and lifter eye bolts. 

D. Inlet Strainer:  Cast iron, with vertical self-cleaning easily removable bronze screen and large 
dirt pocket, mounted on receiver. 

E. Water Make-Up Assembly:  Level control switch and solenoid valve mounted on receiver. 

1. Valve:  Packless, piston pilot operated type with cushioned closing and epoxy resin 
molded waterproof coil. 

2. Capacity:  Equal to one boiler feed pump. 
3. With strainer, and manual bypass. 

F. Pumps:  Vertical design, bronze fitted with stainless steel shaft, enclosed bronze impeller, 
renewable bronze case ring, mechanical shaft seal, close coupled to motor. 

2.4 LOW PRESSURE CONDENSATE RETURN UNITS 

A. Manufacturers: 

1. Atlantic 
2. Bryan Steam Corporation. 
3. Marshall Engineered Products Company 
4. Spirax-Sarco 
5. Shipco Pumps 
6. Skidmore 10MX 
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7. Engineer Pre-Approved Equivalent. 
B. Condensate Return Units:  Consist of receiver, inlet strainer, pumps, float switches, control 

panel and accessories. 

C. Condensate Receiver:  Cast iron, equipped with externally adjustable float switches, water 
level gauge, dial thermometer, pressure gauges on pump discharge, bronze isolation valves 
between pumps and receiver, and lifting eye bolts. 

D. Inlet Strainer:  Cast iron with vertical self-cleaning bronze screen and large dirt pocket, 
mounted on receiver.  Screen shall be easily removable for cleaning. 

E. Pumps:  One stage, vertical design, bronze fitted with stainless steel shaft, bronze impeller, 
renewable bronze case ring, mechanical shaft seal, close coupled to 1750 rpm motor. 

F. Control Cabinet: 

1. NEMA 250 enclosure, UL listed, with piano hinged door, grounding lug, terminal strip, and 
fusible control circuit transformer. 

2. Combination magnetic starters with overload relays, circuit breakers and cover interlock. 
3. Mechanical Alternator: 

a. Operate pumps on high level, alternating after each cycle. 

b. Operate second pump upon failure of first pump and alarm. 

4. 'Auto-Off' switch. 
5. Test button, high level alarm light, acknowledge button, alarm horn. 

2.5 SAFETY RELIEF VALVES 

A. Manufacturers: 

1. Armstrong International, Inc 
2. Cash Acme, a brand of Reliance Worldwide Corporation 
3. ITT McDonnell & Miller, a xylem brand 
4. Spirax-Sarco 
5. Kunkle 
6. Engineer Pre-Approved Equivalent 

B. Valve:  Bronze body, stainless steel valve spring, stem, and trim, direct pressure actuated, 
capacities ASME certified and labelled. 

C. Accessories:  Drip pan elbow. 

2.6 BLOWDOWN SEPARATOR 

A. Unit shall be sized to flash bottom blowdown down to 212F and cool the resulting drained 
condensate to 140F. Blowdown shall enter through a tangential inlet with the maximum 
pressure of 15 psi. Flash steam shall be released to atmosphere through a vent line.  Route 
vent line full size to outdoors 

B. Blowdown separator shall be fabricated of carbon steel, ASME rated for 50 psi and National 
Board stamped. 
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C. Automatic Temperature regulating cooling water control package with check valve and y-
strainer. 

D. Floor mounting brackets. 

PART 3  EXECUTION 

3.1 INSTALLATION 

A. Install steam and steam condensate piping and specialties in accordance with ASME B31.9. 

B. Install specialties in accordance with manufacturer's instructions. 

C. Steam Traps: 

1. Provide minimum 3/4 inch size on steam mains and branches. 
2. Install with union or flanged connections at both ends. 
3. Provide gate valve and strainer at inlet, and gate valve and check valve at discharge. 
4. Provide minimum 10 inch long, line size dirt pocket between apparatus and trap. 

D. Remove thermostatic elements from steam traps during temporary and trial usage, and until 
system has been operated and dirt pockets cleaned of sediment and scale. 

E. Terminate relief valves to outdoors.  Provide drip pan elbow with drain connection to nearest 
floor drain. 

F. When several relief valve vents are connected to a common header, header cross section area 
shall equal sum of individual vent outlet areas. 

END OF SECTION 
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SECTION 23 2300  
REFRIGERANT PIPING 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Piping. 

B. Engineered wall seals and insulation protection. 

1.2 REFERENCE STANDARDS 

A. AHRI 710 - Performance Rating of Liquid-Line Driers 2009. 

B. ASHRAE Std 15 - Safety Standard for Refrigeration Systems 2022, with Errata (2023). 

C. ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings 2021. 

D. ASME B16.26 - Cast Copper Alloy Fittings for Flared Copper Tubes 2018. 

E. ASME B31.5 - Refrigeration Piping and Heat Transfer Components 2022. 

F. ASTM B88 - Standard Specification for Seamless Copper Water Tube 2022. 

G. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric) 2020. 

H. ASTM B280 - Standard Specification for Seamless Copper Tube for Air Conditioning and 
Refrigeration Field Service 2020. 

I. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials 
2023b. 

J. ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor 
Transmission Rate of Materials 2022a, with Editorial Revision (2023). 

K. ASTM G153 - Standard Practice for Operating Enclosed Carbon Arc Light Apparatus for 
Exposure of Nonmetallic Materials 2013 (Reapproved 2021). 

L. AWS A5.8M/A5.8 - Specification for Filler Metals for Brazing and Braze Welding 2019. 

1.3 SUBMITTALS 

A. See Section 01 3300 - Submittal Procedures, for submittal procedures. 

B. Product Data:  Provide general assembly of specialties, including manufacturers catalogue 
information.  Provide manufacturers catalog data including load capacity. 

PART 2  PRODUCTS 

2.1 PIPING 

A. Copper Tube:  ASTM B280, H58 hard drawn or O60 soft annealed. 

1. Fittings:  ASME B16.22 wrought copper. 
2. Joints:  Braze, AWS A5.8M/A5.8 BCuP silver/phosphorus/copper alloy. 
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B. Copper Tube to 7/8 inch OD:  ASTM B88 (ASTM B88M), Type K (A), annealed. 

1. Fittings:  ASME B16.26 cast copper. 
2. Joints:  Flared. 

2.2 REFRIGERATION ACCESSORIES 

A. Refrigerant Liquid Line Filter Driers: Provide refrigerant liquid line drier as recommended by 
equipment manufacturer for use in service indicated. Provide manual by-pass around each 
filter dryer. 

B. Solenoid Valves: Provide solenoid valves of type, size and rating as recommended by 
equipment manufacturer for sue in service indicated. 

C. Moisture-liquid indicators: Provide moisture-liquid indicators as recommended by equipment 
manufacturer for use as indicated, double port, color-coded, U.L. listed. 

D. Thermal Expansion Valves: Provide thermal expansion valves of type, size and rating as 
recommended by equipment manufacturer for use in service indicated. 

E. Strainers: 500 psig maximum working pressure; forged brass body with Monel 80-mesh 
screen, and screwed cleanout plug; Y-pattern, with solder end connections. 

F. Provide UL listed valves (globe, check, hot gas by-pass, etc.) where required or recommended 
by manufacturer. 

2.3 ENGINEERED WALL SEALS AND INSULATION PROTECTION 

A. Manufacturers: 

1. Airex Manufacturing, Inc; www.airexmfg.com/#sle. 
2. Engineer Pre-Approved Equivalent 

B. Pipe Penetration Wall Seal:  Seals HVAC piping wall penetrations with compression gasket 
wall mounted rigid plastic outlet cover. 

1. Wall Outlet Size, Stucco and Masonry Applications:  7-1/2 inch wide by 10 inch high. 

a. Elastomeric Sleeve Diameter:  1-11/16 inch. 

2. Outlet Cover Color:  Gray. 
C. Insulation Protection System:  Mechanical line insulation and PVC cover. 

1. PVC Insulation Cover Color:  Black with full-length velcro fastener. 
2. Weatherization and Ultraviolet Exposure Protection:  Comply with ASTM G153. 
3. Water/Vapor Permeability:  Comply with ASTM E96/E96M. 
4. Flame Spread and Smoke Development Rating of 25/450:  Comply with ASTM E84. 

PART 3  EXECUTION 

3.1 INSTALLATION 

A. Install refrigeration specialties in accordance with manufacturer's instructions. 

B. Route piping in orderly manner, with plumbing parallel to building structure, and maintain 
gradient. 
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C. Install piping to conserve building space and avoid interference with use of space. 

D. Group piping whenever practical at common elevations and locations.  Slope piping one 
percent in direction of oil return. 

E. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected 
equipment. 

F. Pipe Hangers and Supports: 

1. Install in accordance with ASME B31.5. 
2. Support horizontal piping as indicated. 
3. Install hangers to provide minimum 1/2 inch space between finished covering and 

adjacent work. 
4. Place hangers within 12 inches of each horizontal elbow. 
5. Support vertical piping at every other floor.  Support riser piping independently of 

connected horizontal piping. 
6. Where several pipes can be installed in parallel and at same elevation, provide multiple or 

trapeze hangers. 
7. Provide copper plated hangers and supports for copper piping. 

G. Arrange piping to return oil to compressor.  Provide traps and loops in piping, and provide 
double risers as required.  Slope horizontal piping 0.40 percent in direction of flow. 

H. Provide clearance for installation of insulation and access to valves and fittings. 

I. Follow ASHRAE Std 15 procedures for charging and purging of systems and for disposal of 
refrigerant. 

J. Locate expansion valve sensing bulb immediately downstream of evaporator on suction line. 

K. Fully charge completed system with refrigerant after testing. 

3.2 FIELD QUALITY CONTROL 

A. See Section 01 4000 - Quality Requirements, for additional requirements. 

B. Test refrigeration system in accordance with ASME B31.5. 

C. Pressure test system with dry nitrogen to 200 psi.  Perform final tests at 27 inches vacuum and 
200 psi using halide torch.  Test to no leakage. 

3.3 SCHEDULES 

A. Hanger Spacing for Copper Tubing. 

1. 1/2 inch, 5/8 inch, and 7/8 inch OD:  Maximum span, 5 feet; minimum rod size, 1/4 inch. 
2. 1-1/8 inch OD:  Maximum span, 6 feet; minimum rod size, 1/4 inch. 
3. 1-3/8 inch OD:  Maximum span, 7 feet; minimum rod size, 3/8 inch. 
4. 1-5/8 inch OD:  Maximum span, 8 feet; minimum rod size, 3/8 inch. 
5. 2-1/8 inch OD:  Maximum span, 8 feet; minimum rod size, 3/8 inch. 

END OF SECTION 
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SECTION 23 2500  
  HVAC WATER TREATMENT 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Provide materials, equipment, labor, and supervision necessary to install and test the complete 
system of HVAC Water Treatment as required by the drawings and this section. 

B. Installation shall be approved and start-up supervised by a factory representative. 

C. System shall include chemical supplies and service for one year operation. 

PART 2  PRODUCTS 

2.1 POT FEEDER FOR CLOSED SYSTEMS 

A. For the new closed loop hot water system, Contractor shall furnish and install a pot feeder that 
includes the following: 

1. Minimum five (5) gallon capacity. 

2. Dome Bottom with bottom drain port and support legs. 

3. Tank shall be constructed from mild steel. 

4. Closure shall be cast iron with Buna-N O-ring.  Lid shall be ¼ turn quick opening device 
that cannot be opened when system is under pressure. 

5. Pot Feeder shall be designed to meet pressure requirements of the system, but shall not 
be rated for less than 200 psi. 

6. Pot Feeder shall be designed to meet the temperature requirements of the system, but 
shall not be rated for less than 212° F. 

7. Pot Feeder shall have an enamel coated finish. 

B. The Water Treatment Company shall supply sufficient Pre-Start-Up cleaner for flushing and 
cleaning the systems to remove all oil and foreign matter from the piping and equipment prior 
to final filling of the system with fresh water. Instructions shall be supplied to the Contractor 
explaining other quantities of cleaner to use and the method and duration of the operation and 
refilling of the systems with fresh water. The initial dosage of protective chemical treatment 
shall be added by the Mechanical Contractor. 

C. The manufacturer shall furnish a factory-trained service engineer to instruct the Owner's 
personnel in the proper testing procedures and the proper operation of the chemical feeding 
and control equipment.  Written instructions shall be supplied to the Owner. 
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PART 3  EXECUTION 

3.1 INSTALLATION 

A. Install systems as indicated in specifications and on drawings and as recommended by the 
chemical treatment company. 

B. Provide training to the Owner’s Representative for testing and adding chemical to the closed 
loop system. 

END OF SECTION 
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SECTION 23 3113  
  METAL DUCTS 

PART 1  GENERAL 

1.1 SUMMARY 

A. Provide material, devices, labor, and supervision necessary to fabricate and erect ductwork as 
required by the Drawings and this Section. 

1.2 SUBMITTALS 

A. Product Data:  Submit manufacturer's technical product data and installation instructions for 
metal ductwork materials and products. 

B. Shop Drawings:  Submit ductwork shop drawings for entire facility, to scale, double line, 
indicating duct sizes, locations, fittings, equipment, accessories, structural clearances, etc.  Do 
not install ductwork prior to approval of shop drawings by Engineer. 

1.3 QUALITY ASSURANCE 

A. Codes and Standards: 

1. Ducts, plenums, apparatus casings, metal gauges, reinforcing, methods of supporting and 
hanging, and other sheet metal work as called for shall meet all functional criteria defined 
in Section VII, of the SMACNA "HVAC Duct Construction Standards Metal and Flexible" 
4th Edition.  This shall be subsequently referred to as the SMACNA Manual.  All ductwork 
must comply with all local, state and federal code requirements. 

2. Comply with applicable requirements of NFPA 91. 

1.4 DESCRIPTION 

A. Air ducts shall be constructed as follows: 

1. Supply and return duct: +2” w-g. 

PART 2  PRODUCTS 

2.1 GENERAL 

A. Shop fabricated sheet metal work shall be constructed of prime quality resquared tight coat 
galvanized steel, except where other type material is specified.  Manufacturer's name and U.S. 
gauge number shall appear on each sheet. 

B. Duct sealant shall be installed per SMACNA Class A-all transverse joints, longitudinal seams 
and duct wall penetrations. 

C. Duct Sealant for Low Pressure Duct:  UL labeled non-hardening, non-migrating mastic or liquid 
elastic sealant, type applicable for fabrication/installation detail, as compounded and 
recommended by manufacturer specifically for sealing joints and seams in ductwork.  Sealant 
to be Mastic No. IG601 as manufactured by Hardcast or Engineer pre-approved equivalent 
product manufactured by Ductmate or United McGill. 
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D. Duct sealing tape and adhesive for high-pressure duct system by Hardcast Inc. or Engineer 
pre-approved equivalent. 

1. Use Hardcast DT or JT pressureless tape in conjunction with Hardcast adhesive FTA20 
on all fittings and joint connections. 

2. Use FTA20 full strength.  Dip Hardcast tape in solution until saturated. 
3. Apply two wraps of wet tape on duct joint sections and fittings.  Stretch tight to assure 

positive adhesion contact with the duct and to smooth out wrinkles. 
4. Follow manufacturer's written instructions. 

E. Round and/or oval ducts and fittings shall be as manufactured by Semco or United McGill. 

2.2 DUCT 

A. Rectangular Duct: 

1. Sheet Metal:  Except as otherwise indicated, fabricate ductwork from minimum 24 gage 
galvanized sheet steel complying with ASTM A527, lockforming quality; with G90 zinc 
coating in accordance with ASTM A653; and mill phosphatized for exposed locations. 

2. Rectangular duct shall be fabricated to the SMACNA functional criteria for the pressure 
class indicated on the Drawings. 

3. Pittsburgh lock shall be used on all longitudinal seams.  All longitudinal seams will be 
sealed with mastic sealant.  Snaplock is not acceptable. 

B. Rectangular Duct Fittings: 

1. Elbows shall be constructed with centerline radius of not less than 1.5 times duct width; 
where space conditions will not permit this radius or where indicated on the Drawings, 
square elbows with single thickness streamline turning vanes shall be used.  Provide 
trailing edge extension for elbows in series. 

2. Slopes for transitions or other changes in dimension shall be minimum 1 to 3. 
3. All duct seams and joints shall be sealed to SMACNA Class A requirements. 
4. Rectangular branch taps from mains shall be 45° entry fittings. 

C. Round Duct: 

1. Round Duct shall be spiral lock seam type, fabricated of galvanized steel strip with airtight 
four-ply lock seams Minimum 24 gage. 

2. Metal gauges shall be as listed in the SMACNA Standard for the pressure class indicated 
on the Drawings. 

3. Round duct shall be externally insulated. 
D. Round Fittings: 

1. Elbows for round ducts shall have a center line radius of 1.5 times the duct diameter. 
2. 45o and 90o elbows for ducts up to 8" diameter shall be die stamped two-piece with 

welded longitudinal seams. 
3. Elbows for round ducts over 8" diameter shall be formed of segments with welded seams 

and following numbers of segments: 

a. 90 degree elbow:     5 segments 

b. 60 degree elbow:     3 segments 
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c. 45 degree elbow:     3 segments 

d. 30 degree elbow:     2 segments 

e. 22½ degree elbow: 2 segments 

4. Tees, crosses and lateral cross fittings for round duct shall be of the conical type. 
5. Reducers, increasers, offsets, wyes, crosses, divided flow fittings and similar fittings for 

round duct shall be one-piece construction with welded seams. 
6. Metal gauges for fittings for round duct shall be as listed in SMACNA Standard for the 

pressure class indicated on the Drawings. 
7. Duct and fitting welds shall be painted after fabrication to prevent corrosion where zinc 

has been burned by welding. 
8. No bull headed tees shall be used. 
9. Pipe-to-pipe joints for round ducts up to 50" diameter shall be made with male sleeve 

couplings reinforced by rolled bead. 
10. Pipe-to-fitting joints for round ducts up to 50" shall be made by slip-fit of projecting collar 

of fitting into the duct. 
11. Slip-fit joints shall be fastened with sheet metal screws, place ½" from fitting or coupling 

head. 
12. Joints shall be sealed with duct sealant installed as recommended by the manufacturer. 
13. Duct reinforcing, size of reinforcing angles and spacing shall be as recommended by 

SMACNA. 

2.3 GAS FLUE/VENT 

A. General:  Provide double wall gas vents, UL listed for Type B, consisting of double wall metal 
construction pipe sections and fittings and accessories required for complete installations. 

B. Material:  Construct inner pipe of sheet aluminum, and outer pipe of galvanized sheet steel, 
both of the following minimum thickness: 

SIZE INNER PIPE OUTER PIPE 
Round Sizes up to 6" 0.012" 28 ga. 
Round Sizes 7" to 18" 0.014" 28 ga 

C. Accessories:  Provide manufacturer's standard accessory items as required, for complete 
installation. 

D. Manufacturer:  Subject to compliance with requirements, provide Type B double wall gas vents 
of one of the following:  Hart & Cooley Manufacturing Co., Metalbestos Systems, Metal-Fab, 
Inc., or Engineer Pre-Approved Equivalent. 

2.4 DUCTWORK SUPPORT MATERIALS 

A. Except as otherwise indicated, provide hot-dipped galvanized steel fasteners, anchors, rods, 
straps, trim and angles for support of ductwork. 
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2.5 DUCT ACCESSORIES 

A. Transverse Duct Joints:  May be made with the Ductmate Systems or an Engineer pre-
approved equivalent.  The Ductmate Systems are to be used in accordance with the Ductmate 
factory installation and assembly instructions, (1-800-245-3188). 

1. Ductmate 440 or a Butyl Rubber Gasket which meets Mil-C 18969B, Type II Class B, T-
C-1796 A, Type II Class B, and TTS-S-001657 must also pass UL-723.  This material, in 
addition to the above, shall not contain vegetable oils, fish oils, or any other type vehicle 
that will support fungal and/or bacterial growth associated with dark, damp areas of 
ductwork.  The recommended test procedure for bacterial and fungal growth is found in 
21CFR 177, 1210 closures with sealing gaskets for food containers. 

2. Ductmate or W.D.C.I. proprietary duct connection systems are acceptable.  Duct 
constructed using these systems shall refer to the manufacturer's guidelines for sheet 
gauge, intermediate reinforcement size and spacing, and joint reinforcements. 

3. Formed on flanges (T.D.C./T.D.F./T-25A/T-25B) are acceptable.  Formed on flanges shall 
be constructed as SMACNA T-25 flanges, whose limits are defined on Page 1.36 1985 
SMACNA Manual, First Edition.  No other construction pertaining to formed on flanges will 
be accepted.  Formed on flanges shall be accepted for use on ductwork 42" wide or less, 
2" static positive pressure or less, and shall include the use of corners, bolts and 
cleat.  (Over 42", the reinforcement/joint deflection criteria no longer conform to the 
UMC). 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. General:  Assemble and install ductwork in accordance with recognized industry practices 
which will achieve airtight (5% leakage for systems rated 3" and under; 1% for systems rated 
over 3") and noiseless (no objectionable noise) systems, capable of performing each indicated 
service.  Install each run with minimum number of joints.  Align ductwork accurately at 
connections, within 1/8" misalignment tolerance and with internal surfaces smooth.  Support 
ducts rigidly with suitable ties, braces, hangers and anchors of type which will hold ducts true-
to-shape and to prevent buckling.  Support vertical ducts at every floor. 

B. Inserts:  Install concrete inserts for support of ductwork in coordination with form work, as 
required to avoid delays in work. 

C. Field Fabrication:  Complete fabrication of work at project as necessary to match shop-
fabricated work and accommodate installation requirements. 

D. Locate ductwork runs, except as otherwise indicated, vertically and horizontally and avoid 
diagonal runs wherever possible.  Locate runs as indicated by diagrams, details and notations 
or, if not otherwise indicated, run ductwork in shortest route which does not obstruct usable 
space or block access for servicing building and its equipment.  Install offsets, angles, and 
transitions as may be required to avoid interferences with other work, install streamlined 
easements around obstructions where necessary to pass obstructions through ducts.  Maintain 
full capacity of ducts at offsets, angles, transitions and easements, except where Drawings 
indicated use of reducing or increasing transitions.  Hold ducts close to walls, overhead 
construction, columns, and other structural and permanent enclosure elements of building. 
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E. Limit clearance to ½" where furring is shown for enclosure or concealment of ducts, but allow 
for insulation thickness, if any.  Where possible, locate insulated ductwork for 1" clearance 
outside of insulation.  Wherever possible in finished and occupied spaces, conceal ductwork 
from view, by locating in mechanical shafts, hollow wall construction or above suspended 
ceilings.  Do not encase horizontal runs in solid partitions, except as specifically 
shown.  Coordinate layout with suspended ceiling and lighting layouts and similar finished 
work. 

F. Where ducts pass through interior partitions and exterior walls, conceal the space between the 
construction opening and the duct or duct-plus-insulation with sheet metal flanges of the same 
gauge as the duct.  Overlap the opening on all sides by at least 1½". 

G. Coordinate duct installations with installation of accessories, equipment, controls and other 
associated work of the ductwork system. 

H. Each duct section shall be rigidly supported from structure.  Attach hangers to structure with 
expansion plugs, concrete inserts, beam clamps or other approved means.  Rubber-in-shear 
isolators shall be installed in hangers for ducts in equipment rooms, to prevent vibration 
transmission to the structure. 

I. Install as indicated on the Drawings duct mounted equipment as specified in other Sections. 

J. Duct sizes shown on Drawings are net inside dimensions.  Increase duct sizes as required to 
allow for installation of duct liner, where specified. 

K. Application of Duct Sealant:  All ducts to be properly sealed.  Specified duct sealant to be 
pumped or painted into all joints and seams on all ductwork systems.  Sealant shall be allowed 
to set 48 hours before any air pressure is applied to system. 

L. Electrical Equipment Spaces:  Do not route ductwork through electrical equipment spaces and 
enclosures.  Do not run ductwork above electrical panels. 

M. Install Type B double wall gas vents in accordance with manufacturer's installation 
instructions.  Maintain UL listed minimum clearances for combustibles.  Assemble pipe and 
accessories as indicated for complete installation. 

3.2 EQUIPMENT CONNECTIONS 

A. General:  Connect metal ductwork to equipment as indicated; provide flexible connection for 
each ductwork connection to equipment mounted on vibration isolators, and/or equipment 
containing rotating machinery. 

3.3 ADJUSTING AND CLEANING 

A. Clean ductwork internally, unit by unit as it is installed, of dust and debris.  Clean external 
surfaces of foreign substances which might cause corrosive deterioration of metal or, where 
ductwork is to be painted, might interfere with painting or cause paint deterioration. 

B. Temporary Closure:  At ends of ducts which are not connected to equipment or air distribution 
devices at time of ductwork installation, provide temporary closure of polyethylene film or other 
covering which will prevent entrance of dust and debris until time connections are to be 
completed. 

C. Balancing:  Refer to Section 23 0593, "Testing, Adjusting and Balancing for HVAC" for air 
distribution balancing of metal ductwork; not work of this section.  Seal any leaks in ductwork 
that become apparent during the balancing process. 

END OF SECTION 
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SECTION 23 3700  
  WALL LOUVERS 

PART 1     GENERAL 

1.1 SECTION INCLUDES 

A. Provide labor, materials, equipment and supervision necessary to furnish and install: 

1. Shop fabricated louver and frame. 
2. Head and sill flashing to adjacent work. 
3. Bird screening. 
4. Attachment hardware. 

1.2 SUBMITTALS 

A. Shop Drawings 

1. Clearly indicate, in large scale, profile of frame and installation details, relation to adjacent 
construction, flashing blade configuration, bird and insect screens, and insulated damper 
and frame. 

B. Product Data 

1. Provide louver schedule indicating each louver location, size, free area, water 
penetration, airflow, and associated pressure drop. 

2. Accessory information. 
3. Color/finish information and color selection materials. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Louvers shall be model as scheduled on drawings or an equivalent model approved in 
advance from the following manufacturers: 

1. Ruskin 
2. Greenheck. 
3. Airolite. 
4. Louvers and Dampers 
5. Pottorff. 
6. NCA 
7. United Enertech 
8. Engineer Pre-Approved Equivalent. 
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2.2 MATERIALS 

A. Horizontal Line (Continuous Blade) HVAC Louver: 

1. Frame and blades:  0.081-inch thick.  Extruded aluminum, four inches deep, Type 6063-
T5 aluminum. 

2. Bird Screen:  3/4-inch mesh, 16-gauge aluminum, secured in removable aluminum frame. 
3. Provide extended sill flashing. 
4. Drainable blade. 
5. Finish to be Kynar 500 fluoropolymer coating (70% PVDF) in standard color as selected 

by architect. 20 year warranty on standard finish colors. 
6. Design shall incorporate structural supports to withstand 20 psf wind loads. 
7. Blades shall be spaced 5-29/32'' nominal on center at 35º angle, drainable type. 
8. Intermediate support mullions shall not interrupt exterior appearance. 
9. Size shall be as shown on drawings. 

B. Performance: 

1. The louver shall be licensed to bear the AMCA seal for water penetration and air 
performance. 

2. The louver shall not allow water penetration greater than 0.01 oz/square foot at velocities 
less than 1000 feet per minute when tested for 15 minutes. 

3. The pressure drop through the louver shall not exceed .15 inches water gauge at 800 fpm 
(intake).  Pressure drops do not include bird screen or insect screen. 

4. Reference drawings for cfm and louver sizes. 

PART 3 EXECUTION 

3.1 PREPARATION 

A. Ensure openings affecting this work are properly prepared and that flashings are correctly 
located to divert moisture to exterior. 

3.2 INSTALLATION 

A. Install louvers in openings properly aligned and level. 

B. Install louvers in accordance with manufacturer’s instructions, architectural details, and 
mechanical details. 

C. Secure louver rigid with concealed fasteners of non-corrosive metals to suit materials as being 
encountered. 

D. Coordinate installation method with application of exterior materials and mechanical work. 

E. Set and tie into flashings to ensure diversion of moisture to exterior. 

F. Install removable bird screens. 

G. Caulk around louvers to form seal with surrounding building materials.  Verify proper drainage 
through weep holes following caulking. 

END OF SECTION 
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SECTION 23 3713  
AIR OUTLETS AND INLETS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Supply registers and grilles. 

B. Exhaust and return registers and grilles. 

1.2 SUBMITTALS 

A. See Section 01 3300 - Submittal Procedures for submittal procedures. 

B. Product Data:  Provide data for equipment required for this project.  Review outlets and inlets 
as to size, finish, and type of mounting prior to submission.  Submit schedule of outlets and 
inlets showing type, size, location, application, and noise level. 

PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. Diffusers, Registers, and Grilles 

1. Anemostat 
2. Carnes, a division of Carnes Company Inc 
3. Hart & Cooley, Inc 
4. Krueger-HVAC 
5. Metalaire, a brand of Metal Industries Inc. 
6. Nailor 
7. Price Industries 
8. Raymon-Donco 
9. Titus, a brand of Air Distribution Technologies 
10. Tuttle and Bailey 
11. Engineer Pre-Approved Equivalent 

2.2 SUPPLY REGISTERS/GRILLES 

A. See schedules on plans. 

B. The finish shall be an anodic acrylic paint, baked at 315 degrees F for 30 minutes.  The pencil 
hardness must be HB to H. 

C. The manufacturer shall provide published performance data for the grille. The grille shall be 
tested in accordance with ANSI/ASHRAE Standard 70-2006. 
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2.3 EXHAUST AND RETURN REGISTERS/GRILLES 

A. See schedules on plans. 

B. The finish shall be an anodic acrylic paint, baked at 315 degrees F for 30 minutes.  The pencil 
hardness must be HB to H. 

C. The manufacturer shall provide published performance data for the grille. The grille shall be 
tested in accordance with ANSI/ASHRAE Standard 70-2006. 

PART 3  EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Check location of outlets and inlets and make necessary adjustments in position to comply with 
architectural features, symmetry, and lighting arrangement. 

C. Provide balancing dampers on duct take-off to diffusers, and grilles and registers, despite 
whether dampers are specified as part of the diffuser, or grille and register assembly. 

D. Provide transitions as required for connections to ductwork, including square to round. 

E. Install diffusers, registers, and grilles level and plumb. 

END OF SECTION 
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SECTION 23 5100  
BREECHINGS, CHIMNEYS, AND STACKS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Manufactured breechings. 

1.2 RELATED SECTIONS 

A. Section 07 8400 - Firestopping. 

1.3 REFERENCES 

A. ANSI Z21.66 - American National Standard for Automatic Damper Devices for Use with Gas-
Fired Appliances 2015 (Reaffirmed 2020). 

B. ASME B16.5 - Pipe Flanges and Flanged Fittings: NPS 1/2 through NPS 24 Metric/Inch 
Standard 2020. 

C. ASME B16.21 - Nonmetallic Flat Gaskets for Pipe Flanges 2021. 

D. ASME B31.9 - Building Services Piping 2020. 

E. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless 2022. 

F. ASTM A181/A181M - Standard Specification for Carbon Steel Forgings, for General-Purpose 
Piping 2023. 

G. ASTM A193/A193M - Standard Specification for Alloy-Steel and Stainless Steel Bolting for 
High Temperature or High Pressure Service and Other Special Purpose Applications 2023. 

H. ASTM A194/A194M - Standard Specification for Carbon Steel, Alloy Steel, and Stainless Steel 
Nuts for Bolts for High Pressure or High Temperature Service, or Both 2023. 

I. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Steel and 
Alloy Steel for Moderate and High Temperature Service 2023a. 

J. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process 2023. 

K. ASTM A1011/A1011M - Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, 
Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, and 
Ultra-High Strength 2023. 

L. ASTM C401 - Standard Classification of Alumina and Alumina-Silicate Castable Refractories 
2012 (Reapproved 2022). 

M. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection, 
Application, and Installation 2018, with Amendment (2019). 

N. NEMA MG 1 - Motors and Generators 2021. 

O. NFPA 31 - Standard for the Installation of Oil-Burning Equipment 2020. 

P. NFPA 54 - National Fuel Gas Code 2021. 

Q. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 
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R. NFPA 82 - Standard on Incinerators and Waste and Linen Handling Systems and Equipment 
2019. 

S. NFPA 211 - Standard for Chimneys, Fireplaces, Vents, and Solid Fuel-Burning Appliances 
2019. 

T. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible 2020. 

U. UL 103 - Factory-Built Chimneys for Residential Type and Building Heating Appliances Current 
Edition, Including All Revisions. 

V. UL 127 - Standard for Factory-Built Fireplaces Current Edition, Including All Revisions. 

W. UL 378 - Standard for Draft Equipment Current Edition, Including All Revisions. 

X. UL 441 - Standard for Gas Vents Current Edition, Including All Revisions. 

Y. UL 641 - Type L Low Temperature Venting Systems Current Edition, Including All Revisions. 

Z. UL 959 - Medium Heat Appliance Factory Built Chimneys Current Edition, Including All 
Revisions. 

1.4 DESIGN REQUIREMENTS 

A. Factory built vents and chimneys used for venting natural draft appliances to comply with 
NFPA 211 and be UL listed and labeled. 

1.5 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:  Coordinate the installation with size, location and installation of service utilities. 

B. Sequencing:  Ensure that utility connections are achieved in an orderly and expeditious 
manner. 

1.6 SUBMITTALS 

A. See Section 01 3300 - Submittal Procedures, for submittal procedures. 

B. Product Data:  Provide data indicating factory-built chimneys, including dimensional details of 
components and flue caps, dimensions and weights, electrical characteristics and connection 
requirements. 

C. Shop Drawings:  Indicate general construction, dimensions, weights, support and layout of 
breechings, clearances, connection types and sizes, and seismic restraints.  Submit layout 
drawings indicating plan view and elevations where factory-built units are used. 

D. Manufacturer's Instructions:  Include installation instructions, and indicate assembly, support 
details, and connection requirements. 

1.7 QUALITY ASSURANCE 

A. Warranty: Manufacturer agrees to repair or replace components of venting system that fail in 
materials or workmanship within 10 year warranty period. Failures include, but are not limited 
to, structural failures caused by expansion and contraction. 
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PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. AMPCO by Hart & Cooley, Inc 

B. DuraVent 

C. Metal-Fab, Inc 

D. Security Chimneys International 

E. Selkirk Corporation 

F. Z-Flex U.S. Inc 

G. Van Packer Company 

H. Engineer Pre-Approved Equivalent 

2.2 BREECHINGS, CHIMNEYS, AND STACKS - GENERAL REQUIREMENTS 

A. Regulatory Requirements: 

1. Comply with applicable codes for installation of natural gas burning appliances and 
equipment. 

2. Comply with NFPA 31 for installation of oil burning appliances and equipment. 
3. Products Requiring Electrical Connection:  Listed and classified by Underwriters 

Laboratories Inc. as suitable for the purpose specified and indicated. 

2.3 MANUFACTURED BREECHINGS 

A. Provide factory-built, modular connector and manifold system, tested to UL 103 with positive 
pressure rating. 

B. Assembly to be UL listed for use with building equipment in compliance with NFPA 211. 

C. Fabricate with 1 inch minimum air space between walls and construct inner liner of 304 
stainless steel and outer jacket of 304 stainless steel. 

1. Protect aluminized steel surfaces exposed to the elements with a minimum of one base 
coat of primer and one finish coat of corrosion resistant paint suitable for outer jacket skin 
temperatures of the application. 

D. Design, fabricate, and install gas-tight preventing products of combustion leaking into the 
building. 

1. Securely connect inner joints and seal with factory supplied overlapping V-bands and 
appropriate sealant in accordance with manufacturer's instructions. 

2. System design to compensate for all flue gas induced thermal expansion. 
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PART 3  EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install in accordance with NFPA 54 

C. Install breechings with minimum of joints.  Align accurately at connections, with internal 
surfaces smooth. 

D. Support breechings from building structure, rigidly with suitable ties, braces, hangers and 
anchors to hold to shape and prevent buckling.  Support vertical breechings, chimneys, and 
stacks at 12 foot spacing, to adjacent structural surfaces, or at floor penetrations.  Refer to 
SMACNA (DCS) for equivalent duct support configuration and size. 

E. Install concrete inserts for support of breechings, chimneys, and stacks in coordination with 
formwork. 

F. Pitch breechings with positive slope up from fuel-fired equipment to chimney or stack. 

G. Install firestopping to preserve fire resistance rating of partitions and other elements, using 
materials and methods specified in Section 07 8400. 

H. Insulate breechings in accordance with Section 22 0716. 

I. Clean breechings, chimneys, and stacks during installation, removing dust and debris. 

J. At appliances, provide slip joints permitting removal of appliances without removal or 
dismantling of breechings, breeching insulation, chimneys, or stacks. 

END OF SECTION 
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SECTION 23 5216  
FIRE-TUBE CONDENSING HOT WATER BOILERS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Manufactured units. 

B. Boiler construction. 

C. Boiler trim. 

D. Fuel burning system. 

E. Factory installed controls. 

1.2 RELATED SECTIONS 

A. Section 23 0923 - Direct-Digital Control System for HVAC 

B. Section 23 2113 - Hydronic Specialties 

C. Section 23 2123 - Hydronic Pumps 

D. Section 23 2500 - HVAC Water Treatment 

E. Section 23 5100 - Breechings, Chimneys, and Stacks 

F. Section 26 0519 Low-Voltage Electrical Power Conductors and Cables 

1.3 REFERENCES 

A. AHRI Directory of Certified Product Performance - Air-Conditioning, Heating, and Refrigeration 
Institute (AHRI) Current Edition. 

B. AHRI 1500 - Performance Rating of Commercial Space Heating Boilers 2015. 

C. ANSI Z21.13 - American National Standard for Gas-Fired Low-Pressure Steam and Hot Water 
Boilers 2022. 

D. ASHRAE Std 90.1 I-P - Energy Standard for Buildings Except Low-Rise Residential Buildings 
Most Recent Edition Adopted by Authority Having Jurisdiction, Including All Applicable 
Amendments and Supplements. 

E. ASHRAE Std 103 - Method of Testing for Annual Fuel Utilization Efficiency of Residential 
Central Furnaces and Boilers 2022. 

F. ASME BPVC-IV - Boiler and Pressure Vessel Code, Section IV - Rules for Construction of 
Heating Boilers 2023. 

G. ASME CSD-1 - Controls and Safety Devices for Automatically Fired Boilers 2021. 

H. ICC (IECC) - International Energy Conservation Code Most Recent Edition Adopted by 
Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 

I. NBBI Manufacturer and Repair Directory - The National Board of Boiler and Pressure Vessel 
Inspectors (NBBI) Current Edition. 

J. NFPA 31 - Standard for the Installation of Oil-Burning Equipment 2020. 

K. NFPA 54 - National Fuel Gas Code 2021. 
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L. NFPA 58 - Liquefied Petroleum Gas Code 2020, with Amendment. 

M. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

N. SCAQMD 1146.1 - Emissions of Oxides of Nitrogen from Small Industrial, Institutional, and 
Commercial Boilers, Steam Generators, and Process Heaters 1990, with Amendment (2018). 

O. SCAQMD 1146.2 - Emissions of Oxides of Nitrogen from Large Water Heaters and Small 
Boilers and Process Heaters 1998, with Amendment (2018). 

P. UL 795 - Commercial-Industrial Gas Heating Equipment Current Edition, Including All 
Revisions. 

1.4 SUBMITTALS 

A. See Section 01 3300 - Administrative Requirements for submittal procedures. 

B. Product Data:  Provide data indicating general assembly, components, controls, safety 
controls, and wiring diagrams with electrical characteristics and connection requirements, and 
service connections. 

C. Manufacturer's Installation Instructions:  Indicate assembly, support details, connection 
requirements, and include start up instructions. 

D. Manufacturer's Factory Inspection Report:  Submit boiler inspection prior to shipment. 

E. Manufacturer's Field Reports:  As specified in Part 3. 

F. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating 
instructions, cleaning procedures, replacement parts list, and maintenance and repair data. 

G. Warranty:  Submit manufacturer warranty and ensure forms have been completed in Owner's 
name and registered with manufacturer. 

1.5 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products 
specified in this section, with minimum three years of documented experience. 

B. Provide factory tests to check construction, controls, and operation of unit. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Protect boilers from damage by leaving factory inspection openings and shipping packaging in 
place until final installation. 

1.7 WARRANTY 

A. See Division 01, for additional warranty requirements. 

B. Provide a five year prorated warranty to include coverage for heat exchanger. 

C. Standard Warranty: Boilers shall include manufacturer's standard form in which manufacturer 
agrees to repair or replace components of boilers that fail in materials or workmanship within 
specified warranty period. 

1. Warranty Period for Fire-Tube Condensing Boilers: 
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a. The pressure vessel/heat exchanger shall carry a 15-year from shipment, non-
prorated, limited warranty against any failure due to condensate corrosion, thermal 
stress, mechanical defects or workmanship. 

b. The pressure vessel is warranted against failure due to thermal shock for the lifetime 
of the boiler provided the boiler is installed, controlled, operated and maintained in 
accordance with the operation and maintenance manual. 

c. The burner shall be conditionally guaranteed against any failure for (5) five years 
from shipment. 

d. Manufacturer labeled control panels are conditionally warranted against failure for (3) 
three years from shipment. 

e. All other components, with the exception of the igniter, flame detector and sensor, 
are conditionally guaranteed against any failure for (2) two years from shipment. 

PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. Natural Gas for Indoor Applications: 

1. LAARS Heating Systems Company 
2. Lochinvar LLC 
3. The Fulton Companies 
4. Aerco. 
5. Raypak. 
6. Cleaver-Brooks. 
7. Viessmann. 
8. Engineer pre-approved equivalent. 

2.2 MANUFACTURED UNITS 

A. Units shall fit through a 36" wide opening.  See schedules for other dimensional limitations. 

B. Factory assembled, factory fire-tested, self-contained, readily transported unit ready for 
automatic operation except for connection of water, fuel, electrical, and vent services. 

C. Unit:  Metal membrane wall, fire tube, condensing boiler on integral structural steel frame base 
with integral fuel burning system, firing controls, boiler trim, insulation, and removable jacket, 
suitable for indoor application. 

1. Water tube boilers are not permitted. 
D. Boiler shall be either natural gas or dual fuel fired (nat. gas/propane) fully condensing fire tube 

design. It shall be designed to operate in variable primary or primary secondary piping 
configuration. Power burner shall have full modulation, discharge into a positive or negative 
pressure vent. 

1. Natural Gas: Admin. 



 
WRC Decentralization Phase 3  
IDAS Project # 9279.30 
SH Project # 2142203394  

 

FIRE-TUBE CONDENSING HOT 
WATER BOILERS  
23 5216 - 4  

Issued for Bid 
01-11-2024   

2. Dual Fuel: Med Center. 

2.3 BOILER CONSTRUCTION 

A. Comply with the minimum requirements of ASME BPVC-IV and ANSI Z21.13 for construction 
of boilers. 

B. Assembly to bear the ASME "H" stamp and comply with the efficiency requirements of the 
latest edition of ASHRAE Std 90.1 I-P. 

C. Required Directory Listings: 

1. AHRI Directory of Certified Product Performance - Air-Conditioning, Heating, and 
Refrigeration Institute (AHRI); current edition at www.ahrinet.org. 

2. NBBI Manufacturer and Repair Directory - The National Board of Boiler and Pressure 
Vessel Inspectors (NBBI); current edition at www.nationalboard.org. 

D. Heat Exchanger: Construct with materials that are impervious to corrosion where subject to 
contact with corrosive condensables. 

1. The heat exchanger shall be constructed of 439 stainless steel fire tubes and tubesheets, 
with a one-pass combustion gas flow design. The fire tubes shall be 1/2” or 5/8” OD, with 
no less than 0.049” wall thickness. The upper and lower stainless steel tubesheet shall be 
no less than 0.25” thick. The pressure vessel/heat exchanger shall be welded 
construction. The heat exchanger shall be ASME stamped for a working pressure not less 
than 150 psig. Access to the tubesheets and heat exchanger shall be available by burner 
and exhaust manifold removal. 

E. Provide adequate tappings, observation ports, removable panels, and access doors for entry, 
cleaning, and inspection. 

F. Insulate casing with insulation material, protected and covered by heavy-gage metal jacket. 

G. Factory apply boiler base and other components, that are subject to corrosion, with durable, 
powder coated finish. 

2.4 BOILER TRIM 

A. ASME rated pressure relief valve. 

B. Flow switch. 

C. Electronic Low Water Cut-off:  Complete with test light and manual reset button to 
automatically prevent firing operation whenever boiler water falls below safe level. 

D. Temperature and pressure gauge. 

E. Pressure Switches: 

1. High gas pressure. 
2. Low gas pressure. 
3. Air pressure. 

F. Manual reset high limit. 

G. Drain Valve: Minimum NPS 3/4 hose-end gate valve. 

H. Condensate neutralization kit. 

I. Controls and safety devices as required by ASME CSD-1. 
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2.5 FUEL BURNING SYSTEM 

A. Provide forced draft automatic burner, integral to boiler, designed to burn natural gas, and 
maintain fuel-air ratios automatically. 

1. Blower Design:  Statically and dynamically balanced to supply combustion air; direct 
connected to motor. 

2. Forced Draft Design:  Mixes combustion air and gas to achieve 90 percent combustion 
efficiency or as scheduled on Drawings. 

3. Combustion Air Filter:  Protects fuel burning system from debris. 
B. Gas Train: Plug valve, safety gas valve, gas-air ratio control valve, and pressure regulator 

controls air and gas mixture. 

1. Natural gas: The unit gas train shall be specifically designed and calibrated for a single 
predetermined fuel. The gas train shall be a ventless gas train. 

2. Dual Fuel Capability.  Dual fuel boiler (natural gas/propane) shall include a combustion 
system capable of operating on both Natural Gas and Propane. The boiler efficiency and 
turndown shall remain unchanged regardless of fuel source. The dual fuel system shall 
incorporate independent natural gas and propane gas trains and a fuel selector 
switch.  This switching mechanism shall be such that it shall not be possible to flow both 
fuels simultaneously. The unit shall be calibrated to run on both fuel sources at start-up. 
No additional re-calibration shall be required when switching between fuel sources for a 
period of one year from the initial calibration. 

C. Emission of Oxides of Nitrogen Requirements:  Comply with SCAQMD 1146.1 for natural gas 
fired system, as applicable. 

D. Intakes:  Combustion air intake capable of accepting free mechanical room air or direct outside 
air through a sealed intake pipe. 

2.6 FACTORY INSTALLED CONTROLS 

A. Building Automation: The control shall be able to communicate to Building Management 
Systems using BACnet and Modbus without the use of external gateways. The control shall be 
able to communicate over each of the two protocols using IP as well as RS485. The use of 
external gateways is not acceptable. The control shall be able to communicate to the building 
management system using: 

1. BACnet MS/TP and BACnet IP/Ethernet. When communicating over BACnet IP, the 
control shall offer an additional layer of IP security by mapping all control BACnet IP 
communication to the BACnet server’s IP and MAC addresses. Not having this level of 
security shall deem the IP communication insecure and shall not be acceptable. 

B. Boiler Options: 

1. Advanced boiler modulation. 
2. Multiple boiler staging. 
3. Outdoor air temperature reset. 
4. Remote system temperature. 
5. 0-10 VDC input. 
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6. Integrated control and wiring for seamless installation of optional modulating motorized 
valve.  When valves are utilized, the system shall operate one motorized valve per unit as 
an element of load sequencing.  Valves shall close with decreased load as units turn off, 
with all valves open under no-load conditions.  

C. Temperature Controls: 

1. Automatic reset type to control fuel burning system on-off and firing rate to maintain 
temperature. 

2. Manual reset type to control fuel burning system to prevent boiler water temperature from 
exceeding safe system water temperature. 

3. Low-fire start time delay relay. 
D. Electronic PI setpoint/modulation control system. 

E. Microprocessor-based, fuel/air mixing controls. 

2.7 ELECTRICAL POWER 

A. Single-Point Field Power Connection: Factory-installed and -wired switches, motor controllers, 
transformers, and other electrical devices necessary shall provide a single-point field power 
connection to boiler. 

2.8 VENTING 

A. The boiler shall be capable of venting in Polypropylene venting material. The exhaust vent 
must be UL Listed for use with Category II, III and IV appliances and compatible with 
condensing flue gas service. UL-listed vents of Polypropylene or Al 29-4C stainless steel must 
be used with boilers. 

B. Combustion-Air Intake: Boilers shall be capable of drawing combustion air from the outdoors 
via a metal or PVC duct connected between the boiler and the outdoors. 

C. Common vent and common combustion air must be an available option for boiler installation. 
To improve system efficiency, multi-boiler system shall utilize sequencing logic with common 
venting as well as individual boiler venting configuration. Manufacturers not allowing parallel 
modulation for common shall not be acceptable. Consult manufacturer for common vent and 
combustion air sizing. 

D. Follow guidelines specified in manufacturer’s venting guide. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Before boiler installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes 
and locations, and piping and electrical connections to verify actual locations, sizes, and other 
conditions affecting boiler performance, maintenance, and operations. 

1. Final boiler locations indicated on Drawings are approximate. Determine exact locations 
before roughing-in for piping and electrical connections. 

B. Examine mechanical spaces for suitable conditions where boilers will be installed. 

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

A. Install in accordance with manufacturer's instructions. 

B. Install boiler and provide connection of natural gas service in accordance with requirements of 
NFPA 54 and applicable codes. Connect gas piping to boiler gas-train inlet with unions. Piping 
shall be at least full size of gas train connection. Provide a reducer if required. 

C. Connect hot-water piping to supply and return boiler tapings with shutoff valve and union or 
flange at each connection. 

D. Install boilers level on concrete bases. Concrete base is specified in Division 23 Section 
"Common Work Results for HVAC," and concrete materials and installation requirements are 
specified in Division 03. 

E. Provide vibration isolation as specified in Section 23 0548. 

F. Coordinate factory installed controls with Section 23 0923. 

G. Coordinate provisions for water treatment in accordance with Section 23 2500. 

H. Install piping from equipment drain connection to nearest floor drain. Piping shall be at least full 
size of connection. Provide an isolation valve if required. 

I. Pipe relief valves to nearest floor drain. 

J. Pipe cooled condensate produced by the combustion process from the boiler condensate 
connection and/or flue stack with suitable piping material to neutralizer prior to discharging into 
nearest floor drain. 

K. Install piping adjacent to boiler to permit service and maintenance. 

L. Provide piping connection and accessories in accordance with Section 23 2113. 

M. Boiler Venting: 

1. Complete system, ASTM A959, Type 29-4C stainless steel or polypropylene (PPs), pipe, 
vent terminal, thimble, indoor plate, vent adapter, condensate trap and dilution tank, and 
sealant. Vent system shall meet category IV venting requirements. 

2. Connect venting full size to boiler connections. 

3.3 PERFORMANCE TESTING 

A. Manufacturer's Field Reports: Burner manifold gas pressure, percent carbon monoxide (CO), 
percent oxygen (O), percent excess air, flue gas temperature at outlet, ambient temperature, 
net stack temperature, percent stack loss, percent combustion efficiency, and heat output. 

1. Indicate compliance with specified performance and efficiency. 
2. Provide results of the following combustion tests: 

a. Boiler firing rate. 

b. Over fire draft. 

c. Gas flow rate. 

d. Heat input. 

e. Burner manifold gas pressure. 

f. Percent carbon monoxide. 
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g. Percent oxides of nitrogen. 

h. Percent oxygen. 

i. Percent excess air. 

j. Flue gas temperature at outlet. 

k. Ambient temperature. 

l. Net stack temperature. 

m. Percent stack loss. 

n. Percent combustion efficiency. 

o. Heat output. 

3.4 CLOSEOUT ACTIVITIES 

A. See Division 01, for closeout submittals and additional requirements. 

B. Demonstrate proper operation of equipment to Owner's designated representative. 

C. Demonstration:  Demonstrate operation of system to Owner's personnel. 

1. Use operation and maintenance data as reference during demonstration. 
2. Conduct walking tour of project. 
3. Briefly describe function, operation, and maintenance of each component. 

D. Training:  Train Owner's personnel on operation and maintenance of system. 

1. Use operation and maintenance manual as training reference, supplemented with 
additional training materials as required. 

2. Provide minimum of two hours of training. 
3. Instructor:  Manufacturer's training personnel. 
4. Location:  At project site. 

END OF SECTION 
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SECTION 23 5217  
MODULAR FIRE-TUBE CONDENSING BOILERS 

PART 1 GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes packaged, factory-fabricated and assembled, gas-fired, fire-tube 
condensing boilers, trim, and accessories for space heating hot water. 

1.3 SUBMITTALS 

A. Product Data:  Include performance data, operating characteristics, furnished specialties, and 
accessories. 

B. Shop Drawings:  For boilers, boiler trim, and accessories. 

1. Include plans, elevations, sections, details, and attachments to other work. 
2. Wiring Diagrams: Power, signal, and control wiring. 

C. Source quality-control test reports:  Indicate and interpret test results for compliance with 
performance requirements before shipping. 

D. Field quality-control test reports:  Indicate and interpret test results for compliance with 
performance requirements. 

E. Warranty:  Standard warranty specified in this Section. 

1.4 CLOSEOUT SUBMITTALS 

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

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

B. ASME Compliance:  Fabricate and label boilers to comply with ASME Boiler and Pressure 
Vessel Code. 

C. ASHRAE/IESNA 90.1 Compliance:  Boilers shall have minimum efficiency according to "Gas 
and Oil Fired Boilers - Minimum Efficiency Requirements." 

D. AHRI Compliance:  Boilers shall be AHRI listed and must meet the minimum efficiency 
specified under AHRI BTS-2000 as defined by Department of Energy in 10 CFR Part 431. 

E. ANSI Compliance:  Boilers shall be compliant with ANSI Z21.13 test standards for US and 
Canada. 

F. CSA Compliant:  Boilers shall be compliant with CSA certification. 
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1.6 COORDINATION 

A. Coordinate size and location of concrete bases. 

1.7 WARRANTY 

A. Standard Warranty:  Boilers shall include manufacturer's standard form in which manufacturer 
agrees to repair or replace components of boilers that fail in materials or workmanship within 
specified warranty period. 

1. Warranty Period for Fire-Tube Condensing Boilers: 

a. Heat Exchanger, Pressure Vessel and Condensation Collection Basin shall carry a 
10 year limited warranty against defects in materials or workmanship and failure due 
to thermal shock. 

b. All other components shall carry a one year warranty from date of boiler start up. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Lochinvar Knight FTXL Boiler 

B. RBI Encore 850 

C. Campus Hydronics VA0850 

D. Engineer Pre-Approved Equivalent 

2.2 CONSTRUCTION 

A. Description:  Boiler shall be natural gas fired, fully condensing, and fire tube design.  The boiler 
shall be factory-fabricated, factory-assembled, and factory-tested, fire-tube condensing boiler 
with heat exchanger sealed pressure tight, built on a steel base; including insulated jacket; 
flue-gas vent; combustion-air intake connections; water supply, return, and condensate drain 
connections; and controls. 

B. Dimensions: Boiler shall fit through a 36" opening. 

C. Heat Exchanger:  The heater exchanger shall bear the ASME “H” stamp for 160 psi working 
pressure and shall be National Board listed.  The heat exchanger shall be constructed of a fully 
welded stainless steel and of fire tube design.  The heat exchanger shall be designed for a 
single-pass water flow to limit the water side pressure drop.  Cast iron, aluminum, or 
condensing copper tube boilers will not be accepted. 

D. Efficiency:  Boilers shall have an AHRI certified minimum thermal efficiency of 97 percent. 

E. Condensate Collection Basin:  Fully welded stainless steel and shall include a stainless steel 
combustion analyzer test port. 

F. Pressure Vessel:  The pressure vessel shall be in accordance with ASME Section IV pressure 
vessel code.  The pressure vessel shall be designed for a single-pass water flow to limit the 
water side pressure drop.   
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G. Burner:  Natural gas, forced draft single burner design.  The burner shall be high temperature 
stainless steel and provide modulating firing rates. The burner shall be capable of the stated 
gas train turndown without loss of combustion efficiency. 

H. Blower:  Boiler shall be equipped with a modulating blower system to precisely control the 
fuel/air mixture to provide modulating boiler firing rates for maximum efficiency.  The burner 
firing sequence of operation shall include pre-purge, firing, modulation, and post-purge 
operation. 

1. Motors:  Comply with requirements specified in Division 23 Section "Common Motor 
Requirements for HVAC Equipment." 

I. Gas Train:  The boiler shall be supplied with a negative pressure regulation gas train. 

J. Ignition:  Spark ignition with 100 percent main-valve shutoff with electronic flame supervision. 

K. Casing: 

1. Jacket:  Heavy gauge primed and painted steel jacket with snap-in closures. 
2. Control Compartment Enclosures:  NEMA 250, Type 1A. 
3. Insulation:  Minimum ½ inch thick, mineral fiber insulation surrounding the heat 

exchanger. 
4. Combustion-Air Connections:  Inlet and vent duct collars. 

L. Characteristics and Capacities: 

1. Heating Medium:  Hot water. 
2. Design Water Pressure Rating:  160 psi working pressure. 
3. Safety Relief Valve Setting:  75 psig. 

2.3 TRIM 

A. Safety Relief Valve: 

1. Size and Capacity:  50 lb. 
2. Description:  Fully enclosed steel spring with adjustable pressure range and positive 

shutoff; factory set and sealed. 
B. Pressure Gage:  Minimum 3-1/2 inch diameter.  Gage shall have normal operating pressure 

about 50 percent of full range. 

C. Drain Valves:  Minimum NPS 3/4 or nozzle size with hose-end connection. 

D. Condensate Neutralization Kit:  Factory supplied condensate trap with condensate trip sensor, 
high capacity condensate receiver prefilled with appropriate medium. 

2.4 CONTROLS 

A. Refer to Division 23 Section "Instrumentation and Control for HVAC." 

B. Boiler controls shall feature a standard, factory installed multi-color graphic LCD screen display 
with navigation dial and includes the following standard features: 

1. Con-X-Us capable:  Boiler shall have the ability to communicate remotely using the 
optional Con-X-Us software via a wireless or Ethernet connection. 
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2. Variable Speed Boiler Pump Control:  Boiler may be programmed to send a 0-10V DC 
output signal to an ECM or VFD boiler pump to maintain a designed temperature rise 
across the heat exchanger.  The boiler shall be able to operate in this mode with a 
minimum temperature rise of 20 degrees F and a maximum temperature rise of 60 
degrees F. 

3. Password Security:  Boiler shall have a different password security code for the User and 
the Installer to access adjustable parameters. 

4. Pump exercise:  Boiler shall energize any pump it controls for an adjustable time if the 
associated pump has been off for a time period of 24 hours. 

5. Ramp delay:  Boiler may be programmed to limit the firing rate based on six limits steps 
and six time intervals. 

6. Boost function:  Boiler may be programmed to automatically increase the set point a fixed 
number of degrees (adjustable by installer) if the setpoint has been continuously active for 
a set period of time (time adjustable by installer).  This process will continue until the 
space heating demand ends. 

7. PC port connection:    Boiler shall have a PC port allowing the connection of PC boiler 
software. 

8. Time clock:  Boiler shall have an internal time clock with the ability to time and date stamp 
lock-out codes and maintain records of runtime. 

9. Maintenance reminder:  Boiler shall have the ability to display a yellow colored, 
customizable maintenance notification screen.  All notifications are adjustable by the 
installer based upon months of installation, hours of operation, and number of boiler 
cycles. 

10. English Error codes:  Boiler shall have a user interface that displays a red error screen 
with fault codes that are displayed in English and include a date and time stamp for ease 
of servicing. 

11. Anti-cycling control:  Boiler shall have the ability to set a time delay after a heating 
demand is satisfied allowing the boiler to block a new call for heat.  The boiler will display 
an anti-cycling blocking on the screen until the time has elapsed or the water temperature 
drops below the anti-cycling differential parameter.  The anti-cycling control parameter is 
adjustable by the installer. 

12. Freeze protection:  Boiler shall turn on the boiler and system pumps when the boiler water 
temperature falls below 45 degrees.  When the boiler water temperature falls below 37 
degrees the boiler will automatically turn on.  Boiler and pumps will turn off when the 
boiler water temperature rises above 43 degrees. 

13. Isolation valve control:  Boiler shall have the ability to control a 2-way motorized control 
valve.  Boiler shall also be able to force a fixed number of valves to always be energized 
regardless of the number of boilers that are firing. 

14. BMS integration with 0-10V DC input:  The Control shall allow an option to Enable and 
control set point temperature or control firing rate by sending the boiler a 0-10V input 
signal. 

15. Data logging:  Boiler shall have non-volatile data logging memory including last 10 
lockouts, space heat run hours, domestic hot water run hours and ignition attempts.  All 
data should be visible on the boiler screen. 
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C. The boiler shall have a built in Cascade controller to sequence and rotate lead boiler to ensure 
equal runtime while maintaining modulation of up to 8 boilers of different btu inputs without 
utilization of an external controller.  The factory installed, internal cascade controller shall 
include: 

1. Efficiency optimization:  The Control module shall allow multiple boilers to simultaneously 
fire at minimum firing rate in lieu of Lead/Lag. 

2. Rotation of lead boiler:  The Control module shall change the lead boiler every hour for 
the first 24 hours after initializing the Cascade.  Following that, the leader will be changed 
once every 24 hours. 

D. Boiler operating controls shall include the following devices and features: 

1. Set-Point Adjust:  Set points shall be fully adjustable by the installer. 
2. Sequence of Operation:  Factory installed controller to modulate burner firing rate to 

maintain system water temperature in response to call for heat. 
E. Burner Operating Controls:  To maintain safe operating conditions, burner safety controls limit 

burner operation and include: 

1. High Temperature Limit:  Automatic and manual reset stops burner if operating conditions 
rise above maximum boiler design temperature.  Limit switch to be manually reset on the 
control interface. 

2. Low-Water Cutoff Switch:  Electronic probe shall prevent burner operation on low 
water.  Cutoff switch shall be manually reset on the control interface. 

3. Blocked Inlet Safety Switch:  Manual-reset pressure switch field mounted on boiler 
combustion-air inlet. 

4. High and Low Gas Pressure Switches:  Pressure switches shall prevent burner operation 
on low or high gas pressure.  Pressure switches to be manually reset on the control 
interface. 

5. Blocked Drain Switch:  Blocked drain switch shall prevent burner operation when 
tripped.  Switch to be manually reset on the control interface. 

6. Low air pressure switch:  Pressure switches shall prevent burner operation on low air 
pressure.  Switch to be manually reset on the control interface. 

7. Optional Audible Alarm:  Factory mounted on control panel with silence switch; shall 
sound alarm for any lockout conditions. 

F. Building Automation System Interface: 

1. Boiler shall have the ability to receive a 0-10V system from a building management 
system and control by the following: 

a. 0-10V DC input to control Modulation or Setpoint. 

b. 0-10V DC input from Variable speed Boiler pump. 

c. 0-10V DC output signal to a Variable speed system pump. 

d. 0-10V DC input Enable/Disable signal. 

2. Factory installed Modbus gateway interface to enable building automation system to 
monitor, control, and display boiler status and alarms. 
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2.5 ELECTRICAL POWER 

A. Controllers, Electrical Devices, and Wiring:  Electrical devices and connections are specified in 
Division 26 Sections. 

B. Single-Point Field Power Connection:  Factory-installed and factory-wired switches, motor 
controllers, transformers, and other electrical devices necessary shall provide a single-point 
field power connection to boiler. 

2.6 VENTING 

A. Exhaust flue must be Category IV approved PVC, CPVC, PP or stainless steel sealed vent 
material from one of the approved manufacturers listed in the Installation and Operation 
manual.  Boilers exhaust vent length must be able to extend to 100 equivalent feet. 

B. Intake piping must be of approved material as listed in the Installation and Operations 
manual.  Boilers intake pipe length must be able to extend to 100 equivalent feet. 

C. Boiler venting and intake piping configuration shall be installed per one of the approved venting 
methods shown in the Installation and Operation manual. 

D. Boiler shall come standard with a flue sensor to monitor and display flue gas temperature on 
factory provided LCD display. 

E. Refer to manufacturer’s Installation and Operations manual for detailed venting instructions 
and approved manufacturers. 

2.7 SOURCE QUALITY CONTROL 

A. Burner and Hydrostatic Test:  Factory adjust burner to eliminate excess oxygen, carbon 
dioxide, oxides of nitrogen emissions, and carbon monoxide in flue gas and to achieve 
combustion efficiency; perform hydrostatic test. 

B. Test and inspect factory-assembled boilers, before shipping, according to ASME Boiler and 
Pressure Vessel Code. 

PART 3 EXECUTION 

3.1 EXAMINATION 

A. Before boiler installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes 
and locations, and piping and electrical connections to verify actual locations, sizes, and other 
conditions affecting boiler performance, maintenance, and operations. 

1. Final boiler locations indicated on Drawings are approximate.  Determine exact locations 
before roughing-in of piping and electrical connections. 

B. Examine mechanical spaces for suitable conditions where boilers will be installed. 

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

3.2 BOILER INSTALLATION 

A. Install equipment on 4” concrete housekeeping pad. 

B. Install gas-fired boilers according to NFPA 54. 

C. Assemble and install boiler trim. 
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D. Install electrical devices furnished with boiler but not specified to be factory mounted. 

E. Install control wiring to field-mounted electrical devices. 

 

3.3 CONNECTIONS 

A. Install boilers level on concrete bases. Concrete base is specified in Division 23 Section 
"Common Work Results for HVAC," 

B. Install piping adjacent to boiler to allow service and maintenance. 

C. Install piping from equipment drain connection to nearest floor drain.  Piping shall be at least 
full size of connection.  Provide an isolation valve if required. 

D. Connect gas piping to boiler gas-train inlet with union.  Piping shall be at least full size of 
equipment connection.  Provide a reducer if required. 

E. Connect hot-water piping to supply and return boiler tappings with shutoff valve and union or 
flange at each connection. 

F. Install piping from safety relief valves to nearest floor drain. 

G. Boiler Venting: 

1. Install flue venting kit and combustion-air intake. 
2. Connect full size to boiler connections.  Comply with requirements in Division 23 Section 

“Breechings, Chimneys, and Stacks. 
H. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 

Systems." 

I. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors 
and Cables." 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

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

B. Tests and Inspections: 

1. Perform installation and startup checks according to manufacturer's written 
instructions.  Complete startup form included with Boiler and return to Manufacturer as 
described in the instructions. 

2. Leak Test:  Hydrostatic test.  Repair leaks and retest until no leaks exist. 
3. Operational Test:  Start units to confirm proper motor rotation and unit operation.  Adjust 

air-fuel ratio and combustion. 
4. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment. 

a. Check and adjust initial operating set points and high- and low-limit safety set points 
of fuel supply, water level and water temperature. 
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b. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

C. Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, 
provide on-site assistance in adjusting system to suit actual occupied conditions.  Provide up to 
two visits to Project during other than normal occupancy hours for this purpose. 

3.5 DEMONSTRATION 

A. Engage a factory representative or a factory-authorized service representative for boiler 
startup.  Start-up sheet shall be completed and a copy shall be sent to the Engineer and the 
Manufacturer.  A combustion analysis shall be completed and the gas valve adjusted per the 
Installation and Operations manual and note in start-up report. 

B. Factory representative or a factory-authorized representative shall provide Owners training to 
instruct maintenance personnel to adjust, operate, and maintain boilers.  Refer to Division 01 
Section "Demonstration and Training." 

END OF SECTION 
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SECTION 23 5239  
STEAM FIRE-TUBE BOILERS 

PART 1  GENERAL 

1.1 SUMMARY 

A. This Section includes packaged, factory fabricated, assembled, and tested boilers, trim, and 
accessories for generating steam with the following configurations and burners: 

1. Gas burner. 

1.2 SUBMITTALS 

A. Product Data:  Include performance data, operating characteristics, furnished specialties, and 
accessories. 

B. Shop Drawings:  For boilers, boiler trim, and accessories.  Include plans, elevations, sections, 
details, and attachments to other work. 

1. Wiring Diagrams:  Power, signal, and control wiring. 
2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate 

and describe mounting and anchorage provisions. 
3. Detailed description of equipment anchorage devices on which the certification is based 

and their installation requirements. 
4. Design calculations and vibration isolation base details, signed and sealed by a qualified 

professional engineer. 

a. Design Calculations:  Calculate requirements for selecting vibration isolators and 
seismic restraints and for designing vibration isolation bases. 

b. Vibration Isolation Base Details:  Detail fabrication including anchorages and 
attachments to structure and to supported equipment.  Include auxiliary motor slides 
and rails and equipment mounting frames. 

C. Operation and Maintenance Data:  For boilers, components, and accessories to include in 
emergency, operation, and maintenance manuals. 

D. Warranty:  Special warranty specified in this Section. 

E. Other Informational Submittals: 

1. ASME Stamp Certification and Report:  Submit "A," "S," or "PP" stamp certificate of 
authorization, as required by authorities having jurisdiction, and document hydrostatic 
testing of piping external to boiler. 

2. Startup service reports. 

1.3 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

B. ASME Compliance:  Fabricate and label boilers to comply with ASME Boiler and Pressure 
Vessel Code. 
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C. ASHRAE/IESNA 90.1 Compliance:  Boilers shall have minimum efficiency according to "Gas 
and Oil Fired Boilers - Minimum Efficiency Requirements." 

D. UL Compliance:  Test Boilers for compliance with UL 726, "Oil-Fired Boiler Assemblies" and 
UL 795, "Commercial-Industrial Gas Heating Equipment." Boilers shall be listed and labeled by 
a testing agency acceptable to authorities having jurisdiction. 

E. International Fuel Gas Code 

F. State Boiler Code 

G. International Mechanical Code 

1.4 GUARANTEES, WARRANTY AND START-UP 

A. The boilers shall be guaranteed at the time of start-up to meet or exceed the scheduled 
combustion efficiency for gas at 100% firing rate. 

B. Performance tests shall be performed by a factory authorized representative at the time of 
startup.  The contractor shall make provisions for venting the steam if an insufficient load exists 
for the duration of the tests. 

C. The equipment supplier shall warrant the boiler-burner package and accessories against 
defects in material and/or workmanship for a period of 12 months from startup date. 

D. Provide a five year warranty for heat exchanger. 

E. Equipment supplier will be required to provide information and assistance to installing 
contractor for duration of warranty period. 

PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide three pass high 
pressure steam boiler by one of the following: 

1. Les Boilers 
2. Burnham 
3. Hurst Boiler & Welding Company, Inc. 
4. Superior Boiler Works, Inc. 
5. PVI Industries, LLC. 
6. Cleaver Brooks 
7. Engineer Pre-Approved Equivalent. 

2.2 MANUFACTURED UNITS – HORIZONTAL FIRE TUBE 

A. Description: Factory fabricated, assembled, and tested, horizontal, fire-tube boilers with heat 
exchanger sealed pressure tight, built on a steel base; including insulated jacket, flue-gas vent, 
water supply and return connections, and controls. 

1. Boiler shall fit through existing doorways and stairwells to boiler room. 
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B. Pressure Vessel Design:  Straight, steel tubes welded into steel headers.  Three passes with 
wet-back design.  Minimum heat-exchanger surface of 4 sq. ft./bhp.  Include the following 
accessories: 

1. Handholes for water-side inspections. 
2. Lifting lugs on top of boiler. 
3. Minimum NPS 1 (DN 25) hose-end drain valves at shell low point. 
4. Tappings or flanges for supply- and return-water piping. 
5. Built-in air separator. 
6. Accessible drain and blowdown tappings, both high and low, for surface and mud 

removal. 
7. Tappings for steam supply, makeup, level controls, and chemical treatment. 

C. Front and Rear Doors: 

1. Hinged/deviated, sealed with heat-resistant gaskets and fastened with lugs and cap 
screws. 

2. Designed so tube sheets and flues are fully accessible for inspection or cleaning when 
doors are open. 

3. Include observation ports in doors at both ends of boiler for inspection of flame conditions. 
4. Door refractory/insulation shall be accessible for inspection and maintenance. 

D. Casing: 

1. Insulation:  Minimum 2-inch- (50-mm-) thick, mineral-fiber insulation surrounding the 
boiler shell. 

2. Flue Connection:  Flange at top of boiler. 
3. Jacket:  Sheet metal, with screw-fastened closures and powder-coated protective finish. 
4. Provide attachment points from the boiler shell though the insulation for catwalks and 

ladders as shown on drawings. 
5. Mounting base to secure boiler to concrete base. 
6. Control Compartment Enclosure:  NEMA 250, Type 1. 

2.3 BURNER – GAS 

A. Burner:  Welded construction with multivane, stainless-steel, flame-retention diffuser for natural 
gas.  Mount burner on hinged access door to permit access to combustion chamber. 

B. Blower:  Forward-curved centrifugal fan integral to burner, directly driven by motor; with 
adjustable, dual-blade damper assembly and locking quadrant to set air-fuel ratio. 

1. Motors:  Comply with requirements specified in Section 23 0513"Common Motor 
Requirements for HVAC Equipment." 

a. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven 
load will not require motor to operate in service factor range above 1.0. 

C. Gas Train:  Control devices and modulating control sequence shall comply with requirements 
in UL and ASME CSD-1. 

D. Gas Pilot:  Interrupted-electric-spark pilot ignition with 100 percent main-valve and pilot-safety 
shutoff with electronic supervision of burner flame. 
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E. The burner shall be modulating with minimum turndowns of 10:1 on natural gas. 

2.4 TRIM 

A. Include devices sized to comply with ANSI B31.1, "Power Piping" and ANSI B31.9, “Building 
Services Piping”. 

B. Pressure Controllers:  Operating, firing rate, and high limit. 

C. Safety Relief Valve: 

1. Size and Capacity:  As required for equipment according to ASME Boiler and Pressure 
Vessel Code. 

2. Description:  Fully enclosed steel spring with adjustable pressure range and positive 
shutoff; factory set and sealed. 

a. Drip-Pan Elbow:  Cast iron and having threaded inlet and outlet with threads 
complying with ASME B1.20.1. 

D. Pressure Gage:  Minimum 3-1/2-inch (89-mm) diameter.  Gage shall have normal operating 
pressure about 50 percent of full range. 

E. Water Column:  Minimum 12-inch (300-mm) glass gage with shutoff cocks. 

F. Blowdown Valves:  Factory-installed bottom and surface, slow-acting blowdown valves same 
size as boiler nozzle.  Blowdown valves shall be combination of slow and quick acting as 
required by ANSI B31.1. 

G. Stop Valves:  Boiler inlets and outlets, except safety relief valves or preheater inlet and outlet, 
shall be equipped with stop valve in an accessible location as near as practical to boiler nozzle 
and same size or larger than nozzle.  Valves larger than NPS 2 (DN 50) shall have rising stem. 

H. Stop-Check Valves:  Factory-installed, stop-check valve and stop valve for field installation at 
boiler outlet with free-blow drain valve for field installation between the two valves and visible 
when operating stop-check valve. 

2.5 CONTROLS 

A. Boiler operating controls shall include the following devices and features: 

1. Control transformer. 
2. Set-Point Adjust:  Set points shall be adjustable. 
3. Operating Pressure Control:  Factory wired and mounted to cycle burner. 
4. Pump Control: Operate feedwater pump(s). Boiler shall turn feedwater pumps on and off 

for makeup water control. 
5. Sequence of Operation:  Electric, factory-fabricated and field-installed panel to control 

burner firing rate to maintain a constant steam pressure.  Maintain pressure set point plus 
or minus 10 percent. 

6. Include automatic, alternating-firing sequence for multiple boilers to ensure maximum 
system efficiency throughout the load range and to provide equal runtime for boilers. 

B. Burner Operating Controls:  To maintain safe operating conditions, burner safety controls limit 
burner operation. 

1. High Cutoff:  Manual reset stops burner if operating conditions rise above maximum boiler 
design pressure. 
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2. Low-Water Cutoff Switch:  Float and electronic probe shall prevent burner operation on 
low water.  Cutoff switch shall be automatic-reset type. 

3. Audible Alarm:  Factory mounted on control panel with silence switch; shall sound alarm 
for above conditions. 

C. Building Management System Interface:  Factory-install hardware and software to enable 
building management system to monitor, control, and display boiler status and alarms. 

1. Hardwired Points: 

a. Monitoring:  On/off status, common trouble alarm, low water level alarm. 

b. Control:  On/off operation, steam pressure adjustment. 

2. A communication interface with building management system shall enable building 
management system operator to remotely control and monitor the boiler from an operator 
workstation.  Control features available, and monitoring points displayed, locally at boiler 
control panel shall be available through building management system. 

2.6 ELECTRICAL POWER 

A. Controllers, Electrical Devices, and Wiring:  Electrical devices and connections are specified in 
Division 26 Sections. 

B. Single-Point Field Power Connection:  Factory-installed and -wired switches, motor controllers, 
transformers, and other electrical devices necessary shall provide a single-point field power 
connection to boiler. 

1. House in NEMA 250, Type 1 enclosure. 
2. Wiring shall be numbered and color-coded to match wiring diagram. 
3. Install wiring outside of an enclosure in a metal raceway. 
4. Field power interface shall be to circuit breaker. 
5. Provide branch power circuit to each motor and to controls with a disconnect switch or 

circuit breaker. 
6. Provide each motor with overcurrent protection. 

2.7 CAPACITIES AND CHARACTERISTICS 

A. Heating Medium:  Steam. 

B. Design Pressure Rating:  15 psig. 

2.8 SOURCE QUALITY CONTROL 

A. Test and inspect factory-assembled boilers, before shipping, according to ASME Boiler and 
Pressure Vessel Code. 

B. Burner and Hydrostatic Test:  Factory perform hydrostatic test and adjust burner to eliminate 
excess oxygen, carbon dioxide, oxides of nitrogen emissions, and carbon monoxide in flue gas 
and to achieve combustion efficiency; perform hydrostatic test. 
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PART 3  EXECUTION 

3.1 EXAMINATION 

A. Before boiler installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes 
and locations, and piping and electrical connections to verify actual locations, sizes, and other 
conditions affecting boiler performance, maintenance, and operations. 

1. Final boiler locations indicated on Drawings are approximate.  Determine exact locations 
before roughing-in for piping and electrical connections. 

B. Examine mechanical spaces for suitable conditions where boilers will be installed. 

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

3.2 BOILER INSTALLATION 

A. Install boilers level on concrete base.  Concrete base is specified in Section 23 0500 "Common 
Work Results for HVAC," and concrete materials and installation requirements are specified in 
Division 03. 

B. Vibration Isolation:  Elastomeric isolator pads with a minimum static deflection of 0.25 inch 
(6.35 mm).  Vibration isolation devices and installation requirements are specified in Division 
23 Section 23 0548"Vibration and Seismic Controls for HVAC Piping and Equipment." 

C. Install gas-fired boilers according to NFPA 54. 

D. Assemble and install boiler trim. 

E. Install electrical devices furnished with boiler but not specified to be factory mounted. 

F. Install control wiring to field-mounted electrical devices. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to boiler to allow service and maintenance. 

C. Connect gas piping to boiler gas-train inlet with union.  Piping shall be at least full size of gas 
train connection.  Provide a reducer if required. 

D. Connect steam and condensate piping to supply-, return-, and blowdown-boiler tappings with 
shutoff valve and union or flange at each connection. 

E. Install piping from safety valves to drip-pan elbow and to a safe location outdoors. 

F. Connect breeching full size to boiler outlet.  Comply with requirements in Division 23. 

G. Ground equipment according to Division 26. 

H. Connect wiring according to Division 26. 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

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



WRC Decentralization Phase 3 
IDAS Project # 9279.30 

SH Project # 2142203394 
 

 

 Issued for Bid 
01-11-2024 

Steam Fire-Tube Boilers 
23 5239 - 7  

B. Tests and Inspections: 

1. Factory trained representative shall provide boiler start-up. 
2. Perform installation and startup checks according to manufacturer's written instructions. 
3. Leak Test:  Hydrostatic test.  Repair leaks and retest until no leaks exist. 
4. Operational Test:  Start units to confirm proper motor rotation and unit operation.  Adjust 

air-fuel ratio and combustion. 
5. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment. 

a. Burner Test:  Adjust burner to eliminate excess oxygen, carbon dioxide, oxides of 
nitrogen emissions, and carbon monoxide in flue gas and to achieve combustion 
efficiency. 

b. Check and adjust initial operating set points and high- and low-limit safety set points 
of fuel supply, water level, and steam pressure. 

c. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

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

D. Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, 
provide on-site assistance in adjusting system to suit actual occupied conditions.  Provide up to 
two visits to Project during other than normal occupancy hours for this purpose. 

E. Performance Tests: 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect component assemblies and equipment installations, including connections, and to 
conduct performance testing. 

2. Boilers shall comply with performance requirements indicated, as determined by field 
performance tests.  Adjust, modify, or replace equipment in order to comply. 

3. Perform field performance tests to determine the capacity and efficiency of boilers. 

a. Test for full capacity. 

b. Test for boiler efficiency at low fire, 20, 40, 60, 80, 100, 80, 60, 40 and 20 percent of 
full capacity.  Determine efficiency at each test point. 

4. Repeat tests until results comply with requirements indicated. 
5. Provide analysis equipment required to determine performance. 
6. Provide temporary equipment and system modifications necessary to dissipate the heat 

produced during tests if building systems are not adequate. 
7. Notify Architect in advance of test dates. 
8. Document test results in a report and submit to Architect. 

3.5 TRAINING 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain boilers. 

END OF SECTION 
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SECTION 23 5400  
FURNACES AND CONDENSING UNITS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Forced air furnaces. 

B. Thermostats. 

C. Condensing units. 

D. Evaporator coils. 

1.2 RELATED REQUIREMENTS 

A. Section 23 1123 - Facility Natural-Gas Piping. 

B. Section 23 0513 - Common Motor Requirements for HVAC Equipment:  Additional 
requirements for fan motors. 

C. Section 23 0548 - Vibration and Seismic Controls for HVAC. 

D. Section 23 3113 - Metal Ducts 

1.3 REFERENCE STANDARDS 

A. AHRI 610 (I-P) - Standard for Performance Rating of Central System Humidifiers for 
Residential Applications 2014. 

B. ANSI Z21.47 - American National Standard for Gas-Fired Central Furnaces 2021. 

C. ASHRAE Std 90.1 I-P - Energy Standard for Buildings Except Low-Rise Residential Buildings 
Most Recent Edition Adopted by Authority Having Jurisdiction, Including All Applicable 
Amendments and Supplements. 

D. ASHRAE Std 103 - Method of Testing for Annual Fuel Utilization Efficiency of Residential 
Central Furnaces and Boilers 2022. 

E. NEMA MG 1 - Motors and Generators 2021. 

F. NFPA 54 - National Fuel Gas Code 2021. 

G. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

H. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems 2024. 

I. NFPA 90B - Standard for the Installation of Warm Air Heating and Air-Conditioning Systems 
2021. 

J. NFPA 211 - Standard for Chimneys, Fireplaces, Vents, and Solid Fuel-Burning Appliances 
2019. 

K. UL (DIR) - Online Certifications Directory Current Edition. 

1.4 SUBMITTALS 

A. See Section 01 3300 - Submittal Procedures, for submittal procedures. 
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B. Product Data:  Provide rated capacities, weights, accessories, electrical nameplate data, and 
wiring diagrams. 

C. Shop Drawings:  Indicate assembly, required clearances, and location and size of field 
connections. 

D. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating 
instructions, installation instructions, maintenance and repair data, and parts listing. 

E. Warranty:  Submit manufacturer’s warranty and ensure forms have been filled out in Owner's 
name and registered with manufacturer. 

F. Project Record Documents:  Record actual locations of components and connections. 

G. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project. 

1. See Section 01 6000 - Product Requirements, for additional provisions. 
2. Extra Filters:  One for each furnace. 
3. Extra Pilot Thermocouples:  One. 

1.5 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products 
specified in this section, with minimum three years of documented experience. 

B. All units shall be furnished by the same manufacturer. 

1.6 WARRANTY 

A. See Section 01 7700 - Closeout Procedures, for additional warranty requirements. 

B. Provide three year manufacturer’s warranty for solid state ignition modules. 

C. Provide five year manufacturer’s warranty for heat exchangers and compressors. 

PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. Carrier Corporation. 

B. Trane Inc. 

C. York International Corporation / Johnson Controls. 

D. Amana. 

E. Lennox. 

F. Coleman 

G. JCI Champion 

H. Engineer Pre-Approved Equivalent. 
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2.2 REGULATORY REQUIREMENTS 

A. Comply with NFPA 70. 

B. Products Requiring Electrical Connection:  Listed and classified by UL (DIR) as suitable for the 
purpose specified and indicated. 

2.3 GAS FIRED FURNACES 

A. Annual Fuel Utilization Efficiency (AFUE):  0.95 ("condensing") in accordance with ASHRAE 
Std 103. 

B. Units:  Self-contained, high efficiency, packaged, factory assembled, pre-wired unit consisting 
of cabinet, supply fan, heating element, controls, air filter, humidifier, and accessories; wired 
for single power connection with control transformer. 

1. Safety certified by CSA in accordance with ANSI Z21.47. 
2. Venting System:  Direct. 
3. Combustion:  Sealed. 
4. Air Flow Configuration:  Downflow. 
5. Heating:  Natural gas fired. 
6. Accessories: 

a. Condensate drain. 

b. Concentric wall termination kit. 

c. Acid neutralization kit. 

C. Performance: 

1. As scheduled on Drawings. 
D. Cabinet:  Steel with baked enamel finish, easily removed and secured access doors with safety 

interlock switches, glass fiber insulation with reflective liner. 

E. Primary Heat Exchanger: 

1. Material:  Aluminized steel. 
2. Shape:  Fold-and-crimp sectional design. 

F. Secondary Heat Exchanger: 

1. Material:  Stainless steel. 
G. Gas Burner: 

1. Atmospheric type with adjustable combustion air supply. 
2. Gas valve, two stage provides 100 percent safety gas shut-off; 24 volt combining 

pressure regulation, safety pilot, manual set (On-Off), pilot filtration, automatic electric 
valve. 

3. Electronic pilot ignition, with electric spark igniter. 
4. Combustion air damper with synchronous spring return damper motor. 
5. Non-corrosive combustion air blower with permanently lubricated motor. 
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H. Gas Burner Safety Controls: 

1. Thermocouple sensor:  Prevents opening of gas valve until pilot flame is proven and 
stops gas flow on ignition failure. 

2. Flame rollout switch:  Installed on burner box and prevents operation. 
3. Vent safety shutoff sensor:  Temperature sensor prevents operation, manual reset. 
4. Limit Control:  Fixed stop at maximum permissible setting, de-energizes burner on 

excessive bonnet temperature, automatic resets. 
I. Supply Fan:  Centrifugal type rubber mounted with direct drive with adjustable variable pitch 

motor pulley. 

J. Motor: 

1. 1750 rpm multiple speed, permanently lubricated, hinge mounted. 
2. Refer to Section 23 0513. 

K. Air Filters:  2 inch thick glass fiber, disposable type arranged for easy replacement. 

L. Operating Controls: 

1. Controlled by DDC System.  See section 23 0923 and control drawings and sequences. 

2.4 CONDENSING UNIT AND EVAPORATOR COIL 

A. Condensing units shall have capacity as scheduled on Drawings. Unit shall have rigid welded 
weatherproof casing construction with removable panels for complete access. Minimum 20 
gauge cabinet with attractive finish coat of paint. Provide coil hail and snow protection guards. 

B. Condensing units shall be quiet operating with slow speed condenser fan. Shall be suitable for 
operation down to 30 °F with automatic thermal cutout, automatic reset high and low refrigerant 
pressure switches. Provide unit with timer off control, low ambient controls, and hard start kit. 

C. Compressers shall be hermetic with suction and liquid line service valves, full refrigerant 
charge, internal overload protection, copper tube aluminum fin condenser coil. Provide 
crankcase heater. Compressor shall be served by a five year replacement warranty. 

D. Cooling coils shall be cased A type configuration copper tube aluminum fin leak tested at 
factory. Drip pans shall be galvanized steel coated with waterproof enamel paint or mastic. 

E. Refrigerant lines shall be sized and installed per manufacturer's recommendations. Suction line 
to be insulated. Insulate fittings as required to prevent sweating. 

F. Condensing unit shall meet or exceed efficiency values as scheduled on Drawings. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that substrates are ready for installation of units and openings are as indicated on shop 
drawings. 

B. Verify that proper power supply is available and located correctly. 

C. Verify that proper fuel supply is available for connection. 
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3.2 INSTALLATION 

A. Install in accordance with manufacturer's instructions and requirements of authorities having 
jurisdiction. 

B. Install in accordance with NFPA 90A. 

C. Install gas fired furnaces in accordance with NFPA 54. 

D. Provide vent connections in accordance with NFPA 211. 

E. Mount counterflow furnaces installed on combustible floors on additive base. 

F. Install clean filters at end of construction. 

G. Install furnaces and condensing units on mounting blocks or furnace stands. 

END OF SECTION 
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SECTION 23 8126.13  
SMALL-CAPACITY SPLIT-SYSTEM AIR CONDITIONERS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Air cooled condensing units. 

B. Indoor ductless fan & coil units. 

C. Controls. 

1.2 RELATED REQUIREMENTS 

A. Division 26: Electrical characteristics and wiring connections and installation and wiring of 
thermostats and other controls components. 

1.3 REFERENCE STANDARDS 

A. AHRI 210/240 - Performance Rating of Unitary Air-Conditioning and Air-Source Heat Pump 
Equipment 2023. 

B. AHRI 520 - Performance Rating of Positive Displacement Condensing Units 2004. 

C. ASHRAE Std 15 - Safety Standard for Refrigeration Systems 2022, with Errata (2023). 

D. ASHRAE Std 23.1 - Methods for Performance Testing Positive Displacement Refrigerant 
Compressors and Condensing Units that Operate at Subcritical Pressures of the Refrigerant 
2019. 

E. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems 2024. 

F. NFPA 90B - Standard for the Installation of Warm Air Heating and Air-Conditioning Systems 
2021. 

G. UL 207 - Standard for Refrigerant-Containing Components and Accessories, Nonelectrical 
Current Edition, Including All Revisions. 

1.4 SUBMITTALS 

A. See Section 01 3300 - Submittal Procedures, for submittal procedures. 

B. Product Data:  Provide rated capacities, weights, accessories, electrical nameplate data, and 
wiring diagrams. 

C. Shop Drawings:  Indicate assembly, required clearances, and location and size of field 
connections. 

D. Design Data:  Indicate refrigerant pipe sizing. 

E. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating 
instructions, installation instructions, maintenance and repair data, and parts listing. 

F. Warranty:  Submit manufacturer’s warranty and ensure forms have been filled out in Owner's 
name and registered with manufacturer. 
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1.5 WARRANTY 

A. Provide five year manufacturer’s warranty for condensing units and compressors.  Include 
parts and labor. 

PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. Carrier Corporation:  www.carrier.com/#sle 

B. Trane Inc:  www.trane.com/#sle 

C. York International Corporation / Johnson Controls:  www.york.com/#sle 

D. Mitsubishi 

E. Hitachi 

F. Engineer pre-approved equivalent. 

2.2 SYSTEM DESIGN 

A. Split-System Heating and Cooling Units:  Self-contained, packaged, matched factory-
engineered and assembled, pre-wired indoor and outdoor units; UL listed. 

1. Provide refrigerant lines internal to units and between indoor and outdoor units, factory 
cleaned, dried, pressurized and sealed, with insulated suction line. 

B. Performance Requirements: See Drawings for additional requirements. 

C. Electrical Characteristics: 

1. Disconnect Switch: Factory mount disconnect switch on equipment under provisions of 
Division 26. 

2.3 INDOOR UNITS FOR DUCTLESS SYSTEMS 

A. Indoor Units:  Self-contained, packaged, factory assembled, pre-wired unit consisting of 
cabinet, supply fan, evaporator coil, and controls; wired for single power connection with 
control transformer. 

1. Location:  High-wall. 
2. Cabinet:  Galvanized steel. 

a. Finish:  White. 

3. Fan:  Line-flow fan direct driven by a single motor. 
B. Evaporator Coils:  Copper tube aluminum fin assembly, galvanized or polymer drain pan 

sloped in all directions to drain, drain connection, refrigerant piping connections, restricted 
distributor or thermostatic expansion valve. 

1. Construction and Ratings:  In accordance with AHRI 210/240 and UL 207. 
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2.4 OUTDOOR UNITS 

A. Outdoor Units:  Self-contained, packaged, pre-wired unit consisting of cabinet, with 
compressor and condenser. 

1. Refrigerant:  R-410A. 
2. Cabinet:  Galvanized steel with baked enamel finish, easily removed and secured access 

doors with safety interlock switches, glass fiber insulation with reflective liner. 
3. Construction and Ratings:  In accordance with AHRI 210/240 with testing in accordance 

with ASHRAE Std 23.1 and UL 207. 
B. Compressor:   Hermetic, 3600 rpm, AHRI 520 resiliently mounted integral with condenser, with 

positive lubrication, crankcase heater, high pressure control, motor overload protection, service 
valves and drier.  Provide time delay control to prevent short cycling and rapid speed changes. 

C. Air Cooled Condenser:  Aluminum fin and copper tube coil, AHRI 520 with direct drive axial 
propeller fan resiliently mounted, galvanized fan guard. 

1. Condenser Fans:  Direct-drive propeller type. 
2. Condenser Fan Motor:  Enclosed, 1-phase type, permanently lubricated. 

D. Coil:  Air-cooled, aluminum fins bonded to copper tubes. 

E. Accessories:  Filter drier, high pressure switch (manual reset), low pressure switch (automatic 
reset), service valves and gauge ports, thermometer well (in liquid line). 

1. Provide thermostatic expansion valves. 
F. Operating Controls: 

1. Control by room thermostat to maintain room temperature setting. 
G. Mounting Pad:  Precast concrete parking bumpers, minimum 4 inches square; minimum of two 

located under cabinet feet. 

2.5 ACCESSORY EQUIPMENT 

A. Room Thermostat:  Wall-mounted, electric solid-state microcomputer based room thermostat 
with remote sensor to maintain temperature setting; low-voltage; with following features: 

1. Automatic switching from heating to cooling. 
2. Preferential rate control to minimize overshoot and deviation from setpoint. 
3. Short cycle protection. 
4. Thermostat Display: 

a. Actual room temperature. 

b. Programmed temperature. 

c. System Mode Indication:  Heating, Cooling, Fan Auto, Off, and On, Auto or On, Off. 
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PART 3  EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions and requirements of local authorities 
having jurisdiction. 

B. Install in accordance with NFPA 90A and NFPA 90B. 

C. Install refrigeration systems in accordance with ASHRAE Std 15. 

END OF SECTION 
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SECTION 23 8200  
AIR COILS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Air coils. 

1.2 REFERENCE STANDARDS 

A. AHRI 410 - Forced-Circulation Air-Cooling and Air-Heating Coils 2001, with Addenda (2011). 

B. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible 2020. 

PART 2  PRODUCTS 

2.1 AIR COILS 

A. Manufacturers: 

1. Water Coils: 

a. Aerofin Corporation 

b. Trane, a brand of Ingersoll Rand 

c. USA Coil & Air 

d. Temtrol 

e. Engineer Pre-Approved Equivalent. 

B. Water Coils: 

1. Coils rated and tested in accordance with AHRI 410. 
2. Tubes:  Material to consist of 5/8" diameter, 0.020" thick seamless copper, mechanically 

expanded to fins; appropriate tube joining methods based on tube material. 
3. Fins:  Material to consist of aluminum, continuous plate type with full fin collars. 
4. Casing:  Heavy gage galvanized steel with mounting holes, including intermediate tube 

supports if required by coil design and length. 
5. Headers (Manifolds):  Construct of seamless copper pipe material with tube connection 

appropriate to header material provided. 
6. Acceptable Factory Testing Methods: 

a. Proof test at 1.5 times the maximum operating pressure and leak test at the 
maximum operating temperature. 

b. Leak test at minimum 300 psig air pressure under water. 
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PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that surfaces are suitable for installation. 

B. Verify that field measurements are as shown on the drawings. 

3.2 INSTALLATION 

A. Install in accordance with manufacturer's recommendations. 

B. Air Coils: 

1. Install in ducts and casings in accordance with SMACNA (DCS). 

a. Support coil sections independent of piping on steel channel or double angle frames 
and secure to casing. 

b. Provide frames for maximum of three coil sections. 

c. Arrange supports to avoid piercing drain pans. 

d. Provide airtight seals between coil and casing. 

2. Coil Safeguards: 

a. Protect coils to prevent damage to flanges and fins. 

b. Comb out damaged fins. 

3. Install all coils level. 
4. Make connections to hydronic coils with unions and flanges. 
5. Hydronic Coils: 

a. Connect water supply to leaving air side of coil (counterflow arrangement). 

b. Locate supply water connection on leaving air side at bottom of supply header, and 
return water connection at top. 

c. Provide manual air vents with stop valves at high points. 

1) Install drain connections at low points of installation. 
END OF SECTION 
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SECTION 23 8233  
  CONVECTORS AND FINNED TUBE RADIATION 

PART 1  GENERAL 

1.1 SUMMARY 

A. The extent of the hot water finned tube radiation work is shown on the Drawings and in the 
schedules, and by the requirements of this Section, and is hereby defined to include (but not 
by way of limitation) enclosures, heating elements, and accessories. 

1.2 SUBMITTALS 

A. Submit manufacturer's product data and installation instructions. 

B. Submit color charts of enclosures. 

PART 2  PRODUCTS 

2.1 HOT WATER FINNED TUBE RADIATION 

A. Manufacturers: 

1. Sterling Radiation Division 
2. Trane Company 
3. Vulcan Radiator Company 
4. Modine 
5. Dunham Bush 
6. Jaga Fin Tube 
7. Zehnder Rittling 
8. Engineer Pre-Approved Equivalent 

B. General:  Provide finned tube and enclosure as scheduled on the Drawings. 

C. Heating Elements 

1. Except as otherwise indicated, provide elements of the indicated duty and rated for the 
indicated capacity. 

2. Hot Water Heating Capacity:  Size element for the indicated water flow rate, room heating 
load (Btuh), entering air temperature and entering water temperature. 

3. Provide heating elements consisting of copper tube mechanically expanded into 
aluminum fins. 

D. Enclosures 

1. General:  Provide enclosures as scheduled on the Drawings.  Enclosures shall be braced, 
and reinforced to provide required stiffness, with adjustable heating element supports and 
brackets.  Phosphatize and paint enclosure inside and out with one coat of gray, baked 
on primer.  Include air grilles in the enclosure, die formed with fixed direction 
louvers.  Provide removable front panels.  Fabricate from galvanized steel. 
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2. Accessories:  Provide manufacturer's standard accessories of the following types: 

a. Inside corners, outside corners, end caps, and extensions; of galvanized steel, same 
gauge as enclosure. 

3. Enclosure Finish: Verify with Architect/Engineer. Submit color charts of standard colors. 
4. Enclosure shall extend as required to conceal all piping. 

PART 3  EXECUTION 

3.1 INSTALLATION 

A. General: Except as otherwise indicated, install convectors including components required in 
accordance with manufacturer's instructions. 

B. Locate each unit accurately in the position indicated. 

C. Level or pitch elements to the indicated tolerance.  Install shims as required. 

D. Comb out damaged fins where bent or crushed before covering elements with enclosures. 

E. Clean dust and debris from each unit as it is installed. 

3.2 FIELD QUALITY CONTROL 

A. Repair or replace convectors as required to eliminate leaks, following purging and tightness 
testing of piping, and retest by specified method to demonstrate proper performance. 

B. Replace heating elements which have heavily damaged fins, and replace enclosures and 
accessories which are beyond restoration to an acceptable condition. 

END OF SECTION 
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SECTION 23 8239  
  UNIT HEATERS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Provide materials, equipment, labor, and supervision necessary to install and test complete 
system of hot water unit heaters as required by the Drawings and this Section. 

1.2 QUALIFICATIONS 

A. Acceptable manufacturers are IEC, Daikin, Trane, Modine, Dunham Bush, American Air Filter 
Company, Airtherm, Sigma, Sterling, Zehnder Rittling, Jaga or Engineer Pre-Approved 
Equivalent. 

1.3 SUBMITTALS 

A. Submit performance and product data. 

PART 2 PRODUCTS 

2.1 CABINET UNIT HEATERS 

A. Units shall have capacities and ratings and shall be of arrangement as scheduled on Drawings. 

B. Units shall be furnished complete with coils, enclosures, fans, and motors, as required to make 
complete functioning units. 

C. Units to be installed in finished areas to be furnished with bonderized, phosphatized, flow-
coated baked-on primer with spray applied baked-on enamels in color as selected by 
Architect/Engineer. 

D. Coil shall be copper with aluminum fins mechanically bonded to copper tube 
surface.  Maximum working pressure of 150 psig and test pressure of 225 psig. 

E. Motors shall be of the permanent split capacitor type with totally enclosed, Class 'B' insulation, 
built in overload protection, and prewired to terminal strip in factory mounted junction box. 

F. Controls except the coil control valves and thermostat shall be completely self-contained and 
factory mounted and tested.  Controls shall be as follows: 

1. Manually operated 3-speed fan motor switch. 
2. Piping connections shall be on the side of the unit as indicated on the Drawings. 
3. Electrical connections shall be on the end of the unit opposite the piping connections. 
4. Filters supplied shall be 1" throw-away type. 
5. Hot water cabinet unit heaters shall be selected for water temperature 

scheduled.  Heating elements shall be suitable for forced circulation hot water and tight 
closing throttling balancing fitting, with 1-1/4 in. air chamber to top of cabinet or at least 18 
in. long, with accessible pet cock at high point to ensure complete venting.  Where 
possible, heating elements must be self-venting and must be arranged to drain 
completely. 
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2.2 PROPELLER UNIT HEATERS 

A. Provide propeller unit heater manufacturer’s standard materials and components as indicated 
by published product information, designed and constructed as recommended by the 
manufacturer, and as required for a complete installation. 

B. Heating Coils: 

1. Provide manufacturer’s standard elements of the indicated duty and rated for the 
indicated capacity, consisting of red brass tubes, mechanically expanded into aluminum 
plate fins, rated at 200 psig and lead-tested at 300 psig minimum air pressure. 

2. Heating Capacity:  Size element for the indicated fan speed, cfm, entering air 
temperatures, and heating load (Btuh). 

3. Steam unit heaters shall be selected for the steam pressure scheduled. 
C. Casings: 

1. Provide casings braced and reinforced to provide required stiffness, and containing 
heating element supports.  Provide rounded corners.  Phosphatize and paint casings 
inside and out with one coat of baked-on enamel, zinc plate hardware.  Provide fan orifice 
(venture) in the casing and threaded hanger connections (weld nuts).  Fabricate from 18-
gauge steel. 

D. Air Deflectors:  Provide manufacturer’s standard 4-way finned louver air deflectors. 

E. Motors: 

1. General:  Provide totally enclosed shaded pole or permanent split capacitor motors, Class 
B insulation, resiliently mounted, tap wound with build-in thermal overload protection, 
sleeve bearings or permanently lubricated ball bearings. 

F. Fans: 

1. General:  Provide aluminum propeller fans, balanced statically and dynamically, of the 
indicated capacity.  Provide fans suitable for standard or spark proof application. 

G. Hot water unit heaters shall be selected for water temperature scheduled.  Heating elements 
shall be suitable for forced circulation hot water and tight closing throttling balancing fitting, with 
1-1/4 in. air chamber to top of cabinet or at least 18 in. long with accessible pet cock at high 
point to ensure complete venting.  Where possible, heating elements shall be self-venting and 
shall be arranged to drain completely. 

H. Provide self-contained thermostat mounted near the return air to the unit unless specifically 
noted otherwise in the DDC temperature controls section. 

PART 3 EXECUTION 
3.1 INSTALLATION 

A. Install systems as indicated on Plans and in the Specifications and as recommended by the 
manufacturer. 

B. Install unit heaters as indicated, level.  Anchor cabinet unit heaters to substrate.  Use metallic 
concrete anchors. 

C. Install valves, balancing valves, air vents, control valves, flow meter fittings, unions, strainer, 
and devices at hot water cabinet unit heaters as required for complete installation. 

D. Test and clean the unit heaters. 

END OF SECTION 
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SECTION 23 8413  
  HUMIDIFIERS 

PART 1  GENERAL 

1.1 SUMMARY 

A. This Section includes the following humidifiers: 

1. Steam dispersion. 
2. Electric steam generators. 

1.2 SUBMITTALS 

A. Submit manufacturer's product, performance and installation data. 

1.3 QUALITY ASSURANCE 

A. Standards: 

1. ARI compliance:  Provide air humidification which complies with applicable Air 
Conditioning and Refrigeration Institute standards. 

2. U.L.: Provide electrical humidifiers which are U.L. listed. 

1.4 WARRANTY 

A. Products shall be warranted to be free from defects in materials and fabrication for a period of 
two years after installation or 27 months from ship date. 

PART 2  PRODUCTS 

2.1 MANUFACTURERS: 

A. Steam injection, electric 

1. Humidification units by Armstrong, Carnes, Dri Steem, Neptronic SKE4, or Engineer pre-
approved equivalent.  Capacity, performance and type as scheduled and/or indicated on 
Drawings. 

2.2 STEAM INJECTION HUMIDIFIER TUBES 

A. Humidifiers shall generally consist of a header and multiple tubes with the header outside of 
the duct.  Material shall be 304 stainless steel. 

B. High-efficiency insulated tubes shall be provided. 

C. Duct plate material shall be galvanized steel. 

D. Dristeem Rapidsorb or Engineer pre-approved equivalent. 
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2.3 ELECTRIC HUMIDIFIER 

A. Fabrication requirements:   

1. Tank and heater plate 

a. Tank and heater plate: 14-gauge 304-stainless steel with Heli-arc welded seams 

b. Tank bottom shall be dual sloped with side exit drain port located at bottom of slopes 
to ensure complete draining of tank. 

c. Steam outlet on top of tank configured to connect to hose and pipe (NPT or BSP 
connection) for all sizes, and including flanged pipe connection option on -3 and -4 
stage units. 

d. Quick removable heater plate with weld studs, flange nuts and gasketed flanges 
shall be located at the front of the tank. There shall be no in board flange on tank to 
allow for easy tank cleaning. 

2. For indoor units, the control cabinet, tank, and all components shall be enclosed in a 
vinyl-clad aluminum enclosure that is suitable for finished spaces. 

3. Units shall be capable of fitting through a 36” (91 mm) wide door. 
B. Immersion heater(s): Heater(s) shall be Incoloy alloy-sheathed resistance type designed for no 

more than 91 watts per square inch. Two threaded ends of each heater element shall pass 
through the heater plate at the front of the evaporating chamber and be secured and sealed 
with Thermoseal synthetic gaskets, safety washers, and threaded nuts. 

C. Mounting: Humidifier shall be mounted on a wall using lag bolts 

D. Water type, fill, and drain requirements:   

1. The humidifier shall be capable of generating steam from well, tap, softened, DI or RO 
water. 

2. The humidifier shall not require changes to controls or components in the field due to 
changes in water type. 

3. The humidifier shall sense water purity and automatically adjust drain rates accordingly to 
minimize tank maintenance and optimize water usage. 

4. Fill line plumbing shall include anti-siphoning mechanisms that prevent tank siphoning 
and potential inlet water contamination.   

5. Humidifier shall incorporate a water surface skimming feature to drain away water surface 
debris and contaminants to minimize tank cleaning maintenance and risk of foaming.   

6. An electric full port ball valve shall be mounted on humidifier assembly to allow tank to 
drain automatically at the end of a humidification season. 

a. Provide complete tank draining with no standing water. 

b. Minimum 5 gpm flow rate for fast draining. 

c. The system shall monitor drain water temperature with temperature viewable on the 
unit’s display. 
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7. Integral water tempering control shall meter cold water at the drain in order to temper 
212°F (100°C) water to a maximum 140°F (60°C) discharge temperature at full drain rate 
to sanitary system during normal operation. 

a. Drain water tempering shall employ closed loop feedback using the drain 
temperature sensor to automatically control the drain and fill valves.  Drain water 
temperature shall not exceed 140 °F (60 °C) while system shall minimize (cold) water 
usage by not excessively tempering. 

b. Minimize drain and refill time by sensing when water is no longer draining (tank 
empty) to quickly initialize refilling of tank and subsequent re-start of humidification. 

E. Control subpanel: Control subpanel shall be factory-attached to humidifier with all wiring 
between subpanel and humidifier completed at factory. A wiring diagram shall be included. 

1. Controller shall provide fully modulating control of humidifier capacity using solid state 
replay (SSR) control. This regulation will modulate from 0% to 100% of maximum 
capacity. 

2. Water level control: 

a. Automatic refill, low water cutoff, surface skimming and automatic drain-down of 
humidifier. System shall consist of: 

b. A water level sensing unit comprised of three metallic probes mounted in probe 
head. Probe head shall incorporate probe isolation chamber to eliminate fouling 
caused by mineral coatings. 

c. Fill valve assemblies factory mounted on the humidifier assembly. 

d. End-of-season drain automatically drains humidifier tank after a user-defined period 
of system inactivity. 

3. Over-temperature fuse: A factory-mounted and wired UL-listed limit control fuse, 
operating independently of the tank temperature sensor, shall sense an over-temperature 
condition and de-energize heater circuit controls. 

4. Alarms (alerts), unit configuration, and usage timer values shall remain in nonvolatile 
memory indefinitely during a power outage. 

5. Interoperability using BACnet MS/TP or BACnet IP. 

PART 3  EXECUTION 

3.1 INSTALLATION 

A. Install air humidification equipment where shown, in accordance with equipment 
manufacturer's written instructions, and with recognized industry practices, to ensure that 
humidification equipment comply with requirements and serve intended purposes. 

B. Clean dirt and debris from air humidification equipment upon completion of installation. 

C. Steam humidifier: 

1. Fasten humidifier dispersion manifold tubes which are over 12" in length to supporting 
structures every 12". 
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D. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 

E. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors 
and Cables." 

 

3.2 FIELD QUALITY CONTROL 

A. Upon completion of installation and prior to initial operation test and demonstrate that air 
humidification equipment is leak tight. 

B. Repair or replace air humidification equipment as required to eliminate leaks, and retest as 
specified to demonstrate compliance. 

C. Cap (seal) ends of air humidification equipment connections when not connected to piping. 

3.3 START-UP 

A. Provide factory start-up and operator training of the humidification system. 

END OF SECTION 
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SECTION 26 0500  
  COMMON WORK RESULTS FOR ELECTRICAL 

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. See Division 01 for 
submittal procedures, quality requirements, alterations of work, and closeout requirements. 

1.2 SUMMARY 

A. Section Includes: 

1. Electrical equipment coordination and installation. 
2. Sleeves for raceways and cables. 
3. Sleeve seals. 
4. Grout. 

1.3 DEFINITIONS 

A. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

B. NBR:  Acrylonitrile-butadiene rubber. 

1.4 COORDINATION 

A. Coordinate arrangement, mounting, and support of electrical equipment: 

1. To allow maximum possible headroom unless specific mounting heights that reduce 
headroom are indicated. 

2. So connecting raceways, cables, wireways, cable trays, and busways will be clear of 
obstructions and of the working and access space of other equipment. 

B. Coordinate installation of required supporting devices and set sleeves in cast-in-place 
concrete, masonry walls, and other structural components as they are constructed. 

PART 2  PRODUCTS 

2.1 SLEEVES FOR RACEWAYS AND CABLES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 
ends. 

B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, 
with plain ends and integral waterstop, unless otherwise indicated. 

C. Sleeves for Rectangular Openings:  Galvanized sheet steel. 

1. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no 
side more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm). 
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b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches (1270 
mm) and 1 or more sides equal to, or more than, 16 inches (400 mm), thickness shall 
be 0.138 inch (3.5 mm). 

2.2 SLEEVE SEALS 

A. Description:  Modular sealing device, designed for field assembly, to fill annular space between 
sleeve and raceway or cable. 

1. Sealing Elements:  EPDM or NBR interlocking links shaped to fit surface of cable or 
conduit.  Include type and number required for material and size of raceway or cable. 

2. Pressure Plates:  Carbon steel.  Include two for each sealing element. 
3. Connecting Bolts and Nuts:  Carbon steel with corrosion-resistant coating of length 

required to secure pressure plates to sealing elements.  Include one for each sealing 
element. 

2.3 GROUT 

A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic 
aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for 
application and a 30-minute working time. 

PART 3  EXECUTION 

3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION 

A. Comply with NECA 1. 

B. Comply with applicable provisions of Occupational Safety and Health Act (OSHA), NFPA 
Standards and Pamphlets, NEIS Standards, and common workplace practice. 

C. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, 
arrange and install components and equipment to provide maximum possible headroom 
consistent with these requirements. 

D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components 
of both electrical equipment and other nearby installations.  Connect in such a way as to 
facilitate future disconnecting with minimum interference with other items in the vicinity. 

3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways 
penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies. 

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed 
openings are used.  Install sleeves during erection of slabs and walls. 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies 
unless openings compatible with firestop system used are fabricated during construction of 
floor or wall. 

E. Cut sleeves to length for mounting flush with both surfaces of walls. 
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F. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and 
raceway or cable, unless indicated otherwise. 

H. Seal space outside of sleeves with grout for penetrations of concrete and masonry 

1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed 
surfaces smooth; protect grout while curing. 

I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve 
and raceway or cable, using joint sealant appropriate for size, depth, and location of 
joint.  Comply with requirements in Division 07 Section "Joint Sealants.". 

J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at raceway and cable penetrations.  Install sleeves and seal raceway and cable 
penetration sleeves with firestop materials.  Comply with requirements in Division 07 Section 
"Firestopping." 

K. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible 
boot-type flashing units applied in coordination with roofing work. 

L. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using cast-iron pipe sleeves and 
mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space 
between pipe and sleeve for installing mechanical sleeve seals. 

M. Underground, Exterior-Wall Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow 
for 1-inch (25-mm) annular clear space between raceway or cable and sleeve for installing 
mechanical sleeve seals. 

3.3 SLEEVE-SEAL INSTALLATION 

A. Install to seal exterior wall penetrations. 

B. Use type and number of sealing elements recommended by manufacturer for raceway or cable 
material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve 
seals and install in annular space between raceway or cable and sleeve.  Tighten bolts against 
pressure plates that cause sealing elements to expand and make watertight seal. 

3.4 FIRESTOPPING 

A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical 
installations to restore original fire-resistance rating of assembly.  Firestopping materials and 
installation requirements are specified in Division 07 Section "Penetration Firestopping." 

END OF SECTION 
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SECTION 26 0505  
SELECTIVE DEMOLITION FOR ELECTRICAL 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Electrical demolition. 

PART 2  PRODUCTS 

2.1 MATERIALS AND EQUIPMENT 

A. Materials and equipment for patching and extending work:  As specified in individual sections. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that abandoned wiring and equipment serve only abandoned facilities. 

B. Demolition drawings are based on casual field observation and existing record documents. 

C. Report discrepancies to Architect/Engineer before disturbing existing installation. 

D. Beginning of demolition means installer accepts existing conditions. 

3.2 PREPARATION 

A. Disconnect electrical systems in walls, floors, and ceilings to be removed. 

B. Coordinate utility service outages with utility company. 

C. Provide temporary wiring and connections to maintain existing systems in service during 
construction.  When work must be performed on energized equipment or circuits, use 
personnel experienced in such operations. 

D. Existing Electrical Service:  Maintain existing system in service until new system is complete 
and ready for service.  Disable system only to make switchovers and connections.  Minimize 
outage duration. 

1. Obtain permission from Owner at least 72 hours before partially or completely disabling 
system. 

2. Make temporary connections to maintain service in areas adjacent to work area. 

3.3 DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WORK 

A. Perform work for removal and disposal of equipment and materials containing toxic substances 
regulated under the Federal Toxic Substances Control Act (TSCA) in accordance with 
applicable federal, and state regulations. Applicable equipment and materials include, but are 
not limited to: 

1. PCB-containing electrical equipment, including transformers, capacitors, and switches. 
2. PCB- and DEHP-containing lighting ballasts. 
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3. Mercury-containing lamps and tubes, including fluorescent lamps, high intensity discharge 
(HID), arc lamps, ultra-violet, high pressure sodium, mercury vapor, ignitron tubes, neon, 
and incandescent. 

B. Remove, relocate, and extend existing installations to accommodate new construction. 

C. Remove abandoned wiring to source of supply. 

D. Remove exposed abandoned conduit, including abandoned conduit above accessible ceiling 
finishes.  Cut conduit flush with walls and floors, and patch surfaces. 

E. Disconnect abandoned outlets and remove devices.  Remove abandoned outlets if conduit 
servicing them is abandoned and removed.  Provide blank cover for abandoned outlets that 
are not removed. 

F. Disconnect and remove electrical devices and equipment serving utilization equipment that has 
been removed. 

G. Disconnect and remove abandoned luminaires.  Remove brackets, stems, hangers, and other 
accessories. 

H. Repair adjacent construction and finishes damaged during demolition and extension work. 

I. Maintain access to existing electrical installations that remain active.  Modify installation or 
provide access panel as appropriate. 

J. Extend existing installations using materials and methods compatible with existing electrical 
installations, or as specified. 

3.4 CLEANING AND REPAIR 

A. Clean and repair existing materials and equipment that remain or that are to be reused. 

B. Panelboards:  Clean exposed surfaces and check tightness of electrical connections.  Replace 
damaged circuit breakers and provide closure plates for vacant positions.  Provide typed circuit 
directory showing revised circuiting arrangement. 

END OF SECTION 
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SECTION 26 0519  
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Single conductor building wire. 

B. Wiring connectors. 

C. Electrical tape. 

D. Wire pulling lubricant. 

E. Cable ties. 

1.2 RELATED REQUIREMENTS 

A. Section 07 8400 - Firestopping. 

B. Section 26 0526 - Grounding and Bonding for Electrical Systems:  Additional requirements for 
grounding conductors and grounding connectors. 

C. Section 26 0553 - Identification for Electrical Systems:  Identification products and 
requirements. 

1.3 REFERENCE STANDARDS 

A. ASTM B3 - Standard Specification for Soft or Annealed Copper Wire 2013 (Reapproved 2018). 

B. ASTM B8 - Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, 
Medium-Hard, or Soft 2011 (Reapproved 2017). 

C. ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for Electrical 
Purposes 2010, with Editorial Revision (2020). 

D. ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-Stranded Copper 
Conductors for Subsequent Insulation 2004 (Reapproved 2020). 

E. ASTM D3005 - Standard Specification for Low-Temperature Resistant Vinyl Chloride Plastic 
Pressure-Sensitive Electrical Insulating Tape 2017. 

F. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

G. NECA 120 - Standard for Installing Armored Cable (AC) and Type Metal-Clad (MC) Cable 
2018. 

H. NEMA WC 70 - Power Cables Rated 2000 Volts or Less for the Distribution of Electrical 
Energy 2021. 

I. NETA ATS - Standard For Acceptance Testing Specifications For Electrical Power Equipment 
And Systems 2021. 

J. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

K. UL 44 - Thermoset-Insulated Wires and Cables Current Edition, Including All Revisions. 

L. UL 83 - Thermoplastic-Insulated Wires and Cables Current Edition, Including All Revisions. 

M. UL 486A-486B - Wire Connectors Current Edition, Including All Revisions. 
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N. UL 486C - Splicing Wire Connectors Current Edition, Including All Revisions. 

O. UL 486D - Sealed Wire Connector Systems Current Edition, Including All Revisions. 

P. UL 510 - Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape Current Edition, 
Including All Revisions. 

Q. UL 1569 - Metal-Clad Cables Current Edition, Including All Revisions. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Coordinate sizes of raceways, boxes, and equipment enclosures installed under other 
sections with the actual conductors to be installed, including adjustments for conductor 
sizes increased for voltage drop. 

2. Coordinate with electrical equipment installed under other sections to provide 
terminations suitable for use with the conductors to be installed. 

3. Notify Architect/Engineer of any conflicts with or deviations from the contract documents. 
Obtain direction before proceeding with work. 

1.5 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store conductors and cables in accordance with manufacturer's 
instructions. 

1.7 FIELD CONDITIONS 

A. Do not install or otherwise handle thermoplastic-insulated conductors at temperatures lower 
than 14 degrees F, unless otherwise permitted by manufacturer's instructions. When 
installation below this temperature is unavoidable, notify Architect/Engineer and obtain 
direction before proceeding with work. 

PART 2  PRODUCTS 

2.1 CONDUCTOR AND CABLE APPLICATIONS 

A. Do not use conductors and cables for applications other than as permitted by NFPA 70 and 
product listing. 
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B. Provide single conductor building wire installed in suitable raceway unless otherwise indicated, 
permitted, or required. 

1. Exceptions: 

a. Use manufactured wiring systems for branch circuits where concealed above 
accessible ceilings for lighting. 

1) Exception:  Provide single conductor building wire in raceway for circuit 
homerun from distribution box to panelboard. 

C. Nonmetallic-sheathed cable is not permitted. 

D. Underground feeder and branch-circuit cable is not permitted. 

E. Metal-clad cable is permitted only as follows: 

1. Where not otherwise restricted, may be used: 

a. Where concealed above accessible ceilings for final connections from junction boxes 
to luminaires. 

b. Where concealed in hollow stud walls, above accessible ceilings, and under raised 
floors for branch circuits up to 20 A. 

1) Exception:  Provide single conductor building wire in raceway for circuit 
homerun from first outlet to panelboard. 

2. In addition to other applicable restrictions, may not be used: 

a. Where exposed to damage. 

b. For damp, wet, or corrosive locations, unless provided with a PVC jacket listed as 
suitable for those locations. 

c. For isolated ground circuits, unless provided with an additional isolated/insulated 
grounding conductor. 

2.2 CONDUCTOR AND CABLE GENERAL REQUIREMENTS 

A. Provide products that comply with requirements of NFPA 70. 

B. Provide products listed, classified, and labeled as suitable for the purpose intended. 

C. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring, 
connectors, etc. as required for a complete operating system. 

D. Comply with NEMA WC 70. 

E. Thermoplastic-Insulated Conductors and Cables:  Listed and labeled as complying with UL 83. 

F. Thermoset-Insulated Conductors and Cables:  Listed and labeled as complying with UL 44. 

G. Conductors for Grounding and Bonding:  Also comply with Section 26 0526. 

H. Conductor Material: 

1. Provide copper conductors except where aluminum conductors are specifically indicated 
or permitted for substitution. Conductor sizes indicated are based on copper unless 
specifically indicated as aluminum. Conductors designated with the abbreviation "AL" 
indicate aluminum. 
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a. Substitution of aluminum conductors for copper is permitted, when approved by 
Owner and authority having jurisdiction, only for the following: 

1) Services:  Copper conductors size 1/0 AWG and larger. 
2) Feeders:  Copper conductors size 1/0 AWG and larger. 

2. Copper Conductors:  Soft drawn annealed, 98 percent conductivity, uncoated copper 
conductors complying with ASTM B3, ASTM B8, or ASTM B787/B787M unless otherwise 
indicated. 

3. Tinned Copper Conductors:  Comply with ASTM B33. 
I. Minimum Conductor Size: 

1. Branch Circuits:  12 AWG. 
J. Where conductor size is not indicated, size to comply with NFPA 70 but not less than 

applicable minimum size requirements specified. 

K. Conductor Color Coding: 

1. Color code conductors as indicated unless otherwise required by the authority having 
jurisdiction. Maintain consistent color coding throughout project. 

2. Color Coding Method:  Integrally colored insulation. 

a. Conductors size 4 AWG and larger may have black insulation color coded using vinyl 
color coding electrical tape. 

3. Color Code: 

a. 480Y/277 V, 3 Phase, 4 Wire System: 

1) Phase A:  Brown. 
2) Phase B:  Orange. 
3) Phase C:  Yellow. 
4) Neutral/Grounded:  Gray. 

b. 208Y/120 V, 3 Phase, 4 Wire System: 

1) Phase A:  Black. 
2) Phase B:  Red. 
3) Phase C:  Blue. 
4) Neutral/Grounded:  White. 

c. Equipment Ground, All Systems:  Green. 

2.3 SINGLE CONDUCTOR BUILDING WIRE 

A. Manufacturers: 

1. Copper Building Wire: 

a. Encore Wire Corporation:  www.encorewire.com/#sle. 

b. General Cable Technologies Corporation:  www.generalcable.com/#sle. 

c. Nexans Energy USA 
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d. The Okonite Company 

e. Prysmian Power Cables and Systems:  www.us.prysmian.com 

f. Southwire Company:  www.southwire.com/#sle. 

g. Or Engineer pre-approved equivalent. 

B. Description:  Single conductor insulated wire. 

C. Conductor Stranding: 

1. Feeders and Branch Circuits: 

a. Size 10 AWG and Smaller:  Solid. 

b. Size 8 AWG and Larger:  Stranded. 

D. Insulation Voltage Rating:  600 V. 

E. Insulation: 

1. Copper Building Wire:  Type THHN/THWN-2, except as indicated below. 

2.4 METAL-CLAD CABLE 

A. Description:  NFPA 70, Type MC cable listed and labeled as complying with UL 1569, and 
listed for use in classified firestop systems to be used. 

B. Conductor Stranding: 

1. Size 10 AWG and Smaller:  Solid. 
2. Size 8 AWG and Larger:  Stranded. 

C. Insulation Voltage Rating:  600 V. 

D. Insulation:  Type THHN, THHN/THWN, or THHN/THWN-2. 

E. Grounding:  Full-size integral equipment grounding conductor. 

F. Armor:  Steel, interlocked tape. 

G. Provide PVC jacket applied over cable armor where indicated or required for environment of 
installed location. 

2.5 WIRING CONNECTORS 

A. Description:  Wiring connectors appropriate for the application, suitable for use with the 
conductors to be connected, and listed as complying with UL 486A-486B or UL 486C as 
applicable. 

B. Connectors for Grounding and Bonding:  Comply with Section 26 0526. 

C. Wiring Connectors for Splices and Taps: 

1. Copper Conductors Size 8 AWG and Smaller:  Use twist-on insulated spring connectors. 
2. Copper Conductors Size 6 AWG and Larger:  Use mechanical connectors or compression 

connectors. 
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D. Wiring Connectors for Terminations: 

1. Provide terminal lugs for connecting conductors to equipment furnished with terminations 
designed for terminal lugs. 

2. Provide compression adapters for connecting conductors to equipment furnished with 
mechanical lugs when only compression connectors are specified. 

3. Where over-sized conductors are larger than the equipment terminations can 
accommodate, provide connectors suitable for reducing to appropriate size, but not less 
than required for the rating of the overcurrent protective device. 

4. Copper Conductors Size 8 AWG and Larger:  Use mechanical connectors or compression 
connectors where connectors are required. 

E. Twist-on Insulated Spring Connectors:  Rated 600 V, 221 degrees F for standard applications 
and 302 degrees F for high temperature applications; pre-filled with sealant and listed as 
complying with UL 486D for damp and wet locations. 

F. Mechanical Connectors:  Provide bolted type or set-screw type. 

G. Compression Connectors:  Provide circumferential type or hex type crimp configuration. 

H. Crimped Terminals:  Nylon-insulated, with insulation grip and terminal configuration suitable for 
connection to be made. 

2.6 WIRING ACCESSORIES 

A. Electrical Tape: 

1. Vinyl Color Coding Electrical Tape:  Integrally colored to match color code indicated; 
listed as complying with UL 510; minimum thickness of 7 mil; resistant to abrasion, 
corrosion, and sunlight; suitable for continuous temperature environment up to 221 
degrees F. 

2. Vinyl Insulating Electrical Tape:  Complying with ASTM D3005 and listed as complying 
with UL 510; minimum thickness of 7 mil; resistant to abrasion, corrosion, and sunlight; 
conformable for application down to 0 degrees F and suitable for continuous temperature 
environment up to 221 degrees F. 

B. Wire Pulling Lubricant:  Listed; suitable for use with the conductors or cables to be installed 
and suitable for use at the installation temperature. 

C. Cable Ties:  Material and tensile strength rating suitable for application. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that interior of building has been protected from weather. 

B. Verify that work likely to damage wire and cable has been completed. 

C. Verify that raceways, boxes, and equipment enclosures are installed and are properly sized to 
accommodate conductors and cables in accordance with NFPA 70. 

D. Verify that field measurements are as indicated. 

E. Verify that conditions are satisfactory for installation prior to starting work. 
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3.2 PREPARATION 

A. Clean raceways thoroughly to remove foreign materials before installing conductors and 
cables. 

3.3 INSTALLATION 

A. Circuiting Requirements: 

1. Unless dimensioned, circuit routing indicated is diagrammatic. 
2. When circuit destination is indicated without specific routing, determine exact routing 

required. 
3. Include circuit lengths required to install connected devices within 10 ft of location 

indicated. 
4. Maintain separation of Class 1, Class 2, and Class 3 remote-control, signaling, and 

power-limited circuits in accordance with NFPA 70. 
5. Maintain separation of wiring for emergency systems in accordance with NFPA 70. 
6. Circuiting Adjustments:  Unless otherwise indicated, when branch circuits are indicated as 

separate, combining them together in a single raceway is permitted, under the following 
conditions: 

a. Provide no more than six current-carrying conductors in a single raceway. Dedicated 
neutral conductors are considered current-carrying conductors. 

b. Increase size of conductors as required to account for ampacity derating. 

c. Size raceways, boxes, etc. to accommodate conductors. 

7. Common Neutrals:  Unless otherwise indicated, sharing of neutral/grounded conductors 
among up to three single phase branch circuits of different phases installed in the same 
raceway is not permitted. Provide dedicated neutral/grounded conductor for each 
individual branch circuit. 

B. Install products in accordance with manufacturer's instructions. 

C. Perform work in accordance with NECA 1 (general workmanship). 

D. Install metal-clad cable (Type MC) in accordance with NECA 120. 

E. Installation in Raceway: 

1. Tape ends of conductors and cables to prevent infiltration of moisture and other 
contaminants. 

2. Pull all conductors and cables together into raceway at same time. 
3. Do not damage conductors and cables or exceed manufacturer's recommended 

maximum pulling tension and sidewall pressure. 
4. Use suitable wire pulling lubricant where necessary, except when lubricant is not 

recommended by the manufacturer. 
F. Paralleled Conductors:  Install conductors of the same length and terminate in the same 

manner. 
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G. Secure and support conductors and cables in accordance with NFPA 70 using suitable 
supports and methods approved by the authority having jurisdiction. Provide independent 
support from building structure. Do not provide support from raceways, piping, ductwork, or 
other systems. 

1. Installation Above Suspended Ceilings:  Do not provide support from ceiling support 
system. Do not provide support from ceiling grid or allow conductors and cables to lay on 
ceiling tiles. 

H. Terminate cables using suitable fittings. 

1. Metal-Clad Cable (Type MC): 

a. Use listed fittings. 

b. Cut cable armor only using specialized tools to prevent damaging conductors or 
insulation. Do not use hacksaw or wire cutters to cut armor. 

I. Install conductors with a minimum of 12 inches of slack at each outlet. 

J. Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment 
enclosures. 

K. Group or otherwise identify neutral/grounded conductors with associated ungrounded 
conductors inside enclosures in accordance with NFPA 70. 

L. Make wiring connections using specified wiring connectors. 

1. Make splices and taps only in accessible boxes. Do not pull splices into raceways or 
make splices in conduit bodies or wiring gutters. 

2. Remove appropriate amount of conductor insulation for making connections without 
cutting, nicking or damaging conductors. 

3. Do not remove conductor strands to facilitate insertion into connector. 
4. Clean contact surfaces on conductors and connectors to suitable remove corrosion, 

oxides, and other contaminates. Do not use wire brush on plated connector surfaces. 
5. Mechanical Connectors:  Secure connections according to manufacturer's recommended 

torque settings. 
6. Compression Connectors:  Secure connections using manufacturer's recommended tools 

and dies. 
M. Insulate splices and taps that are made with uninsulated connectors using methods suitable for 

the application, with insulation and mechanical strength at least equivalent to unspliced 
conductors. 

N. Insulate ends of spare conductors using vinyl insulating electrical tape. 

O. Field-Applied Color Coding:  Where vinyl color coding electrical tape is used in lieu of integrally 
colored insulation as permitted in Part 2 under "Color Coding", apply half overlapping turns of 
tape at each termination and at each location conductors are accessible. 

P. Install firestopping to preserve fire resistance rating of partitions and other elements, using 
materials and methods specified in Section 07 8400. 

Q. Unless specifically indicated to be excluded, provide final connections to all equipment and 
devices, including those furnished by others, as required for a complete operating system. 
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3.4 FIELD QUALITY CONTROL 

A. See Section 01 4000 - Quality Requirements, for additional requirements. 

B. Inspect and test in accordance with NETA ATS, except Section 4. 

C. Perform inspections and tests listed in NETA ATS, Section 7.3.2. The insulation resistance test 
is required for all conductors. The resistance test for parallel conductors listed as optional is 
not required. 

D. Correct deficiencies and replace damaged or defective conductors and cables. 

END OF SECTION 
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SECTION 26 0526  
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Grounding and bonding requirements. 

B. Conductors for grounding and bonding. 

C. Connectors for grounding and bonding. 

D. Ground bars. 

1.2 RELATED REQUIREMENTS 

A. Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables:  Additional 
requirements for conductors for grounding and bonding, including conductor color coding. 

B. Section 26 0553 - Identification for Electrical Systems:  Identification products and 
requirements. 

1.3 REFERENCE STANDARDS 

A. IEEE 81 - IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface 
Potentials of a Grounding System 2012. 

B. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

C. NETA ATS - Standard for Acceptance Testing Specifications for Electrical Power Equipment 
and Systems 2021. 

D. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

E. UL 467 - Grounding and Bonding Equipment Current Edition, Including All Revisions. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Verify exact locations of underground metal water service pipe entrances to building. 
2. Coordinate the work with other trades to provide steel reinforcement complying with 

specified requirements for concrete-encased electrode. 
3. Notify Architect/Engineer of any conflicts with or deviations from the contract documents. 

Obtain direction before proceeding with work. 
B. Sequencing: 

1. Do not install ground rod electrodes until final backfill and compaction is complete. 

1.5 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 
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C. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions. 

PART 2  PRODUCTS 

2.1 GROUNDING AND BONDING REQUIREMENTS 

A. Do not use products for applications other than as permitted by NFPA 70 and product listing. 

B. Unless specifically indicated to be excluded, provide all required components, conductors, 
connectors, conduit, boxes, fittings, supports, accessories, etc. as necessary for a complete 
grounding and bonding system. 

C. Where conductor size is not indicated, size to comply with NFPA 70 but not less than 
applicable minimum size requirements specified. 

D. Separately Derived System Grounding: 

1. Separately derived systems include, but are not limited to: 

a. Transformers (except autotransformers such as buck-boost transformers). 

2. Provide grounding electrode conductor to connect derived system grounded conductor to 
nearest effectively grounded metal building frame. Unless otherwise indicated, make 
connection at neutral (grounded) bus in source enclosure. 

3. Provide bonding jumper to connect derived system grounded conductor to nearest metal 
building frame and nearest metal water piping in the area served by the derived system, 
where not already used as a grounding electrode for the derived system. Make 
connection at same location as grounding electrode conductor connection. 

4. Provide system bonding jumper to connect system grounded conductor to equipment 
ground bus. Make connection at same location as grounding electrode conductor 
connection. Do not make any other connections between neutral (grounded) conductors 
and ground on load side of separately derived system disconnect. 

5. Where the source and first disconnecting means are in separate enclosures, provide 
supply-side bonding jumper between source and first disconnecting means. 

E. Bonding and Equipment Grounding: 

1. Provide bonding for equipment grounding conductors, equipment ground busses, metallic 
equipment enclosures, metallic raceways and boxes, device grounding terminals, and 
other normally non-current-carrying conductive materials enclosing electrical 
conductors/equipment or likely to become energized as indicated and in accordance with 
NFPA 70. 

2. Provide insulated equipment grounding conductor in each feeder and branch circuit 
raceway. Do not use raceways as sole equipment grounding conductor. 

3. Where circuit conductor sizes are increased for voltage drop, increase size of equipment 
grounding conductor proportionally in accordance with NFPA 70. 



WRC Decentralization Phase 3 
IDAS Project # 9279.30

SH Project # 2142203394 

 

 Issued for Bid 
01-11-2024 

Grounding and Bonding for 
Electrical Systems

26 0526 - 3  

4. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit 
equipment grounding conductor and to outlet box with bonding jumper. 

5. Terminate branch circuit equipment grounding conductors on solidly bonded equipment 
ground bus only. Do not terminate on neutral (grounded) or isolated/insulated ground bus. 

6. Provide bonding jumper across expansion or expansion/deflection fittings provided to 
accommodate conduit movement. 

7. Provide bonding for interior metal piping systems in accordance with NFPA 70. This 
includes, but is not limited to: 

a. Metal water piping where not already effectively bonded to metal underground water 
pipe used as grounding electrode. 

8. Provide bonding for interior metal air ducts. 
9. Provide bonding for metal building frame. 

F. Communications Systems Grounding and Bonding: 

1. Provide intersystem bonding termination at service equipment or metering equipment 
enclosure and at disconnecting means for any additional buildings or structures in 
accordance with NFPA 70. 

2. Provide bonding jumper in raceway from intersystem bonding termination to each 
communications room or backboard and provide ground bar for termination. 

a. Bonding Jumper Size:  6 AWG, unless otherwise indicated or required. 

b. Raceway Size:  3/4 inch trade size unless otherwise indicated or required. 

c. Ground Bar Size:  1/4 by 2 by 12 inches unless otherwise indicated or required. 

d. Ground Bar Mounting Height:  18 inches above finished floor unless otherwise 
indicated. 

2.2 GROUNDING AND BONDING COMPONENTS 

A. General Requirements: 

1. Provide products listed, classified, and labeled as suitable for the purpose intended. 
2. Provide products listed and labeled as complying with UL 467 where applicable. 

B. Conductors for Grounding and Bonding, in Addition to Requirements of Section 26 0526: 

1. Use insulated copper conductors unless otherwise indicated. 

a. Exceptions: 

1) Use bare copper conductors where installed underground in direct contact with 
earth. 

2) Use bare copper conductors where directly encased in concrete (not in 
raceway). 

C. Connectors for Grounding and Bonding: 

1. Description:  Connectors appropriate for the application and suitable for the conductors 
and items to be connected; listed and labeled as complying with UL 467. 
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2. Unless otherwise indicated, use exothermic welded connections or compression 
connectors for underground, concealed and other inaccessible connections. 

a. Exceptions: 

1) Use mechanical connectors for connections to electrodes at ground access 
wells. 

3. Unless otherwise indicated, use mechanical connectors, compression connectors, or 
exothermic welded connections for accessible connections. 

a. Exceptions: 

1) Use exothermic welded connections for connections to metal building frame. 
D. Ground Bars: 

1. Description:  Copper rectangular ground bars with mounting brackets and insulators. 
2. Size:  12X4 unless otherwise indicated or required. 
3. Holes for Connections:  As indicated or as required for connections to be made. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that work likely to damage grounding and bonding system components has been 
completed. 

B. Verify that field measurements are as indicated. 

C. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Perform work in accordance with NECA 1 (general workmanship). 

C. Make grounding and bonding connections using specified connectors. 

1. Remove appropriate amount of conductor insulation for making connections without 
cutting, nicking or damaging conductors. Do not remove conductor strands to facilitate 
insertion into connector. 

2. Remove nonconductive paint, enamel, or similar coating at threads, contact points, and 
contact surfaces. 

3. Exothermic Welds:  Make connections using molds and weld material suitable for the 
items to be connected in accordance with manufacturer's recommendations. 

4. Mechanical Connectors:  Secure connections according to manufacturer's recommended 
torque settings. 

5. Compression Connectors:  Secure connections using manufacturer's recommended tools 
and dies. 

D. Identify grounding and bonding system components in accordance with Section 26 0553. 
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3.3 FIELD QUALITY CONTROL 

A. Inspect and test in accordance with NETA ATS except Section 4. 

B. Perform inspections and tests listed in NETA ATS, Section 7.13. 

C. Perform ground electrode resistance tests under normally dry conditions. Precipitation within 
the previous 48 hours does not constitute normally dry conditions. 

D. Investigate and correct deficiencies where measured ground resistances do not comply with 
specified requirements. 

E. Submit detailed reports indicating inspection and testing results and corrective actions taken. 

END OF SECTION 
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SECTION 26 0529  
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Support and attachment requirements and components for equipment, conduit, cable, boxes, 
and other electrical work. 

1.2 RELATED REQUIREMENTS 

A. Section 26 0533.13 - Conduit for Electrical Systems:  Additional support and attachment 
requirements for conduits. 

B. Section 26 0533.16 - Boxes for Electrical Systems:  Additional support and attachment 
requirements for boxes. 

C. Section 26 5100 - Interior Lighting:  Additional support and attachment requirements for interior 
luminaires. 

1.3 REFERENCE STANDARDS 

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron 
and Steel Products 2017. 

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel 
Hardware 2023. 

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel 
2023. 

D. MFMA-4 - Metal Framing Standards Publication 2004. 

E. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

F. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

G. UL 5B - Strut-Type Channel Raceways and Fittings Current Edition, Including All Revisions. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Coordinate sizes and arrangement of supports and bases with the actual equipment and 
components to be installed. 

2. Coordinate the work with other trades to provide additional framing and materials required 
for installation. 

3. Coordinate compatibility of support and attachment components with mounting surfaces 
at the installed locations. 

4. Coordinate the arrangement of supports with ductwork, piping, equipment and other 
potential conflicts installed under other sections or by others. 

5. Notify Architect/Engineer of any conflicts with or deviations from the contract documents. 
Obtain direction before proceeding with work. 
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1.5 QUALITY ASSURANCE 

A. Comply with NFPA 70. 

B. Comply with applicable building code. 

C. Design equipment supports capable of supporting combined operating weight of supported 
equipment and connected systems and components. 

D. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads 
calculated or imposed for this Project, with a minimum structural safety factor of four times the 
applied force. 

E. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

F. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural 
Welding Code - Steel." 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions. 

PART 2  PRODUCTS 

2.1 SUPPORT AND ATTACHMENT COMPONENTS 

A. General Requirements: 

1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and 
hardware as necessary for the complete installation of electrical work. 

2. Provide products listed, classified, and labeled as suitable for the purpose intended, 
where applicable. 

3. Where support and attachment component types and sizes are not indicated, select in 
accordance with manufacturer's application criteria as required for the load to be 
supported with a minimum safety factor of 2.5. Include consideration for vibration, 
equipment operation, and shock loads where applicable. 

4. Do not use products for applications other than as permitted by NFPA 70 and product 
listing. 

5. Steel Components:  Use corrosion resistant materials suitable for the environment where 
installed. 

a. Indoor Dry Locations:  Use zinc-plated steel or approved equivalent unless otherwise 
indicated. 

b. Outdoor and Damp or Wet Indoor Locations:  Use galvanized steel, stainless steel, 
or approved equivalent unless otherwise indicated. 

c. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633. 

d. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM 
A123/A123M or ASTM A153/A153M. 



WRC Decentralization Phase 3 
IDAS Project # 9279.30

SH Project # 2142203394 

 

 Issued for Bid 
01-11-2024 

Hangers and Supports for 
Electrical Systems

26 0529 - 3  

B. Conduit and Cable Supports:  Straps, clamps, etc. suitable for the conduit or cable to be 
supported. 

1. Conduit Straps:  One-hole or two-hole type; steel or malleable iron. 
2. Conduit Clamps:  Bolted type unless otherwise indicated. 

C. Raceway and Cable Supports: As described in NECA 1 and NECA 101. 

D. Outlet Box Supports:  Hangers, brackets, etc. suitable for the boxes to be supported. 

E. Metal Channel (Strut) Framing Systems:  Factory-fabricated continuous-slot metal channel 
(strut) and associated fittings, accessories, and hardware required for field-assembly of 
supports. 

1. Comply with MFMA-4. 
2. Channel (Strut) Used as Raceway (only where specifically indicated):  Listed and labeled 

as complying with UL 5B. 
3. Minimum Channel Thickness:  Steel sheet, 12 gage, 0.1046 inch. 
4. Minimum Channel Dimensions:  1-5/8 inch width by 13/16 inch height. 

F. Hanger Rods:  Threaded zinc-plated steel unless otherwise indicated. 

1. Minimum Size, Unless Otherwise Indicated or Required: 

a. Equipment Supports:  1/2 inch diameter. 

b. Busway Supports:  1/2 inch diameter. 

c. Single Conduit up to 1 inch (27 mm) trade size:  1/4 inch diameter. 

d. Single Conduit larger than 1 inch (27 mm) trade size:  3/8 inch diameter. 

e. Trapeze Support for Multiple Conduits:  3/8 inch diameter. 

f. Outlet Boxes:  1/4 inch diameter. 

g. Luminaires:  1/4 inch diameter. 

G. Non-Penetrating Rooftop Supports for Low-Slope Roofs:  Steel pedestals with thermoplastic or 
rubber bases that rest on top of roofing membrane, not requiring any attachment to the roof 
structure and not penetrating the roofing assembly, with support fixtures as specified. 

1. Base Sizes:  As required to distribute load sufficiently to prevent indentation of roofing 
assembly. 

2. Attachment/Support Fixtures:  As recommended by manufacturer, same type as indicated 
for equivalent indoor hangers and supports. 

3. Mounting Height:  Provide minimum clearance of 6 inches under supported component to 
top of roofing. 

H. Anchors and Fasteners: 

1. Unless otherwise indicated and where not otherwise restricted, use the anchor and 
fastener types indicated for the specified applications. 

2. Concrete:  Use preset concrete inserts, expansion anchors, or screw anchors. 
3. Solid or Grout-Filled Masonry:  Use expansion anchors or screw anchors. 
4. Hollow Masonry:  Use toggle bolts. 
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5. Hollow Stud Walls:  Use toggle bolts. 
6. Steel:  Use beam clamps, machine bolts, or welded threaded studs. 
7. Sheet Metal:  Use sheet metal screws. 
8. Wood:  Use wood screws. 
9. Plastic and lead anchors are not permitted. 
10. Powder-actuated fasteners are not permitted. 
11. Preset Concrete Inserts:  Continuous metal channel (strut) and spot inserts specifically 

designed to be cast in concrete ceilings, walls, and floors. 

a. Comply with MFMA-4. 

b. Channel Material:  Use galvanized steel. 

c. Manufacturer:  Same as manufacturer of metal channel (strut) framing system. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that field measurements are as indicated. 

B. Verify that mounting surfaces are ready to receive support and attachment components. 

C. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Perform work in accordance with NECA 1 (general workmanship). 

C. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES) 
evaluation report conditions of use where applicable. 

D. Provide independent support from building structure. Do not provide support from piping, 
ductwork, or other systems. 

E. Install support and attachment components for steel conduits in accordance with NECA 101 

F. Unless specifically indicated or approved by Architect/Engineer, do not provide support from 
suspended ceiling support system or ceiling grid. 

G. Unless specifically indicated or approved by Architect/Engineer, do not provide support from 
roof deck. 

H. Do not penetrate or otherwise notch or cut structural members without approval of Structural 
Engineer. 

I. Equipment Support and Attachment: 

1. Use metal fabricated supports or supports assembled from metal channel (strut) to 
support equipment as required. 

2. Use metal channel (strut) secured to studs to support equipment surface-mounted on 
hollow stud walls when wall strength is not sufficient to resist pull-out. 
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3. Use metal channel (strut) to support surface-mounted equipment in wet or damp locations 
to provide space between equipment and mounting surface. 

4. Securely fasten floor-mounted equipment. Do not install equipment such that it relies on 
its own weight for support. 

J. Conduit Support and Attachment:  Also comply with Section 26 0533.13. 

K. Box Support and Attachment:  Also comply with Section 26 0533.16. 

L. Interior Luminaire Support and Attachment:  Also comply with Section 26 5100. 

M. Preset Concrete Inserts:  Use manufacturer provided closure strips to inhibit concrete seepage 
during concrete pour. 

N. Secure fasteners according to manufacturer's recommended torque settings. 

O. Remove temporary supports. 

P. Identify independent electrical component support wires above accessible ceilings (only where 
specifically indicated or permitted) with color distinguishable from ceiling support wires in 
accordance with NFPA 70. 

Q. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and 
fasten electrical items and their supports to building structural elements by the following 
methods unless otherwise indicated by code: 

1. To Wood:  Fasten with lag screws or through bolts. 
2. To New Concrete:  Bolt to concrete inserts. 
3. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor 

fasteners on solid masonry units. 
4. To Existing Concrete:  Expansion anchor fasteners. 
5. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69. 
6. To Light Steel:  Sheet metal screws. 
7. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, 
transformers, and other devices on slotted-channel racks attached to substrate by means 
that meet anchorage requirements. 

3.3 FIELD QUALITY CONTROL 

A. Inspect support and attachment components for damage and defects. 

B. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by 
manufacturer. Replace components that exhibit signs of corrosion. 

C. Correct deficiencies and replace damaged or defective support and attachment components. 

END OF SECTION 
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SECTION 26 0533.13  
CONDUIT FOR ELECTRICAL SYSTEMS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Galvanized steel rigid metal conduit (RMC). 

B. Intermediate metal conduit (IMC). 

C. Flexible metal conduit (FMC). 

D. Liquidtight flexible metal conduit (LFMC). 

E. Electrical metallic tubing (EMT). 

F. Rigid polyvinyl chloride (PVC) conduit. 

G. Conduit fittings. 

H. Accessories. 

1.2 RELATED REQUIREMENTS 

A. Section 07 8400 - Firestopping. 

B. Section 26 0526 - Grounding and Bonding for Electrical Systems. 

1. Includes additional requirements for fittings for grounding and bonding. 
C. Section 26 0529 - Hangers and Supports for Electrical Systems. 

D. Section 26 0553 - Identification for Electrical Systems:  Identification products and 
requirements. 

1.3 REFERENCE STANDARDS 

A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC) 2020. 

B. ANSI C80.3 - American National Standard for Electrical Metallic Tubing -- Steel (EMT-S) 2020. 

C. ANSI C80.6 - American National Standard for Electrical Intermediate Metal Conduit 2018. 

D. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

E. NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT) 2020. 

F. NECA 111 - Standard for Installing Nonmetallic Raceways (RNC, ENT, LFNC) 2017. 

G. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic 
Tubing, and Cable 2014. 

H. NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Conduit 2020. 

I. NEMA TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tubing 
2021. 

J. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

K. UL 1 - Flexible Metal Conduit Current Edition, Including All Revisions. 

L. UL 6 - Electrical Rigid Metal Conduit-Steel Current Edition, Including All Revisions. 
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M. UL 360 - Liquid-Tight Flexible Metal Conduit Current Edition, Including All Revisions. 

N. UL 514B - Conduit, Tubing, and Cable Fittings Current Edition, Including All Revisions. 

O. UL 651 - Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings Current Edition, 
Including All Revisions. 

P. UL 797 - Electrical Metallic Tubing-Steel Current Edition, Including All Revisions. 

Q. UL 1242 - Electrical Intermediate Metal Conduit-Steel Current Edition, Including All Revisions. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Coordinate minimum sizes of conduits with the actual conductors to be installed, including 
adjustments for conductor sizes increased for voltage drop. 

2. Coordinate the arrangement of conduits with structural members, ductwork, piping, 
equipment and other potential conflicts installed under other sections or by others. 

3. Verify exact conduit termination locations required for boxes, enclosures, and equipment 
installed under other sections or by others. 

4. Coordinate the work with other trades to provide roof penetrations that preserve the 
integrity of the roofing system and do not void the roof warranty. 

5. Notify Architect/Engineer of any conflicts with or deviations from the contract documents. 
Obtain direction before proceeding with work. 

B. Sequencing: 

1. Do not begin installation of conductors and cables until installation of conduit is complete 
between outlet, junction and splicing points. 

1.5 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store conduit and fittings in accordance with manufacturer's 
instructions. 

PART 2  PRODUCTS 

2.1 CONDUIT APPLICATIONS 

A. Do not use conduit and associated fittings for applications other than as permitted by NFPA 70 
and product listing. 

B. Unless otherwise indicated and where not otherwise restricted, use the conduit types indicated 
for the specified applications. Where more than one listed application applies, comply with the 
most restrictive requirements. Where conduit type for a particular application is not specified, 
use galvanized steel rigid metal conduit. 
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C. Underground: 

1. Under Slab on Grade:  Use galvanized steel rigid metal conduit, intermediate metal 
conduit (IMC), or rigid PVC conduit. 

2. Exterior, Direct-Buried:  Use galvanized steel rigid metal conduit, intermediate metallic 
conduit (IMC), or rigid PVC conduit. 

3. Exterior, Embedded Within Concrete:  Use galvanized steel rigid metal conduit, 
intermediate metallic conduit (IMC), or rigid PVC conduit. 

4. Where rigid polyvinyl (PVC) conduit is provided, transition to galvanized steel rigid metal 
conduit where emerging from underground. 

5. Where steel conduit is installed in direct contact with earth where soil has a resistivity of 
less than 2000 ohm-centimeters or is characterized as severely corrosive based on soils 
report or local experience, use corrosion protection tape to provide supplementary 
corrosion protection or use PVC-coated galvanized steel rigid metal conduit. 

6. Where steel conduit emerges from concrete into soil, use corrosion protection tape to 
provide supplementary corrosion protection for a minimum of 4 inches on either side of 
where conduit emerges or use PVC-coated galvanized steel rigid metal conduit. 

D. Embedded Within Concrete: 

1. Within Slab on Grade:  Not permitted. 
2. Within Slab Above Ground:  Not permitted. 

E. Concealed Within Masonry Walls:  Use galvanized steel rigid metal conduit, intermediate metal 
conduit (IMC), or electrical metallic tubing (EMT). 

F. Concealed Within Hollow Stud Walls:  Use galvanized steel rigid metal conduit, intermediate 
metal conduit (IMC), or electrical metallic tubing (EMT). 

G. Concealed Above Accessible Ceilings:  Use galvanized steel rigid metal conduit, intermediate 
metal conduit (IMC), or electrical metallic tubing (EMT). 

H. Interior, Damp or Wet Locations:  Use galvanized steel rigid metal conduit. 

I. Exposed, Interior, Not Subject to Physical Damage:  Use galvanized steel rigid metal conduit, 
intermediate metal conduit (IMC), or electrical metallic tubing (EMT). 

J. Exposed, Interior, Subject to Physical Damage:  Use galvanized steel rigid metal conduit or 
intermediate metal conduit (IMC). 

1. Locations subject to physical damage include, but are not limited to: 

a. Where exposed below 8 feet, except within electrical and communication rooms or 
closets. 

K. Concealed, Exterior, Not Embedded in Concrete or in Contact With Earth:  Use galvanized 
steel rigid metal conduit or intermediate metal conduit (IMC). 

L. Connections to Luminaires Above Accessible Ceilings:  Use flexible metal conduit. 

1. Maximum Length:  6 feet. 
M. Connections to Vibrating Equipment: 

1. Dry Locations:  Use flexible metal conduit. 
2. Damp, Wet, or Corrosive Locations:  Use liquidtight flexible metal conduit. 
3. Maximum Length:  6 feet unless otherwise indicated. 
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4. Vibrating equipment includes, but is not limited to: 

a. Transformers. 

b. Motors. 

N. Fished in Existing Walls, Where Necessary:  Use flexible metal conduit. 

2.2 CONDUIT REQUIREMENTS 

A. Existing Work:  Where existing conduits are indicated to be reused, they may be reused only 
where they comply with specified requirements, are free from corrosion, and integrity is verified 
by pulling a mandrel through them. 

B. Fittings for Grounding and Bonding:  Also comply with Section 26 0526. 

C. Provide all conduit, fittings, supports, and accessories required for a complete raceway 
system. 

D. Provide products listed, classified, and labeled as suitable for the purpose intended. 

E. Minimum Conduit Size, Unless Otherwise Indicated: 

1. Branch Circuits:  3/4 inch (21 mm) trade size. 
2. Branch Circuit Homeruns:  3/4 inch (21 mm) trade size. 

F. Where conduit size is not indicated, size to comply with NFPA 70 but not less than applicable 
minimum size requirements specified. 

2.3 GALVANIZED STEEL RIGID METAL CONDUIT (RMC) 

A. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit complying with ANSI 
C80.1 and listed and labeled as complying with UL 6. 

B. Fittings: 

1. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled 
as complying with UL 514B. 

2. Material:  Use steel or malleable iron. 
3. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw and 

compression (gland) type fittings are not permitted. 

2.4 INTERMEDIATE METAL CONDUIT (IMC) 

A. Description:  NFPA 70, Type IMC galvanized steel intermediate metal conduit complying with 
ANSI C80.6 and listed and labeled as complying with UL 1242. 

B. Fittings: 

1. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled 
as complying with UL 514B. 

2. Material:  Use steel or malleable iron. 
3. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw and 

compression (gland) type fittings are not permitted. 
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2.5 FLEXIBLE METAL CONDUIT (FMC) 

A. Description:  NFPA 70, Type FMC standard wall steel flexible metal conduit listed and labeled 
as complying with UL 1, and listed for use in classified firestop systems to be used. 

B. Fittings: 

1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with 
UL 514B. 

2. Material:  Use steel or malleable iron. 

2.6 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC) 

A. Description:  NFPA 70, Type LFMC polyvinyl chloride (PVC) jacketed steel flexible metal 
conduit listed and labeled as complying with UL 360. 

B. Fittings: 

1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with 
UL 514B. 

2. Material:  Use steel or malleable iron. 

2.7 ELECTRICAL METALLIC TUBING (EMT) 

A. Description:  NFPA 70, Type EMT steel electrical metallic tubing complying with ANSI C80.3 
and listed and labeled as complying with UL 797. 

B. Fittings: 

1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with 
UL 514B. 

2. Material:  Use steel. 
3. Connectors and Couplings:  Use compression (gland) type. 

a. Do not use indenter type connectors and couplings. 

b. Do not use set-screw type connectors and couplings. 

4. Damp or Wet Locations (where permitted):  Use fittings listed for use in wet locations. 
5. Embedded Within Concrete (where permitted):  Use fittings listed as concrete-tight. 

Fittings that require taping to be concrete-tight are not acceptable. 

2.8 RIGID POLYVINYL CHLORIDE (PVC) CONDUIT 

A. Description:  NFPA 70, Type PVC rigid polyvinyl chloride conduit complying with NEMA TC 2 
and listed and labeled as complying with UL 651; Schedule 40 unless otherwise indicated, 
Schedule 80 where subject to physical damage; rated for use with conductors rated 90 
degrees C. 

B. Fittings: 

1. Manufacturer:  Same as manufacturer of conduit to be connected. 
2. Description:  Fittings complying with NEMA TC 3 and listed and labeled as complying with 

UL 651; material to match conduit. 
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2.9 ACCESSORIES 

A. Conduit Joint Compound:  Corrosion-resistant, electrically conductive; suitable for use with the 
conduit to be installed. 

B. Solvent Cement for PVC Conduit and Fittings:  As recommended by manufacturer of conduit 
and fittings to be installed. 

C. Pull Strings: Use nylon cord with average breaking strength of not less than 200 pound-force. 

D. Sealing Compound for Sealing Fittings:  Listed for use with the particular fittings to be installed. 

E. Modular Seals for Conduit Penetrations:  Rated for minimum of 40 psig; Suitable for the 
conduits to be installed. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that field measurements are as indicated. 

B. Verify that mounting surfaces are ready to receive conduits. 

C. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Perform work in accordance with NECA 1 (general workmanship). 

C. Install galvanized steel rigid metal conduit (RMC) in accordance with NECA 101. 

D. Install intermediate metal conduit (IMC) in accordance with NECA 101. 

E. Install rigid polyvinyl chloride (PVC) conduit in accordance with NECA 111. 

F. Conduit Routing: 

1. Unless dimensioned, conduit routing indicated is diagrammatic. 
2. When conduit destination is indicated without specific routing, determine exact routing 

required. 
3. Conceal all conduits unless specifically indicated to be exposed. 
4. Conduits in the following areas may be exposed, unless otherwise indicated: 

a. Electrical rooms. 

b. Mechanical equipment rooms. 

c. Within joists in areas with no ceiling. 

5. Unless otherwise approved, do not route conduits exposed: 

a. Across floors. 

b. Across roofs. 

c. Across top of parapet walls. 

d. Across building exterior surfaces. 
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6. Conduits installed underground or embedded in concrete may be routed in the shortest 
possible manner unless otherwise indicated. Route all other conduits parallel or 
perpendicular to building structure and surfaces, following surface contours where 
practical. 

7. Arrange conduit to maintain adequate headroom, clearances, and access. 
8. Arrange conduit to provide no more than the equivalent of four 90 degree bends between 

pull points. 
9. Arrange conduit to provide no more than 150 feet between pull points. 
10. Route conduits above water and drain piping where possible. 
11. Arrange conduit to prevent moisture traps. Provide drain fittings at low points and at 

sealing fittings where moisture may collect. 
12. Maintain minimum clearance of 6 inches between conduits and piping for other systems. 
13. Maintain minimum clearance of 12 inches between conduits and hot surfaces. This 

includes, but is not limited to: 

a. Heaters. 

b. Hot water piping. 

c. Flues. 

14. Group parallel conduits in the same area together on a common rack. 
G. Conduit Support: 

1. Secure and support conduits in accordance with NFPA 70 and Section 26 0529 using 
suitable supports and methods approved by the authority having jurisdiction. 

2. Provide independent support from building structure. Do not provide support from piping, 
ductwork, or other systems. 

3. Installation Above Suspended Ceilings:  Do not provide support from ceiling support 
system. Do not provide support from ceiling grid or allow conduits to lay on ceiling tiles. 

4. Use metal channel (strut) with accessory conduit clamps to support multiple parallel 
surface-mounted conduits. 

5. Use conduit clamp to support single conduit from beam clamp or threaded rod. 
6. Use trapeze hangers assembled from threaded rods and metal channel (strut) with 

accessory conduit clamps to support multiple parallel suspended conduits. 
7. Use of wire for support of conduits is not permitted. 
8. Where conduit support intervals specified in NFPA 70 and NECA standards differ, comply 

with the most stringent requirements. 
H. Connections and Terminations: 

1. Use approved zinc-rich paint or conduit joint compound on field-cut threads of galvanized 
steel conduits prior to making connections. 

2. Where two threaded conduits must be joined and neither can be rotated, use three-piece 
couplings or split couplings. Do not use running threads. 

3. Use suitable adapters where required to transition from one type of conduit to another. 
4. Provide drip loops for liquidtight flexible conduit connections to prevent drainage of liquid 

into connectors. 
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5. Terminate threaded conduits in boxes and enclosures using threaded hubs or double lock 
nuts for dry locations and raintight hubs for wet locations. 

6. Where spare conduits stub up through concrete floors and are not terminated in a box or 
enclosure, provide threaded couplings equipped with threaded plugs set flush with 
finished floor. 

7. Provide insulating bushings or insulated throats at all conduit terminations to protect 
conductors. 

8. Secure joints and connections to provide maximum mechanical strength and electrical 
continuity. 

I. Penetrations: 

1. Do not penetrate or otherwise notch or cut structural members, including footings and 
grade beams, without approval of Structural Engineer. 

2. Make penetrations perpendicular to surfaces unless otherwise indicated. 
3. Provide sleeves for penetrations as indicated or as required to facilitate installation. Set 

sleeves flush with exposed surfaces unless otherwise indicated or required. 
4. Conceal bends for conduit risers emerging above ground. 
5. Seal interior of conduits entering the building from underground at first accessible point to 

prevent entry of moisture and gases. 
6. Provide suitable modular seal where conduits penetrate exterior wall below grade. 
7. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of 

membrane. 
8. Make penetrations for roof-mounted equipment within associated equipment openings 

and curbs where possible to minimize roofing system penetrations. Where penetrations 
are necessary, seal as indicated or as required to preserve integrity of roofing system and 
maintain roof warranty. Include proposed locations of penetrations and methods for 
sealing with submittals. 

9. Install firestopping to preserve fire resistance rating of partitions and other elements, 
using materials and methods specified in Section 07 8400. 

J. Underground Installation: 

1. Minimum Cover, Unless Otherwise Indicated or Required: 

a. Underground, Exterior:  24 inches. 

b. Under Slab on Grade:  12 inches to bottom of slab. 

2. Provide underground warning tape in accordance with Section 26 0553 along entire 
conduit length for service entrance where not concrete-encased. 

K. Conduit Movement Provisions:  Where conduits are subject to movement, provide expansion 
and expansion/deflection fittings to prevent damage to enclosed conductors or connected 
equipment. This includes, but is not limited to: 

1. Where conduits cross structural joints intended for expansion, contraction, or deflection. 
2. Where calculated in accordance with NFPA 70 for rigid polyvinyl chloride (PVC) conduit 

installed above ground to compensate for thermal expansion and contraction. 
3. Where conduits are subject to earth movement by settlement or frost. 
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L. Condensation Prevention:  Where conduits cross barriers between areas of potential 
substantial temperature differential, provide sealing fitting or approved sealing compound at an 
accessible point near the penetration to prevent condensation. This includes, but is not limited 
to: 

1. Where conduits pass from outdoors into conditioned interior spaces. 
2. Where conduits pass from unconditioned interior spaces into conditioned interior spaces. 

M. Provide pull string in all empty conduits and in conduits where conductors and cables are to be 
installed by others. Leave minimum slack of 12 inches at each end. 

N. Provide grounding and bonding in accordance with Section 26 0526. 

O. Identify conduits in accordance with Section 26 0553. 

3.3 FIELD QUALITY CONTROL 

A. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by 
manufacturer. Replace components that exhibit signs of corrosion. 

B. Correct deficiencies and replace damaged or defective conduits. 

3.4 CLEANING 

A. Clean interior of conduits to remove moisture and foreign matter. 

3.5 PROTECTION 

A. Immediately after installation of conduit, use suitable manufactured plugs to provide protection 
from entry of moisture and foreign material and do not remove until ready for installation of 
conductors. 

END OF SECTION 
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SECTION 26 0533.16  
BOXES FOR ELECTRICAL SYSTEMS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Outlet and device boxes up to 100 cubic inches, including those used as junction and pull 
boxes. 

B. Cabinets and enclosures, including junction and pull boxes larger than 100 cubic inches. 

1.2 RELATED REQUIREMENTS 

A. Section 26 0529 - Hangers and Supports for Electrical Systems. 

B. Section 26 0553 - Identification for Electrical Systems:  Identification products and 
requirements. 

C. Section 26 2726 - Wiring Devices: 

1. Wall plates. 
2. Additional requirements for locating boxes for wiring devices. 

1.3 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

B. NECA 130 - Standard for Installing and Maintaining Wiring Devices 2016. 

C. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic 
Tubing, and Cable 2014. 

D. NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports 2013 
(Reaffirmed 2020). 

E. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum) 2020. 

F. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

G. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations Current 
Edition, Including All Revisions. 

H. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations Current Edition, 
Including All Revisions. 

I. UL 508A - Industrial Control Panels Current Edition, Including All Revisions. 

J. UL 514A - Metallic Outlet Boxes Current Edition, Including All Revisions. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment, 
or other potential obstructions within the dedicated equipment spaces and working 
clearances for electrical equipment required by NFPA 70. 
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2. Coordinate arrangement of electrical equipment with the dimensions and clearance 
requirements of the actual equipment to be installed. 

3. Coordinate minimum sizes of boxes with the actual installed arrangement of conductors, 
clamps, support fittings, and devices, calculated according to NFPA 70. 

4. Coordinate minimum sizes of pull boxes with the actual installed arrangement of 
connected conduits, calculated according to NFPA 70. 

5. Coordinate the placement of boxes with millwork, furniture, devices, equipment, etc. 
installed under other sections or by others. 

6. Coordinate the work with other trades to preserve insulation integrity. 
7. Coordinate the work with other trades to provide walls suitable for installation of flush-

mounted boxes where indicated. 
8. Notify Architect/Engineer of any conflicts with or deviations from the contract documents. 

Obtain direction before proceeding with work. 

1.5 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions. 

PART 2  PRODUCTS 

2.1 BOXES 

A. General Requirements: 

1. Do not use boxes and associated accessories for applications other than as permitted by 
NFPA 70 and product listing. 

2. Provide all boxes, fittings, supports, and accessories required for a complete raceway 
system and to accommodate devices and equipment to be installed. 

3. Provide products listed, classified, and labeled as suitable for the purpose intended. 
4. Where box size is not indicated, size to comply with NFPA 70 but not less than applicable 

minimum size requirements specified. 
5. Provide grounding terminals within boxes where equipment grounding conductors 

terminate. 
B. Outlet and Device Boxes Up to 100 cubic inches, Including Those Used as Junction and Pull 

Boxes: 

1. Use sheet-steel boxes for dry locations unless otherwise indicated or required. 



WRC Decentralization Phase 3 
IDAS Project # 9279.30

SH Project # 2142203394 

 

 Issued for Bid 
01-11-2024 

Boxes for Electrical Systems
26 0533.16 - 3  

2. Use cast iron boxes or cast aluminum boxes for damp or wet locations unless otherwise 
indicated or required; furnish with compatible weatherproof gasketed covers. 

3. Use suitable concrete type boxes where flush-mounted in concrete. 
4. Use suitable masonry type boxes where flush-mounted in masonry walls. 
5. Use raised covers suitable for the type of wall construction and device configuration 

where required. 
6. Use shallow boxes where required by the type of wall construction. 
7. Do not use "through-wall" boxes designed for access from both sides of wall. 
8. Sheet-Steel Boxes:  Comply with NEMA OS 1, and list and label as complying with UL 

514A. 
9. Cast Metal Boxes:  Comply with NEMA FB 1, and list and label as complying with UL 

514A; furnish with threaded hubs. 
10. Boxes for Supporting Luminaires and Ceiling Fans:  Listed as suitable for the type and 

weight of load to be supported; furnished with fixture stud to accommodate mounting of 
luminaire where required. 

11. Boxes for Ganged Devices:  Use multigang boxes of single-piece construction. Do not 
use field-connected gangable boxes unless specifically indicated or permitted. 

12. Wall Plates:  Comply with Section 26 2726. 
C. Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic inches: 

1. Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E, or UL 
508A. 

2. NEMA 250 Environment Type, Unless Otherwise Indicated: 

a. Indoor Clean, Dry Locations:  Type 1, galvanized steel. 

3. Junction and Pull Boxes Larger Than 100 cubic inches: 

a. Provide screw-cover or hinged-cover enclosures unless otherwise indicated. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that mounting surfaces are ready to receive boxes. 

B. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Install boxes in accordance with NECA 1 (general workmanship) and, where applicable, NECA 
130, including mounting heights specified in those standards where mounting heights are not 
indicated. 

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's 
instructions and NFPA 70. 

D. Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems. 
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E. Flush-mount boxes in finished areas unless specifically indicated to be surface-mounted. 

F. Unless otherwise indicated, boxes may be surface-mounted where exposed conduits are 
indicated or permitted. 

G. Box Locations: 

1. Unless dimensioned, box locations indicated are approximate. 
2. Locate boxes as required for devices installed under other sections or by others. 

a. Switches, Receptacles, and Other Wiring Devices:  Comply with Section 26 2726. 

3. Locate boxes so that wall plates do not span different building finishes. 
4. Locate boxes so that wall plates do not cross masonry joints. 
5. Unless otherwise indicated, where multiple outlet boxes are installed at the same location 

at different mounting heights, install along a common vertical center line. 
6. Do not install flush-mounted boxes on opposite sides of walls back-to-back. Provide 

minimum 6 inches horizontal separation unless otherwise indicated. 
7. Acoustic-Rated Walls:  Do not install flush-mounted boxes on opposite sides of walls 

back-to-back; provide minimum 24 inches horizontal separation. 
8. Fire Resistance Rated Walls:  Install flush-mounted boxes such that the required fire 

resistance will not be reduced. 

a. Do not install flush-mounted boxes on opposite sides of walls back-to-back; provide 
minimum 24 inches separation where wall is constructed with individual 
noncommunicating stud cavities or protect both boxes with listed putty pads. 

b. Do not install flush-mounted boxes with area larger than 16 square inches or such 
that the total aggregate area of openings exceeds 100 square inches for any 100 
square feet of wall area. 

9. Locate junction and pull boxes in the following areas, unless otherwise indicated or 
approved by the Architect: 

a. Concealed above accessible suspended ceilings. 

b. Within joists in areas with no ceiling. 

c. Electrical rooms. 

d. Mechanical equipment rooms. 

H. Box Supports: 

1. Secure and support boxes in accordance with NFPA 70 and Section 26 0529 using 
suitable supports and methods approved by the authority having jurisdiction. 

2. Provide independent support from building structure except for cast metal boxes (other 
than boxes used for fixture support) supported by threaded conduit connections in 
accordance with NFPA 70. Do not provide support from piping, ductwork, or other 
systems. 

3. Installation Above Suspended Ceilings:  Do not provide support from ceiling grid or ceiling 
support system. 

I. Install boxes plumb and level. 
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J. Flush-Mounted Boxes: 

1. Install boxes in noncombustible materials such as concrete, tile, gypsum, plaster, etc. so 
that front edge of box or associated raised cover is not set back from finished surface 
more than 1/4 inch or does not project beyond finished surface. 

2. Install boxes in combustible materials such as wood so that front edge of box or 
associated raised cover is flush with finished surface. 

3. Repair rough openings around boxes in noncombustible materials such as concrete, tile, 
gypsum, plaster, etc. so that there are no gaps or open spaces greater than 1/8 inch at 
the edge of the box. 

K. Install boxes as required to preserve insulation integrity. 

L. Install permanent barrier between ganged wiring devices when voltage between adjacent 
devices exceeds 300 V. 

M. Install firestopping to preserve fire resistance rating of partitions and other elements, using 
materials and methods specified in Section 07 8400. 

N. Close unused box openings. 

O. Install blank wall plates on junction boxes and on outlet boxes with no devices or equipment 
installed or designated for future use. 

P. Provide grounding and bonding in accordance with Section 26 0526. 

Q. Identify boxes in accordance with Section 26 0553. 

3.3 CLEANING 

A. Clean interior of boxes to remove dirt, debris, plaster and other foreign material. 

3.4 PROTECTION 

A. Immediately after installation, protect boxes from entry of moisture and foreign material until 
ready for installation of conductors. 

END OF SECTION 
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SECTION 26 0553  
IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Electrical identification requirements. 

B. Identification nameplates and labels. 

C. Wire and cable markers. 

D. Voltage markers. 

E. Underground warning tape. 

F. Warning signs and labels. 

1.2 RELATED REQUIREMENTS 

A. Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables:  Color coding for 
power conductors and cables 600 V and less; vinyl color coding electrical tape. 

1.3 REFERENCE STANDARDS 

A. ANSI Z535.2 - American National Standard for Environmental and Facility Safety Signs 2011 
(Reaffirmed 2017). 

B. ANSI Z535.4 - American National Standard for Product Safety Signs and Labels 2011 
(Reaffirmed 2017). 

C. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

D. NFPA 70E - Standard for Electrical Safety in the Workplace 2024. 

E. UL 969 - Marking and Labeling Systems Current Edition, Including All Revisions. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Verify final designations for equipment, systems, and components to be identified prior to 
fabrication of identification products. 

B. Sequencing: 

1. Do not conceal items to be identified, in locations such as above suspended ceilings, until 
identification products have been installed. 

2. Do not install identification products until final surface finishes and painting are complete. 

1.5 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 
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1.6 FIELD CONDITIONS 

A. Do not install adhesive products when ambient temperature is lower than recommended by 
manufacturer. 

PART 2  PRODUCTS 

2.1 IDENTIFICATION REQUIREMENTS 

A. Identification for Equipment: 

1. Use identification nameplate to identify each piece of electrical distribution and control 
equipment and associated sections, compartments, and components. 

a. Panelboards: 

1) Identify power source and circuit number. Include location. 
2) Use typewritten circuit directory to identify load(s) served for panelboards with a 

door. Identify spares and spaces using pencil. 
3) For power panelboards without a door, use identification nameplate to identify 

load(s) served for each branch device. Do not identify spares and spaces. 

b. Enclosed switches, circuit breakers, and motor controllers: 

1) Identify voltage and phase. 
2) Identify power source and circuit number. Include location. 
3) Identify load(s) served. Include location. 

2. Use identification nameplate to identify equipment utilizing series ratings, where 
permitted, in accordance with NFPA 70. 

3. Use identification nameplate to identify disconnect location for equipment with remote 
disconnecting means. 

4. Use identification label on inside of door at each fused switch to identify required NEMA 
fuse class and size. 

5. Available Fault Current Documentation:  Use identification label to identify the available 
fault current and date calculations were performed at locations requiring documentation 
by NFPA 70 including but not limited to the following. 

a. Service equipment. 

b. Industrial control panels. 

c. Motor control centers. 

d. Elevator control panels. 

e. Industrial machinery. 

6. Arc Flash Hazard Warning Labels:  Use warning labels to identify arc flash hazards for 
electrical equipment, such as switchboards, panelboards, industrial control panels, meter 
socket enclosures, and motor control centers that are likely to require examination, 
adjustment, servicing, or maintenance while energized. 
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7. Use warning signs to identify electrical hazards for entrances to all rooms and other 
guarded locations that contain exposed live parts operating at 600 V nominal or less with 
the word message "DANGER; Electrical hazard; Authorized personnel only" or approved 
equivalent. 

8. Use warning labels to identify electrical hazards for equipment, compartments, and 
enclosures containing exposed live parts or exposed conductors operating at over 600 V 
nominal with the word message "DANGER; HIGH VOLTAGE; KEEP OUT". 

9. Use warning labels, identification nameplates, or identification labels to identify electrical 
hazards for equipment where multiple power sources are present with the word message 
"DANGER; Hazardous voltage; Multiple power sources may be present; Disconnect all 
electric power including remote disconnects before servicing" or approved equivalent. 

B. Identification for Conductors and Cables: 

1. Color Coding for Power Conductors 600 V and Less:  Comply with Section 26 0519. 
2. Use identification nameplate or identification label to identify color code for ungrounded 

and grounded power conductors inside door or enclosure at each piece of feeder or 
branch-circuit distribution equipment when premises has feeders or branch circuits served 
by more than one nominal voltage system. 

3. Use wire and cable markers to identify circuit number or other designation indicated for 
power, control, and instrumentation conductors and cables at the following locations: 

a. At each source and load connection. 

b. Within boxes when more than one circuit is present. 

c. Within equipment enclosures when conductors and cables enter or leave the 
enclosure. 

4. Use wire and cable markers to identify connected grounding electrode system 
components for grounding electrode conductors. 

5. Use underground warning tape to identify direct buried cables. 
C. Identification for Raceways: 

1. Use voltage markers or color-coded bands to identify systems other than normal power 
system for accessible conduits at maximum intervals of 20 feet. 

a. Color-Coded Bands:  Use field-painting or vinyl color coding electrical tape to mark 
bands 3 inches wide. 

1) Color Code: 
(a) Fire Alarm System:  Red. 

2) Vinyl Color Coding Electrical Tape:  Comply with Section 26 0519. 
2. Use identification labels or plastic marker tags to identify circuits enclosed for accessible 

conduits at wall penetrations, at floor penetrations, at roof penetrations, and at equipment 
terminations when source is not within sight. 

3. Use identification labels or plastic marker tags to identify spare conduits at each end. 
Identify purpose and termination location. 

4. Use underground warning tape to identify underground raceways. 
5. Use voltage markers to identify highest voltage present for wireways at maximum 

intervals of 20 feet. 
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D. Identification for Boxes: 

1. Use voltage markers to identify highest voltage present. 
2. Use identification labels to identify circuits enclosed. 
3. Use warning labels to identify electrical hazards for boxes containing exposed live parts 

or exposed conductors operating at over 600 V nominal with the word message 
"DANGER; HIGH VOLTAGE; KEEP OUT". 

E. Identification for Devices: 

1. Wiring Device and Wallplate Finishes:  Comply with Section 26 2726. 
2. Use identification label to identify fire alarm system devices. 

a. For devices concealed above suspended ceilings, provide additional identification on 
ceiling tile below device location. 

3. Use identification label or engraved wallplate to identify serving branch circuit for all 
receptacles. 

a. For receptacles in public areas or in areas as directed by Architect, provide 
identification on inside surface of wallplate. 

4. Use identification label or engraved wallplate to identify load controlled for wall-mounted 
control devices controlling loads that are not visible from the control location and for 
multiple wall-mounted control devices installed at one location. 

5. Use identification label to identify receptacles protected by upstream GFI protection, 
where permitted. 

2.2 IDENTIFICATION NAMEPLATES AND LABELS 

A. Identification Nameplates: 

1. Materials: 

a. Indoor Clean, Dry Locations:  Use plastic nameplates. 

b. Outdoor Locations:  Use plastic, stainless steel, or aluminum nameplates suitable for 
exterior use. 

2. Plastic Nameplates:  Two-layer or three-layer laminated acrylic or electrically non-
conductive phenolic with beveled edges; minimum thickness of 1/16 inch; engraved text. 

a. Exception:  Provide minimum thickness of 1/8 inch when any dimension is greater 
than 4 inches. 

3. Stainless Steel Nameplates:  Minimum thickness of 1/32 inch; engraved or laser-etched 
text. 

4. Aluminum Nameplates:  Anodized; minimum thickness of 1/32 inch; engraved or laser-
etched text. 

5. Mounting Holes for Mechanical Fasteners:  Two, centered on sides for sizes up to 1 inch 
high; Four, located at corners for larger sizes. 
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B. Identification Labels: 

1. Materials:  Use self-adhesive laminated plastic labels; UV, chemical, water, heat, and 
abrasion resistant. 

2. Text:  Use factory pre-printed or machine-printed text. Do not use handwritten text unless 
otherwise indicated. 

C. Format for Equipment Identification: 

1. Minimum Size:  1 inch by 2.5 inches. 
2. Legend: 

a. Equipment designation or other approved description. 

3. Text: All capitalized unless otherwise indicated. 
4. Minimum Text Height: 

a. Equipment Designation:  1/2 inch. 

5. Color: 

a. Normal Power System: White text on black background. 

D. Format for General Information and Operating Instructions: 

1. Minimum Size:  1 inch by 2.5 inches. 
2. Legend:  Include information or instructions indicated or as required for proper and safe 

operation and maintenance. 
3. Text: All capitalized unless otherwise indicated. 
4. Minimum Text Height:  1/4 inch. 
5. Color:  Black text on white background unless otherwise indicated. 

E. Format for Receptacle Identification: 

1. Minimum Size:  3/8 inch by 1.5 inches. 
2. Legend:  Power source and circuit number or other designation indicated. 

a. Include voltage and phase for other than 120 V, single phase circuits. 

3. Text: All capitalized unless otherwise indicated. 
4. Minimum Text Height:  3/16 inch. 
5. Color:  Black text on clear background. 

F. Format for Fire Alarm Device Identification: 

1. Minimum Size:  3/8 inch by 1.5 inches. 
2. Legend:  Designation indicated and device zone or address. 
3. Text: All capitalized unless otherwise indicated. 
4. Minimum Text Height:  3/16 inch. 
5. Color:  Red text on white background. 
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2.3 WIRE AND CABLE MARKERS 

A. Markers for Conductors and Cables:  Use wrap-around self-adhesive vinyl cloth, wrap-around 
self-adhesive vinyl self-laminating, heat-shrink sleeve, plastic sleeve, plastic clip-on, or vinyl 
split sleeve type markers suitable for the conductor or cable to be identified. 

B. Markers for Conductor and Cable Bundles:  Use plastic marker tags secured by nylon cable 
ties. 

C. Legend:  Power source and circuit number or other designation indicated. 

D. Text:  Use factory pre-printed or machine-printed text, all capitalized unless otherwise 
indicated. 

1. Do not use handwritten text. 
E. Minimum Text Height:  1/8 inch. 

F. Color:  Black text on white background unless otherwise indicated. 

2.4 VOLTAGE MARKERS 

A. Markers for Conduits:  Use factory pre-printed self-adhesive vinyl, self-adhesive vinyl cloth, or 
vinyl snap-around type markers. 

B. Markers for Boxes and Equipment Enclosures:  Use factory pre-printed self-adhesive vinyl or 
self-adhesive vinyl cloth type markers. 

C. Minimum Size: 

1. Markers for Conduits:  As recommended by manufacturer for conduit size to be identified. 
2. Markers for Pull Boxes:  1 1/8 by 4 1/2 inches. 
3. Markers for Junction Boxes:  1/2 by 2 1/4 inches. 

D. Legend: 

1. Markers for Voltage Identification:  Highest voltage present. 
2. Markers for System Identification: 

E. Color:  Black text on orange background unless otherwise indicated. 

2.5 UNDERGROUND WARNING TAPE 

A. Materials:  Use foil-backed detectable type polyethylene tape suitable for direct burial, unless 
otherwise indicated. 

B. Foil-backed Detectable Type Tape:  6 inches wide, with minimum thickness of 5 mil, unless 
otherwise required for proper detection. 

C. Legend:  Type of service, continuously repeated over full length of tape. 

D. Color: 

1. Tape for Buried Power Lines:  Black text on red background. 
 
 



WRC Decentralization Phase 3 
IDAS Project # 9279.30

SH Project # 2142203394 

 

 Issued for Bid 
01-11-2024 

Identification for Electrical 
Systems

26 0553 - 7  

2.6 WARNING SIGNS AND LABELS 

A. Comply with ANSI Z535.2 or ANSI Z535.4 as applicable. 

B. Warning Signs: 

1. Materials: 

a. Indoor Dry, Clean Locations:  Use factory pre-printed rigid plastic or self-adhesive 
vinyl signs. 

b. Outdoor Locations:  Use factory pre-printed rigid aluminum signs. 

2. Rigid Signs:  Provide four mounting holes at corners for mechanical fasteners. 
3. Minimum Size:  7 by 10 inches unless otherwise indicated. 

C. Warning Labels: 

1. Materials:  Use factory pre-printed or machine-printed self-adhesive polyester or self-
adhesive vinyl labels; UV, chemical, water, heat, and abrasion resistant; produced using 
materials recognized to UL 969. 

a. Do not use labels designed to be completed using handwritten text. 

b. Provide polyester overlaminate to protect handwritten text. 

2. Machine-Printed Labels:  Use thermal transfer process printing machines and 
accessories recommended by label manufacturer. 

3. Minimum Size:  2 by 4 inches unless otherwise indicated. 

PART 3  EXECUTION 

3.1 PREPARATION 

A. Clean surfaces to receive adhesive products according to manufacturer's instructions. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Install identification products to be plainly visible for examination, adjustment, servicing, and 
maintenance. Unless otherwise indicated, locate products as follows: 

1. Surface-Mounted Equipment:  Enclosure front. 
2. Flush-Mounted Equipment:  Inside of equipment door. 
3. Free-Standing Equipment:  Enclosure front; also enclosure rear for equipment with rear 

access. 
4. Elevated Equipment:  Legible from the floor or working platform. 
5. Branch Devices:  Adjacent to device. 
6. Interior Components:  Legible from the point of access. 
7. Conduits:  Legible from the floor. 
8. Boxes:  Outside face of cover. 
9. Conductors and Cables:  Legible from the point of access. 
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10. Devices:  Outside face of cover. 
C. Install identification products centered, level, and parallel with lines of item being identified. 

D. Secure nameplates to exterior surfaces of enclosures using stainless steel screws and to 
interior surfaces using self-adhesive backing or epoxy cement. 

E. Install self-adhesive labels and markers to achieve maximum adhesion, with no bubbles or 
wrinkles and edges properly sealed. 

F. Install underground warning tape above buried lines with one tape per trench at 3 inches below 
finished grade. 

G. Secure rigid signs using stainless steel screws. 

H. Mark all handwritten text, where permitted, to be neat and legible. 

3.3 FIELD QUALITY CONTROL 

A. Replace self-adhesive labels and markers that exhibit bubbles, wrinkles, curling or other signs 
of improper adhesion. 

END OF SECTION 
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SECTION 26 0923  
LIGHTING CONTROL DEVICES 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Occupancy sensors. 

1.2 RELATED REQUIREMENTS 

A. Section 26 0526 - Grounding and Bonding for Electrical Systems. 

B. Section 26 0529 - Hangers and Supports for Electrical Systems 

C. Section 26 0533.16 - Boxes for Electrical Systems. 

D. Section 26 0553 - Identification for Electrical Systems:  Identification products and 
requirements. 

E. Section 26 2726 - Wiring Devices:  Devices for manual control of lighting, including wall 
switches, wall dimmers, and fan speed controllers. 

1.3 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

B. NECA 130 - Standard for Installing and Maintaining Wiring Devices 2010. 

C. NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic 
Drivers and Discharge Ballasts 2016. 

D. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Coordinate the placement of lighting control devices with millwork, furniture, equipment, 
etc. installed under other sections or by others. 

2. Coordinate the placement of wall switch occupancy sensors with actual installed door 
swings. 

3. Coordinate the placement of occupancy sensors with millwork, furniture, equipment or 
other potential obstructions to motion detection coverage installed under other sections or 
by others. 

4. Notify Architect/Engineer of any conflicts or deviations from the contract documents to 
obtain direction prior to proceeding with work. 

B. Sequencing: 

1. Do not install lighting control devices until final surface finishes and painting are complete. 
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1.5 SUBMITTALS 

A. Product Data:  Include ratings, configurations, standard wiring diagrams, dimensions, colors, 
service condition requirements, and installed features. 

1. Occupancy Sensors:  Include detailed motion detection coverage range diagrams. 
B. Shop Drawings: 

1. Occupancy Sensors:  Provide lighting plan indicating location, model number, and 
orientation of each occupancy sensor and associated system component. 

2. Provide detailed wiring diagrams for each sequence of operation scheme used in the 
plans. 

C. Field Quality Control Reports. 

D. Manufacturer's Installation Instructions:  Include application conditions and limitations of use 
stipulated by product testing agency. Include instructions for storage, handling, protection, 
examination, preparation, and installation of product. 

E. Operation and Maintenance Data:  Include detailed information on device programming and 
setup. 

F. Project Record Documents:  Record actual installed locations and settings for lighting control 
devices. 

1.6 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

D. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.7 DELIVERY, STORAGE, AND PROTECTION 

A. Store products in a clean, dry space in original manufacturer's packaging in accordance with 
manufacturer's written instructions until ready for installation. 

1.8 FIELD CONDITIONS 

A. Maintain field conditions within manufacturer's required service conditions during and after 
installation. 

1.9 WARRANTY 

A. Provide five year manufacturer warranty for all occupancy sensors. 
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PART 2  PRODUCTS 

2.1 LIGHTING CONTROL DEVICES - GENERAL REQUIREMENTS 

A. Provide products listed, classified, and labeled as suitable for the purpose intended. 

B. Unless specifically indicated to be excluded, provide all required conduit, wiring, connectors, 
hardware, components, accessories, etc. as required for a complete operating system. 

C. Products for Switching of Electronic Ballasts/Drivers:  Tested and rated to be suitable for peak 
inrush currents specified in NEMA 410. 

2.2 OCCUPANCY SENSORS 

A. All Occupancy Sensors: 

1. Description:  Factory-assembled commercial specification grade devices for indoor use 
capable of sensing both major motion, such as walking, and minor motion, such as small 
desktop level movements, according to published coverage areas, for automatic control of 
load indicated. 

2. Sensor Technology: 

a. Passive Infrared (PIR) Occupancy Sensors:  Designed to detect occupancy by 
sensing movement of thermal energy between zones. 

b. Passive Infrared/Ultrasonic Dual Technology Occupancy Sensors:  Designed to 
detect occupancy using a combination of both passive infrared and ultrasonic 
technologies. 

3. Provide LED to visually indicate motion detection with separate color LEDs for each 
sensor type in dual technology units. 

4. Operation:  Unless otherwise indicated, occupancy sensor to turn load on when occupant 
presence is detected and to turn load off when no occupant presence is detected during 
an adjustable turn-off delay time interval. 

5. Dual Technology Occupancy Sensors:  Field configurable turn-on and hold-on activation 
with settings for activation by either or both sensing technologies. 

6. Passive Infrared Lens Field of View:  Field customizable by addition of factory masking 
material, adjustment of integral blinders, or similar means to block motion detection in 
selected areas. 

7. Turn-Off Delay:  Field adjustable, with time delay settings up to 30 minutes. 
8. Compatibility (Non-Dimming Sensors):  Suitable for controlling incandescent lighting, low-

voltage lighting with electronic and magnetic transformers, fluorescent lighting with 
electronic and magnetic ballasts, LED lighting, and fractional motor loads, with no 
minimum load requirements. 

9. Load Rating for Line Voltage Occupancy Sensors:  As required to control the load 
indicated on drawings. 

B. Wall Switch Occupancy Sensors: 

1. All Wall Switch Occupancy Sensors: 

a. Description:  Occupancy sensors designed for installation in standard wall box at 
standard wall switch mounting height with a field of view of 180 degrees, integrated 
manual control capability, and no leakage current to load in off mode. 
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b. Where indicated, provide two-circuit units for control of two separate lighting loads, 
with separate manual controls and separately programmable operation for each load. 

c. Operation:  Field selectable to operate either as occupancy sensor (automatic on/off) 
or as vacancy sensor (manual-on/automatic off). 

d. Manual-Off Override Control:  When used to turn off load while in automatic-on 
mode, unit to revert back to automatic mode after no occupant presence is detected 
during the delayed-off time interval. 

e. Finish:  Match finishes specified for wiring devices in Section 26 2726, unless 
otherwise indicated. 

C. Power Packs for Low Voltage Occupancy Sensors: 

1. Description:  Plenum rated, self-contained low voltage class 2 transformer and relay 
compatible with specified low voltage occupancy sensors for switching of line voltage 
loads. 

2. Provide quantity and configuration of power and slave packs with all associated wiring 
and accessories as required to control the load indicated on drawings. 

3. Input Supply Voltage:  Dual rated for 120/277 V ac. 
4. Load Rating:  As required to control the load indicated on drawings. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that field measurements are as indicated. 

B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and 
are properly sized to accommodate devices and conductors in accordance with NFPA 70. 

C. Verify that openings for outlet boxes are neatly cut and will be completely covered by devices 
or wall plates. 

D. Verify that final surface finishes are complete, including painting. 

E. Verify that branch circuit wiring installation is completed, tested, and ready for connection to 
lighting control devices. 

F. Verify that the service voltage and ratings of lighting control devices are appropriate for the 
service voltage and load requirements at the location to be installed. 

G. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 PREPARATION 

A. Provide extension rings to bring outlet boxes flush with finished surface. 

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes. 
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3.3 INSTALLATION 

A. Install lighting control devices in accordance with NECA 1 (general workmanship) and, where 
applicable, NECA 130, including mounting heights specified in those standards unless 
otherwise indicated. 

B. Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for 
installation of lighting control devices provided under this section. 

C. Install lighting control devices in accordance with manufacturer's instructions. 

D. Unless otherwise indicated, connect lighting control device grounding terminal or conductor to 
branch circuit equipment grounding conductor and to outlet box with bonding jumper. 

E. Install lighting control devices plumb and level, and held securely in place. 

F. Where required and not furnished with lighting control device, provide wall plate in accordance 
with Section 26 2726. 

G. Provide required supports in accordance with Section 26 0529. 

H. Where applicable, install lighting control devices and associated wall plates to fit completely 
flush to mounting surface with no gaps and rough opening completely covered without strain 
on wall plate. Repair or reinstall improperly installed outlet boxes or improperly sized rough 
openings. Do not use oversized wall plates in lieu of meeting this requirement. 

I. Identify lighting control devices in accordance with Section 26 0553. 

J. Occupancy Sensor Locations: 

1. Location Adjustments:  Do not make adjustments to locations without obtaining approval 
from the Architect/Engineer. 

2. Locate ultrasonic and dual technology passive infrared/ultrasonic occupancy sensors a 
minimum of 6 feet (1.8 m) from air supply ducts or other sources of heavy air flow and as 
per manufacturer's recommendations, in order to minimize false triggers. 

3.4 FIELD QUALITY CONTROL 

A. Inspect each lighting control device for damage and defects. 

B. Test occupancy sensors to verify proper operation, including time delays and ambient light 
thresholds where applicable. Verify optimal coverage for entire room or area. Record test 
results in written report to be included with submittals. 

C. Correct wiring deficiencies and replace damaged or defective lighting control devices. 

3.5 ADJUSTING 

A. Adjust devices and wall plates to be flush and level. 

B. Adjust occupancy sensor settings to minimize undesired activations while optimizing energy 
savings, and to achieve desired function as indicated or as directed by Architect/Engineer. 

C. Where indicated or as directed by Architect, install factory masking material or adjust integral 
blinders on passive infrared (PIR) and dual technology occupancy sensor lenses to block 
undesired motion detection. 

3.6 CLEANING 

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match 
original factory finish. 
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3.7 CLOSEOUT ACTIVITIES 

A. Demonstration:  Demonstrate proper operation of lighting control devices to Architect/Engineer, 
and correct deficiencies or make adjustments as directed. 

END OF SECTION 
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SECTION 26 2416  
PANELBOARDS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Power distribution panelboards. 

B. Lighting and appliance panelboards. 

C. Overcurrent protective devices for panelboards. 

1.2 RELATED REQUIREMENTS 

A. Section 26 0526 - Grounding and Bonding for Electrical Systems. 

B. Section 26 0529 - Hangers and Supports for Electrical Systems. 

C. Section 26 0553 - Identification for Electrical Systems:  Identification products and 
requirements. 

1.3 REFERENCE STANDARDS 

A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service 2013e, with 
Amendment (2017). 

B. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

C. NECA 407 - Standard for Installing and Maintaining Panelboards 2015. 

D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum) 2020. 

E. NEMA PB 1 - Panelboards 2011. 

F. NEMA PB 1.1 - General Instructions for Proper Installation, Operation and Maintenance of 
Panelboards Rated 600 Volts or Less 2013. 

G. NETA ATS - Standard For Acceptance Testing Specifications For Electrical Power Equipment 
And Systems 2021. 

H. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

I. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations Current 
Edition, Including All Revisions. 

J. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations Current Edition, 
Including All Revisions. 

K. UL 67 - Panelboards Current Edition, Including All Revisions. 

L. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker 
Enclosures Current Edition, Including All Revisions. 
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1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment, 
or other potential obstructions within the dedicated equipment spaces and working 
clearances for electrical equipment required by NFPA 70. 

2. Coordinate arrangement of electrical equipment with the dimensions and clearance 
requirements of the actual equipment to be installed. 

3. Coordinate the work with other trades to provide walls suitable for installation of flush-
mounted panelboards where indicated. 

4. Verify with manufacturer that conductor terminations are suitable for use with the 
conductors to be installed. 

5. Notify Architect/Engineer of any conflicts with or deviations from the contract documents. 
Obtain direction before proceeding with work. 

1.5 SUBMITTALS 

A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for 
panelboards, enclosures, overcurrent protective devices, and other installed components and 
accessories. 

B. Shop Drawings:  Indicate outline and support point dimensions, voltage, main bus ampacity, 
overcurrent protective device arrangement and sizes, short circuit current ratings, conduit entry 
locations, conductor terminal information, and installed features and accessories. 

1. Include dimensioned plan and elevation views of panelboards and adjacent equipment 
with all required clearances indicated. 

2. Include wiring diagrams showing all factory and field connections. 
3. Clearly indicate whether proposed short circuit current ratings are fully rated or, where 

acceptable, series rated systems. 
C. Source Quality Control Test Reports:  Include reports for tests designated in NEMA PB 1 as 

routine tests. 

D. Field Quality Control Test Reports. 

E. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of use 
stipulated by product testing agency.  Include instructions for storage, handling, protection, 
examination, preparation, and installation of product. 

F. Project Record Documents:  Record actual installed locations of panelboards and actual 
installed circuiting arrangements. 

G. Maintenance Data:  Include information on replacement parts and recommended maintenance 
procedures and intervals. 

H. Maintenance Materials:   Furnish the following for Owner's use in maintenance of project. 

1. Panelboard Keys:  Two of each different key. 
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1.6 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store panelboards in accordance with manufacturer's 
instructions and NECA 407. 

B. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas 
or heavy plastic cover to protect units from dirt, water, construction debris, and traffic. 

C. Handle carefully in accordance with manufacturer's written instructions to avoid damage to 
panelboard internal components, enclosure, and finish. 

1.8 FIELD CONDITIONS 

A. Maintain ambient temperature within the following limits during and after installation of 
panelboards: 

1. Panelboards Containing Circuit Breakers:  Between 23 degrees F and 104 degrees F. 

PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. Eaton Corporation:  www.eaton.com/#sle. 

B. Schneider Electric; Square D Products:  www.schneider-electric.us/#sle. 

C. Siemens Industry, Inc:  www.usa.siemens.com/#sle. 

D. Or Engineer pre-approved equivalent. 

E. Source Limitations:  Furnish panelboards and associated components produced by the same 
manufacturer as the other electrical distribution equipment used for this project and obtained 
from a single supplier. 

2.2 PANELBOARDS - GENERAL REQUIREMENTS 

A. Provide products listed, classified, and labeled as suitable for the purpose intended. 

B. Unless otherwise indicated, provide products suitable for continuous operation under the 
following service conditions: 

1. Altitude:  Less than 6,600 feet. 
2. Ambient Temperature: 

a. Panelboards Containing Circuit Breakers:  Between 23 degrees F and 104 degrees 
F. 

C. Short Circuit Current Rating: 

1. Provide panelboards with listed short circuit current rating not less than the available fault 
current at the installed location as indicated on the drawings. 
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D. Mains:  Configure for top or bottom incoming feed as indicated or as required for the 
installation. 

E. Branch Overcurrent Protective Devices:  Replaceable without disturbing adjacent devices. 

F. Bussing:  Sized in accordance with UL 67 temperature rise requirements. 

1. Provide solidly bonded equipment ground bus in each panelboard, with a suitable lug for 
each feeder and branch circuit equipment grounding conductor. 

G. Conductor Terminations:  Suitable for use with the conductors to be installed. 

H. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E. 

1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the 
following installation locations: 

a. Indoor Clean, Dry Locations:  Type 12. 

b. Outdoor Locations:  Type 3R. 

2. Boxes:  Galvanized steel unless otherwise indicated. 

a. Provide wiring gutters sized to accommodate the conductors to be installed. 

3. Fronts: 

a. Fronts for Surface-Mounted Enclosures:  Same dimensions as boxes. 

b. Fronts for Flush-Mounted Enclosures:  Overlap boxes on all sides to conceal rough 
opening. 

c. Finish for Painted Steel Fronts:  Manufacturer's standard grey unless otherwise 
indicated. 

4. Lockable Doors:  All locks keyed alike unless otherwise indicated. 
I. Future Provisions:  Prepare all unused spaces for future installation of devices including 

bussing, connectors, mounting hardware and all other required provisions. 

J. Multi-Section Panelboards:  Provide enclosures of the same height, with feed-through lugs or 
sub-feed lugs and feeders as indicated or as required to interconnect sections. 

K. Load centers are not acceptable. 

L. Provide the following features and accessories where indicated or where required to complete 
installation: 

1. Feed-through lugs. 
2. Sub-feed lugs. 

2.3 LIGHTING AND APPLIANCE PANELBOARDS 

A. Description:  Panelboards complying with NEMA PB 1, lighting and appliance branch circuit 
type, circuit breaker type, and listed and labeled as complying with UL 67; ratings, 
configurations and features as indicated. 

B. Conductor Terminations: 

1. Main and Neutral Lug Material:  Aluminum, suitable for terminating aluminum or copper 
conductors. 



WRC Decentralization Phase 3 
IDAS Project # 9279.30

SH Project # 2142203394 

 

 Issued for Bid 
01-11-2024 

Panelboards
26 2416 - 5  

2. Main and Neutral Lug Type:  Mechanical. 
C. Bussing: 

1. Phase Bus Connections:  Arranged for sequential phasing of overcurrent protective 
devices. 

2. Phase and Neutral Bus Material:  Aluminum. 
3. Ground Bus Material:  Aluminum. 

D. Circuit Breakers:  Thermal magnetic bolt-on type. 

E. Enclosures: 

1. Provide surface-mounted enclosures. 
2. Fronts:  Provide lockable hinged door with concealed hinges for access to overcurrent 

protective device handles without exposing live parts. 
3. Provide clear plastic circuit directory holder mounted on inside of door. 

2.4 OVERCURRENT PROTECTIVE DEVICES 

A. Molded Case Circuit Breakers: 

1. Description:  Quick-make, quick-break, over center toggle, trip-free, trip-indicating circuit 
breakers listed and labeled as complying with UL 489, and complying with FS W-C-375 
where applicable; ratings, configurations, and features as indicated on the drawings. 

2. Interrupting Capacity: 

a. Provide circuit breakers with interrupting capacity as required to provide the short 
circuit current rating indicated, but not less than: 

1) 10,000 rms symmetrical amperes at 240 VAC or 208 VAC. 
2) 14,000 rms symmetrical amperes at 480 VAC. 

b. Fully Rated Systems:  Provide circuit breakers with interrupting capacity not less 
than the short circuit current rating indicated. 

3. Conductor Terminations: 

a. Provide mechanical lugs unless otherwise indicated. 

b. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors. 

4. Thermal Magnetic Circuit Breakers:  For each pole, furnish thermal inverse time tripping 
element for overload protection and magnetic instantaneous tripping element for short 
circuit protection. 

5. Multi-Pole Circuit Breakers:  Furnish with common trip for all poles. 
6. Provide listed switching duty rated circuit breakers with SWD marking for all lighting 

circuits. 
7. Do not use tandem circuit breakers. 
8. Do not use handle ties in lieu of multi-pole circuit breakers. 

2.5 SOURCE QUALITY CONTROL 

A. Factory test panelboards according to NEMA PB 1. 
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PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that the ratings and configurations of the panelboards and associated components are 
consistent with the indicated requirements. 

B. Verify that mounting surfaces are ready to receive panelboards. 

C. Coordinate the panelboard and the surface to be mounted on or in. 

D. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 INSTALLATION 

A. Perform work in accordance with NECA 1 (general workmanship). 

B. Install products in accordance with manufacturer's instructions. 

C. Install panelboards in accordance with NECA 407 and NEMA PB 1.1. 

D. Arrange equipment to provide minimum clearances in accordance with manufacturer's 
instructions and NFPA 70. 

E. Provide required supports in accordance with Section 26 0529. 

F. Install panelboards plumb. 

G. Install flush-mounted panelboards so that trims fit completely flush to wall with no gaps and 
rough opening completely covered. 

H. Mount panelboards such that the highest position of any operating handle for circuit breakers 
or switches does not exceed 79 inches above the floor or working platform. 

I. Provide minimum of six spare 1 inch trade size conduits out of each flush-mounted panelboard 
stubbed into accessible space above ceiling and below floor. 

J. Provide grounding and bonding in accordance with Section 26 0526. 

K. Install all field-installed branch devices, components, and accessories. 

L. Where accessories are not self-powered, provide control power source as indicated or as 
required to complete installation. 

M. Provide filler plates to cover unused spaces in panelboards. 

N. Identify panelboards in accordance with Section 26 0553. 

3.3 FIELD QUALITY CONTROL 

A. Inspect and test in accordance with NETA ATS, except Section 4. 

B. Molded Case Circuit Breakers:  Perform inspections and tests listed in NETA ATS, Section 
7.6.1.1 for all main circuit breakers and circuit breakers larger than 250 amperes. Tests listed 
as optional are not required. 

C. Correct deficiencies and replace damaged or defective panelboards or associated 
components. 
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3.4 ADJUSTING 

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended 
torque settings. 

B. Adjust alignment of panelboard fronts. 

C. Load Balancing:  For each panelboard, rearrange circuits such that the difference between 
each measured steady state phase load does not exceed 20 percent and adjust circuit 
directories accordingly.  Maintain proper phasing for multi-wire branch circuits. 

3.5 CLEANING 

A. Clean dirt and debris from panelboard enclosures and components according to 
manufacturer's instructions. 

B. Repair scratched or marred exterior surfaces to match original factory finish. 

END OF SECTION 
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SECTION 26 2726  
WIRING DEVICES 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Wall switches. 

B. Receptacles. 

C. Wall plates. 

1.2 RELATED REQUIREMENTS 

A. Section 26 0533.16 - Boxes for Electrical Systems. 

B. Section 26 0553 - Identification for Electrical Systems:  Identification products and 
requirements. 

1.3 REFERENCE STANDARDS 

A. FS W-C-596 - Connector, Electrical, Power, General Specification for 2014h, with 
Amendments (2017). 

B. FS W-S-896 - Switches, Toggle (Toggle and Lock), Flush Mounted (General Specification) 
2014g, with Amendment (2017). 

C. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

D. NECA 130 - Standard for Installing and Maintaining Wiring Devices 2016. 

E. NEMA WD 1 - General Color Requirements for Wiring Devices 1999 (Reaffirmed 2020). 

F. NEMA WD 6 - Wiring Devices - Dimensional Specifications 2021. 

G. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

H. UL 20 - General-Use Snap Switches Current Edition, Including All Revisions. 

I. UL 498 - Attachment Plugs and Receptacles Current Edition, Including All Revisions. 

J. UL 514D - Cover Plates for Flush-Mounted Wiring Devices Current Edition, Including All 
Revisions. 

K. UL 943 - Ground-Fault Circuit-Interrupters Current Edition, Including All Revisions. 

L. UL 1472 - Solid-State Dimming Controls Current Edition, Including All Revisions. 

M. UL 1917 - Solid-State Fan Speed Controls Current Edition, Including All Revisions. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Coordinate the placement of outlet boxes with millwork, furniture, equipment, etc. installed 
under other sections or by others. 

2. Coordinate wiring device ratings and configurations with the electrical requirements of 
actual equipment to be installed. 
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3. Coordinate the placement of outlet boxes for wall switches with actual installed door 
swings. 

4. Coordinate the installation and preparation of uneven surfaces, such as split face block, 
to provide suitable surface for installation of wiring devices. 

5. Notify Architect/Engineer of any conflicts or deviations from Contract Documents to obtain 
direction prior to proceeding with work. 

B. Sequencing: 

1. Do not install wiring devices until final surface finishes and painting are complete. 

1.5 SUBMITTALS 

A. Product Data:  Provide manufacturer's catalog information showing dimensions, colors, and 
configurations. 

B. Field Quality Control Test Reports. 

C. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of use 
stipulated by product testing agency. Include instructions for storage, handling, protection, 
examination, preparation, and installation of product. 

D. Operation and Maintenance Data: 

1. GFCI Receptacles:  Include information on status indicators. 
E. Project Record Documents:  Record actual installed locations of wiring devices. 

1.6 QUALITY ASSURANCE 

A. Comply with requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

D. Products:  Listed, classified, and labeled as suitable for the purpose intended. 

E. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.7 DELIVERY, STORAGE, AND PROTECTION 

A. Store in a clean, dry space in original manufacturer's packaging until ready for installation. 

PART 2  PRODUCTS 

2.1 WIRING DEVICE APPLICATIONS 

A. Provide wiring devices suitable for intended use and with ratings adequate for load served. 

B. Provide weather resistant GFCI receptacles with specified weatherproof covers for receptacles 
installed outdoors or in damp or wet locations. 

C. Provide GFCI protection for receptacles installed within 6 feet of sinks. 
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D. Provide GFCI protection for receptacles installed in kitchens. 

E. Provide GFCI protection for receptacles serving electric drinking fountains. 

2.2 WIRING DEVICE FINISHES 

A. Provide wiring device finishes as described below unless otherwise indicated. 

B. Wiring Devices, Unless Otherwise Indicated:  Gray with stainless steel wall plate. 

2.3 WALL SWITCHES 

A. Manufacturers: 

1. Hubbell Incorporated:  www.hubbell.com/#sle. 
2. Cooper Wiring Devices 
3. Leviton Manufacturing Company, Inc:  www.leviton.com/#sle. 
4. Lutron 
5. Pass & Seymour, a brand of Legrand North America, Inc:  www.legrand.us/#sle. 
6. Or engineer pre-approved equivalent. 

B. Wall Switches - General Requirements:  AC only, quiet operating, general-use snap switches 
with silver alloy contacts, complying with NEMA WD 1 and NEMA WD 6, and listed as 
complying with UL 20and where applicable FS W-S-896; types as indicated on the drawings. 

1. Wiring Provisions:  Terminal screws for side wiring and screw actuated binding clamp for 
back wiring with separate ground terminal screw. 

C. Standard Wall Switches:  Industrial specification grade, 20 A, 120/277 V with standard toggle 
type switch actuator and maintained contacts; single pole single throw, double pole single 
throw, three way, or four way as indicated on the drawings. 

2.4 RECEPTACLES 

A. Manufacturers: 

1. Hubbell Incorporated:  www.hubbell.com/#sle. 
2. Cooper Wiring Devices. 
3. Leviton Manufacturing Company, Inc:  www.leviton.com/#sle. 
4. Lutron Electronics Company, Inc:  www.lutron.com/sle. 
5. Pass & Seymour, a brand of Legrand North America, Inc:  www.legrand.us/#sle. 
6. Or engineer pre-approved equivalent. 

B. Receptacles - General Requirements:  Self-grounding, complying with NEMA WD 1 and NEMA 
WD 6, and listed as complying with UL 498, and where applicable, FS W-C-596; types as 
indicated on the drawings. 

1. Wiring Provisions:  Terminal screws for side wiring or screw actuated binding clamp for 
back wiring with separate ground terminal screw. 

2. NEMA configurations specified are according to NEMA WD 6. 
C. Convenience Receptacles: 

1. Standard Convenience Receptacles:  Industrial specification grade, 20A, 125V, NEMA 5-
20R; single or duplex as indicated on the drawings. 
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2. Tamper Resistant and Weather Resistant Convenience Receptacles:  Industrial 
specification grade, 20A, 125V, NEMA 5-20R, listed and labeled as tamper resistant type 
and as weather resistant type complying with UL 498 Supplement SE suitable for 
installation in damp or wet locations; single or duplex as indicated on the drawings. 

D. GFCI Receptacles: 

1. GFCI Receptacles - General Requirements:  Self-testing, with feed-through protection 
and light to indicate ground fault tripped condition and loss of protection; listed as 
complying with UL 943, class A. 

a. Provide test and reset buttons of same color as device. 

2. Standard GFCI Receptacles:  Industrial specification grade, duplex, 20A, 125V, NEMA 5-
20R, rectangular decorator style. 

3. Tamper Resistant and Weather Resistant GFCI Receptacles:  Industrial specification 
grade, duplex, 20A, 125V, NEMA 5-20R, rectangular decorator style, listed and labeled 
as tamper resistant type and as weather resistant type complying with UL 498 
Supplement SE suitable for installation in damp or wet locations. 

2.5 WALL PLATES 

A. Manufacturers: 

1. Hubbell Incorporated:  www.hubbell-wiring.com/#sle. 
2. Leviton Manufacturing Company, Inc:  www.leviton.com/#sle. 
3. Lutron Electronics Company, Inc:  www.lutron.com/sle. 
4. Pass & Seymour, a brand of Legrand North America, Inc:  www.legrand.us/#sle. 
5. Or engineer pre-approved equivalent. 
6. Source Limitations:  Where wall controls are furnished as part of lighting control system, 

provide accessory matching receptacles and wallplates by the same manufacturer. 
B. Wall Plates:  Comply with UL 514D. 

1. Configuration:  One piece cover as required for quantity and types of corresponding 
wiring devices. 

2. Size:  Standard. 
3. Screws:  Metal with slotted heads finished to match wall plate finish. 

C. Stainless Steel Wall Plates:  Brushed satin finish, Type 302 stainless steel. 

D. Weatherproof Covers for Wetor Damp Locations:  Gasketed, cast aluminum, with hinged 
lockable cover and corrosion-resistant screws; listed as suitable for use in wet locations while 
in use with attachment plugs connected and identified as extra-duty type. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that outlet boxes are installed in proper locations and at proper mounting heights and 
are properly sized to accommodate devices and conductors in accordance with NFPA 70. 

B. Verify that wall openings are neatly cut and will be completely covered by wall plates. 
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C. Verify that final surface finishes are complete, including painting. 

D. Verify that branch circuit wiring installation is completed, tested, and ready for connection to 
wiring devices. 

E. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 PREPARATION 

A. Provide extension rings to bring outlet boxes flush with finished surface. 

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes. 

3.3 INSTALLATION 

A. Perform work in accordance with NECA 1 (general workmanship) and, where applicable, 
NECA 130, including mounting heights specified in those standards unless otherwise 
indicated. 

B. Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for 
installation of wiring devices provided under this section. 

1. Mounting Heights: Unless otherwise indicated, as follows: 

a. Wall Switches:  48 inches above finished floor. 

b. Wall Dimmers:  48 inches above finished floor. 

c. Receptacles:  18 inches above finished floor or 6 inches above counter. 

2. Orient outlet boxes for vertical installation of wiring devices unless otherwise indicated. 
3. Where multiple receptacles, wall switches, or wall dimmers are installed at the same 

location and at the same mounting height, gang devices together under a common wall 
plate. 

4. Locate wall switches on strike side of door with edge of wall plate 3 inches from edge of 
door frame. Where locations are indicated otherwise, notify Architect/Engineer to obtain 
direction prior to proceeding with work. 

C. Install wiring devices in accordance with manufacturer's instructions. 

D. Install permanent barrier between ganged wiring devices when voltage between adjacent 
devices exceeds 300 V. 

E. Where required, connect wiring devices using pigtails not less than 6 inches long. Do not 
connect more than one conductor to wiring device terminals. 

F. Connect wiring devices by wrapping conductor clockwise 3/4 turn around screw terminal and 
tightening to proper torque specified by the manufacturer. Where present, do not use push-in 
pressure terminals that do not rely on screw-actuated binding. 

G. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit 
equipment grounding conductor and to outlet box with bonding jumper. 

H. Provide GFCI receptacles with integral GFCI protection at each location indicated. Do not use 
feed-through wiring to protect downstream devices. 

I. Install wiring devices plumb and level with mounting yoke held rigidly in place. 

J. Install wall switches with OFF position down. 
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K. Install vertically mounted receptacles with grounding pole on bottom and horizontally mounted 
receptacles with grounding pole on left. 

L. Install wall plates to fit completely flush to wall with no gaps and rough opening completely 
covered without strain on wall plate. Repair or reinstall improperly installed outlet boxes or 
improperly sized rough openings. Do not use oversized wall plates in lieu of meeting this 
requirement. 

M. Install blank wall plates on junction boxes and on outlet boxes with no wiring devices installed 
or designated for future use. 

N. Identify wiring devices in accordance with Section 26 0553. 

3.4 FIELD QUALITY CONTROL 

A. Inspect each wiring device for damage and defects. 

B. Operate each wall switch, wall dimmer, and fan speed controller with circuit energized to verify 
proper operation. 

C. Test each receptacle to verify operation and proper polarity. 

D. Test each GFCI receptacle for proper tripping operation according to manufacturer's 
instructions. 

E. Correct wiring deficiencies and replace damaged or defective wiring devices. 

3.5 ADJUSTING 

A. Adjust devices and wall plates to be flush and level. 

3.6 CLEANING 

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match 
original factory finish. 

END OF SECTION 
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SECTION 26 2813  
FUSES 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Fuses. 

1.2 RELATED REQUIREMENTS 

A. Section 26 2816.16 - Enclosed Switches:  Fusible switches. 

1.3 REFERENCE STANDARDS 

A. NEMA FU 1 - Low Voltage Cartridge Fuses 2012. 

B. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

C. UL 248-1 - Low-Voltage Fuses - Part 1: General Requirements Current Edition, Including All 
Revisions. 

D. UL 248-4 - Low-Voltage Fuses - Part 4: Class CC Fuses Current Edition, Including All 
Revisions. 

E. UL 248-12 - Low-Voltage Fuses - Part 12: Class R Fuses Current Edition, Including All 
Revisions. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Coordinate fuse clips furnished in equipment provided under other sections for 
compatibility with indicated fuses. 

2. Coordinate fuse requirements according to manufacturer's recommendations and 
nameplate data for actual equipment to be installed. 

3. Notify Architect/Engineer of any conflicts with or deviations from the contract documents. 
Obtain direction before proceeding with work. 

1.5 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

C. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 
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PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. Bussmann, a division of Eaton Corporation:  www.cooperindustries.com. 

B. Littelfuse, Inc:  www.littelfuse.com. 

C. Mersen:  ep-us.mersen.com. 

D. Or Engineer pre-approved equivalent. 

2.2 APPLICATIONS 

A. Individual Motor Branch Circuits:  Class RK5, time-delay. 

B. Primary Protection for Control Transformers:  Class CC, time-delay. 

2.3 FUSES 

A. Provide products listed, classified, and labeled as suitable for the purpose intended. 

B. Unless specifically indicated to be excluded, provide fuses for all fusible equipment as required 
for a complete operating system. 

C. Provide fuses of the same type, rating, and manufacturer within the same switch. 

D. Comply with UL 248-1. 

E. Unless otherwise indicated, provide cartridge type fuses complying with NEMA FU 1, Class 
and ratings as indicated. 

F. Voltage Rating:  Suitable for circuit voltage. 

G. Class R Fuses:  Comply with UL 248-12. 

H. Class CC Fuses:  Comply with UL 248-4. 

I. Selectivity:  Where the requirement for selectivity is indicated, furnish products as required to 
achieve selective coordination. 

J. Provide the following accessories where indicated or where required to complete installation: 

1. Fuseholders:  Compatible with indicated fuses. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that fuse ratings are consistent with circuit voltage and manufacturer's recommendations 
and nameplate data for equipment. 

B. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 INSTALLATION 

A. Do not install fuses until circuits are ready to be energized. 

B. Install fuses with label oriented such that manufacturer, type, and size are easily read. 

END OF SECTION 
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SECTION 26 2816.16  
ENCLOSED SWITCHES 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Enclosed safety switches. 

1.2 RELATED REQUIREMENTS 

A. Section 26 0526 - Grounding and Bonding for Electrical Systems. 

B. Section 26 0529 - Hangers and Supports for Electrical Systems. 

C. Section 26 0553 - Identification for Electrical Systems:  Identification products and 
requirements. 

D. Section 26 2813 - Fuses. 

1.3 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

B. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum) 2020. 

C. NEMA KS 1 - Heavy Duty Enclosed and Dead-Front Switches (600 Volts Maximum) 2013. 

D. NETA ATS - Standard For Acceptance Testing Specifications For Electrical Power Equipment 
And Systems 2021. 

E. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

F. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations Current 
Edition, Including All Revisions. 

G. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations Current Edition, 
Including All Revisions. 

H. UL 98 - Enclosed and Dead-Front Switches Current Edition, Including All Revisions. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Coordinate the work with other trades.  Avoid placement of ductwork, piping, equipment, 
or other potential obstructions within the dedicated equipment spaces and within working 
clearances for electrical equipment required by NFPA 70. 

2. Coordinate arrangement of electrical equipment with the dimensions and clearance 
requirements of the actual equipment to be installed. 

3. Verify with manufacturer that conductor terminations are suitable for use with the 
conductors to be installed. 

4. Notify Architect/Engineer of any conflicts with or deviations from the contract documents. 
Obtain direction before proceeding with work. 
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1.5 SUBMITTALS 

A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for enclosed 
switches and other installed components and accessories. 

B. Shop Drawings:  Indicate outline and support point dimensions, voltage and current ratings, 
short circuit current ratings, conduit entry locations, conductor terminal information, and 
installed features and accessories. 

1. Include dimensioned plan and elevation views of enclosed switches and adjacent 
equipment with all required clearances indicated. 

2. Include wiring diagrams showing all factory and field connections. 
C. Field Quality Control Test Reports. 

D. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of use 
stipulated by product testing agency.  Include instructions for storage, handling, protection, 
examination, preparation, installation, and starting of product. 

E. Project Record Documents:  Record actual locations of enclosed switches. 

F. Maintenance Data:  Include information on replacement parts and recommended maintenance 
procedures and intervals. 

1.6 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

D. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas 
or heavy plastic cover to protect units from dirt, water, construction debris, and traffic. 

B. Handle carefully in accordance with manufacturer's written instructions to avoid damage to 
enclosed switch internal components, enclosure, and finish. 

1.8 FIELD CONDITIONS 

A. Maintain ambient temperature between -22 degrees F and 104 degrees F during and after 
installation of enclosed switches. 

PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. Eaton Corporation:  www.eaton.com. 

B. Schneider Electric; Square D Products:  www.schneider-electric.us. 
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C. Siemens Industry, Inc:  www.usa.siemens.com. 

D. Or Engineer pre-approved equivalent. 

E. Source Limitations:  Furnish enclosed switches and associated components produced by the 
same manufacturer as the other electrical distribution equipment used for this project and 
obtained from a single supplier. 

2.2 ENCLOSED SAFETY SWITCHES 

A. Description:  Quick-make, quick-break enclosed safety switches listed and labeled as 
complying with UL 98; heavy duty; ratings, configurations, and features as indicated on the 
drawings. 

B. Provide products listed, classified, and labeled as suitable for the purpose intended. 

C. Unless otherwise indicated, provide products suitable for continuous operation under the 
following service conditions: 

1. Altitude:  Less than 6,600 feet. 
2. Ambient Temperature: Between -22 degrees F and 104 degrees F. 

D. Horsepower Rating:  Suitable for connected load. 

E. Voltage Rating:  Suitable for circuit voltage. 

F. Short Circuit Current Rating: 

1. Minimum Ratings: 

a. Switches Protected by Class H Fuses:  10,000 rms symmetrical amperes. 

b. Heavy Duty Single Throw Switches Protected by Class R, Class J, Class L, or Class 
T Fuses:  200,000 rms symmetrical amperes. 

c. Double Throw Switches Protected by Class R, Class J, or Class T Fuses:  100,000 
rms symmetrical amperes. 

G. Provide with switch blade contact position that is visible when the cover is open. 

H. Fuse Clips for Fusible Switches:  As required to accept fuses indicated. 

1. Where NEMA Class R fuses are installed, provide rejection feature to prevent installation 
of fuses other than Class R. 

I. Conductor Terminations:  Suitable for use with the conductors to be installed. 

J. Provide solidly bonded equipment ground bus in each enclosed safety switch, with a suitable 
lug for terminating each equipment grounding conductor. 

K. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E. 

1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the 
following installation locations: 

a. Indoor Clean, Dry Locations:  Type 12. 

b. Outdoor Locations:  Type 3R. 

L. Provide safety interlock to prevent opening the cover with the switch in the ON position with 
capability of overriding interlock for testing purposes. 
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M. Heavy Duty Switches: 

1. Comply with NEMA KS 1. 
2. Conductor Terminations: 

a. Provide mechanical lugs unless otherwise indicated. 

b. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors. 

3. Provide externally operable handle with means for locking in the OFF position, capable of 
accepting three padlocks. 

a. Provide means for locking handle in the ON position. 

N. Provide the following features and accessories where indicated or where required to complete 
installation: 

1. Hubs:  As required for environment type; sized to accept conduits to be installed. 
2. Auxiliary Switch:  SPDT switch suitable for connection to system indicated, with auxiliary 

contact operation before switch blades open and after switch blades close. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that field measurements are as indicated. 

B. Verify that the ratings of the enclosed switches are consistent with the indicated requirements. 

C. Verify that mounting surfaces are ready to receive enclosed safety switches. 

D. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Perform work in accordance with NECA 1 (general workmanship). 

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's 
instructions and NFPA 70. 

D. Provide required supports in accordance with Section 26 0529. 

E. Install enclosed switches plumb. 

F. Except where indicated to be mounted adjacent to the equipment they supply, mount enclosed 
switches such that the highest position of the operating handle does not exceed 79 inches 
above the floor or working platform. 

G. Provide grounding and bonding in accordance with Section 26 0526. 

H. Provide fuses complying with Section 26 2813 for fusible switches as indicated or as required 
by equipment manufacturer's recommendations. 

I. Where accessories are not self-powered, provide control power source as indicated or as 
required to complete installation. 

J. Identify enclosed switches in accordance with Section 26 0553. 
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3.3 FIELD QUALITY CONTROL 

A. Inspect and test in accordance with NETA ATS, except Section 4. 

B. Perform inspections and tests listed in NETA ATS, Section 7.5.1.1. 

C. Correct deficiencies and replace damaged or defective enclosed safety switches or associated 
components. 

3.4 ADJUSTING 

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended 
torque settings. 

3.5 CLEANING 

A. Clean dirt and debris from switch enclosures and components according to manufacturer's 
instructions. 

B. Repair scratched or marred exterior surfaces to match original factory finish. 

END OF SECTION 
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SECTION 26 2923  
VARIABLE-FREQUENCY MOTOR CONTROLLERS 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Variable frequency controllers. 

1.2 RELATED REQUIREMENTS 

A. Section 26 0529 - Hangers and Supports for Electrical Systems. 

B. Section 26 0553 - Identification for Electrical Systems:  Identification products and 
requirements. 

C. Section 26 2813 - Fuses. 

1.3 REFERENCE STANDARDS 

A. NEMA ICS 7.1 - Safety Standards for Construction and Guide for Selection, Installation, and 
Operation of Adjustable-Speed Drive Systems 2014. 

B. NEMA ICS 7 - Standard for Industrial Control and Systems: Adjustable-Speed Drives 2020. 

C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum) 2020. 

D. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems 
2017. 

E. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

1.4 SUBMITTALS 

A. Product Data:  Provide catalog sheets showing voltage, controller size, ratings and size of 
switching and overcurrent protective devices, short circuit ratings, dimensions, and enclosure 
details. 

B. Shop Drawings:  Indicate front and side views of enclosures with overall dimensions and 
weights shown; conduit entrance locations and requirements; and nameplate legends. 

C. Test Reports:  Indicate field test and inspection procedures and test results. 

D. Manufacturer's Instructions:  Indicate application conditions and limitations of use stipulated by 
testing agency.  Include instructions for storage, handling, protection, examination, preparation, 
and installation of product. 

E. Manufacturer's Field Reports:  Indicate start-up inspection findings. 

F. Operation Data:  NEMA ICS 7.1.  Include instructions for starting and operating controllers, and 
describe operating limits that may result in hazardous or unsafe conditions. 

G. Maintenance Data:  NEMA ICS 7.1.  Include routine preventive maintenance schedule. 

1.5 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Products:  Listed, classified, and labeled as suitable for the purpose intended. 
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C. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas 
or heavy plastic cover to protect units from dirt, water, construction debris, and traffic. 

B. Handle in accordance with manufacturer's written instructions.  Lift only with lugs provided for 
the purpose.  Handle carefully to avoid damage to components, enclosure, and finish. 

PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. Variable Frequency Motor Controllers: 

1. ABB/GE:  www.geindustrial.com/#sle. 
2. Danfoss:  www.danfoss.com/#sle. 
3. Eaton Corporation:  www.eaton.com/#sle. 
4. Rockwell Automation, Inc.; Allen-Bradley Products:  ab.rockwellautomation.com/#sle. 
5. Schneider Electric; Square D Products:  www.schneider-electric.us/#sle. 
6. Siemens Industry, Inc:  www.usa.siemens.com/#sle. 
7. Toshiba. 
8. Yaskanwa America. 
9. Or Engineer pre-approved equivalent. 

2.2 DESCRIPTION 

A. Variable Frequency Controllers:  Enclosed controllers suitable for operating the indicated 
loads, in conformance with requirements of NEMA ICS 7.  Select unspecified features and 
options in accordance with NEMA ICS 3.1. 

1. Employ pulse-width-modulated inverter system. 
2. Design to attempt five automatic restarts following fault condition before locking out and 

requiring manual restart. 
B. Enclosures:  NEMA 250, Type 1, suitable for equipment application in places regularly open to 

the public. 

C. Finish:  Manufacturer's standard enamel. 

2.3 OPERATING REQUIREMENTS 

A. Rated Input Voltage:  208 volts, three phase, 60 Hertz. 

B. Motor Nameplate Voltage:  230 volts, three phase, 60 Hertz. 

C. Displacement Power Factor:  Between 1.0 and 0.95, lagging, over entire range of operating 
speed and load. 
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D. Operating Ambient:  0 degrees C to 40 degrees C. 

E. Volts Per Hertz Adjustment:  Plus or minus 10 percent. 

F. Current Limit Adjustment:  60 to 110 percent of rated. 

G. Acceleration Rate Adjustment:  0.5 to 30 seconds. 

H. Deceleration Rate Adjustment:  1 to 30 seconds. 

I. Input Signal:  4 to 20 mA DC. 

2.4 COMPONENTS 

A. Display:  Provide integral digital display to indicate output voltage, output frequency, and output 
current. 

B. Status Indicators:  Separate indicators for overcurrent, overvoltage, ground fault, 
overtemperature, and input power ON. 

C. Furnish HAND-OFF-AUTOMATIC selector switch and manual speed control. 

D. Include undervoltage release. 

E. Control Power Source:  Integral control transformer. 

F. Safety Interlocks:  Furnish terminals for remote contact to inhibit starting under both manual 
and automatic mode. 

G. Control Interlocks:  Furnish terminals for remote contact to allow starting in automatic mode. 

H. Emergency Stop:  Use dynamic brakes for emergency stop function. 

I. Disconnecting Means:  Include integral circuit breaker on the line side of each controller. 

J. Wiring Terminations:  Match conductor materials and sizes indicated. 

K. Provide line reactors for units serving motor 10HP and greater. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that surface is suitable for controller installation. 

B. Do not install controller until building environment can be maintained within the service 
conditions required by the manufacturer. 

C. Verify that field measurements are as instructed by manufacturer. 

3.2 INSTALLATION 

A. Install in accordance with NEMA ICS 7.1 and manufacturer's instructions. 

B. Tighten accessible connections and mechanical fasteners after placing controller. 

3.3 FIELD QUALITY CONTROL 

A. Inspect and test in accordance with NETA ATS, except Section 4. 
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B. Perform inspections and tests listed in NETA ATS, Section 7.17. The insulation-resistance test 
on control wiring listed as optional is not required. 

3.4 ADJUSTING 

A. Make final adjustments to installed controller to assure proper operation of load 
system.  Obtain performance requirements from installer of driven loads. 

3.5 MAINTENANCE 

A. Provide warrant of controllers for one year from Date of Substantial Completion. 

END OF SECTION 
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SECTION 26 5100  
INTERIOR LIGHTING 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. Interior luminaires. 

B. Exit signs. 

C. Ballasts and drivers. 

D. Lamps. 

E. Luminaire accessories. 

1.2 RELATED REQUIREMENTS 

A. Section 26 0533.16 - Boxes for Electrical Systems. 

B. Section 26 0553 - Identification for Electrical Systems:  Identification products and 
requirements. 

C. Section 26 0923 - Lighting Control Devices:  Automatic controls for lighting including 
occupancy sensors, outdoor motion sensors, time switches, outdoor photo controls, and 
daylighting controls. 

D. Section 26 2726 - Wiring Devices:  Manual wall switches and wall dimmers. 

1.3 REFERENCE STANDARDS 

A. 47 CFR 15 - Radio Frequency Devices current edition. 

B. ANSI C82.11 - American National Standard for Lamp Ballasts - High Frequency Fluorescent 
Lamp Ballasts 2023. 

C. IEEE C62.41.2 - IEEE Recommended Practice on Characterization of Surges in Low-Voltage 
(1000 V and less) AC Power Circuits 2002 (Corrigendum 2012). 

D. IES LM-79 - Approved Method: Optical and Electrical Measurements of Solid-State Lighting 
Products 2019. 

E. IES LM-80 - Approved Method: Measuring Maintenance of Light Output Characteristics of 
Solid-State Light Sources 2021. 

F. NECA 1 - Standard for Good Workmanship in Electrical Construction 2015. 

G. NECA/IESNA 500 - Standard for Installing Indoor Lighting Systems 2006. 

H. NECA/IESNA 502 - Standard for Installing Industrial Lighting Systems 2006. 

I. NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic 
Drivers and Discharge Ballasts 2020. 

J. NEMA LE 4 - Recessed Luminaires, Ceiling Compatibility 2012 (Reaffirmed 2018). 

K. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

L. NFPA 101 - Life Safety Code Most Recent Edition Adopted by Authority Having Jurisdiction, 
Including All Applicable Amendments and Supplements. 
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M. UL 1598C - Light-Emitting Diode (LED) Retrofit Luminaire Conversion Kits Current Edition, 
Including All Revisions. 

N. UL 1598 - Luminaires Current Edition, Including All Revisions. 

O. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products Current Edition, 
Including All Revisions. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Coordinate the installation of luminaires with mounting surfaces installed under other 
sections or by others. Coordinate the work with placement of supports, anchors, etc. 
required for mounting. Coordinate compatibility of luminaires and associated trims with 
mounting surfaces at installed locations. 

2. Coordinate the placement of luminaires with structural members, ductwork, piping, 
equipment, diffusers, fire suppression system components, and other potential conflicts 
installed under other sections or by others. 

3. Coordinate the placement of exit signs with furniture, equipment, signage or other 
potential obstructions to visibility installed under other sections or by others. 

4. Notify Architect/Engineer of any conflicts or deviations from the contract documents to 
obtain direction prior to proceeding with work. 

1.5 SUBMITTALS 

A. Shop Drawings: 

1. Indicate dimensions and components for each luminaire that is not a standard product of 
the manufacturer. 

2. Provide photometric calculations where luminaires are proposed for substitution upon 
request. 

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets including 
detailed information on luminaire construction, dimensions, ratings, finishes, mounting 
requirements, listings, service conditions, photometric performance, installed accessories, and 
ceiling compatibility; include model number nomenclature clearly marked with all proposed 
features. 

1. LED Luminaires: 

a. Include estimated useful life, calculated based on IES LM-80 test data. 

b. Include IES LM-79 test report upon request. 

2. Ballasts:  Include wiring diagrams and list of compatible lamp configurations. 
3. Lamps:  Include rated life, color temperature, color rendering index (CRI), and initial and 

mean lumen output. 
C. Certificates for Dimming Ballasts:  Manufacturer's documentation of compatibility with dimming 

controls to be installed. 

D. Field quality control reports. 

E. Operation and Maintenance Data:  Instructions for each product including information on 
replacement parts. 
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F. Project Record Documents:  Record actual connections and locations of luminaires and any 
associated remote components. 

1.6 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

D. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.7 DELIVERY, STORAGE, AND PROTECTION 

A. Receive, handle, and store products according to NECA/IESNA 500 (commercial lighting), 
NECA/IESNA 502 (industrial lighting), and manufacturer's written instructions. 

B. Keep products in original manufacturer's packaging and protect from damage until ready for 
installation. 

1.8 FIELD CONDITIONS 

A. Maintain field conditions within manufacturer's required service conditions during and after 
installation. 

1.9 WARRANTY 

A. Provide five year manufacturer warranty for all LED luminaires, including drivers. 

PART 2  PRODUCTS 

2.1 LUMINAIRE TYPES 

A. Furnish products as indicated in luminaire schedule included on the drawings. 

2.2 LUMINAIRES 

A. Provide products that comply with requirements of NFPA 70. 

B. Provide products that are listed and labeled as complying with UL 1598, where applicable. 

C. Provide products listed, classified, and labeled as suitable for the purpose intended. 

D. Unless otherwise indicated, provide complete luminaires including lamp(s) and all sockets, 
ballasts, reflectors, lenses, housings and other components required to position, energize and 
protect the lamp and distribute the light. 

E. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring, 
connectors, hardware, supports, trims, accessories, etc. as necessary for a complete operating 
system. 

F. Provide products suitable to withstand normal handling, installation, and service without any 
damage, distortion, corrosion, fading, discoloring, etc. 
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G. Recessed Luminaires: 

1. Ceiling Compatibility:  Comply with NEMA LE 4. 
2. Luminaires Recessed in Insulated Ceilings:  Listed and labeled as IC-rated, suitable for 

direct contact with insulation and combustible materials. 
3. Luminaires Recessed in Sloped Ceilings:  Provide suitable sloped ceiling adapters. 

H. LED Luminaires: 

1. Components:  UL 8750 recognized or listed as applicable. 
2. Tested in accordance with IES LM-79 and IES LM-80. 
3. LED Estimated Useful Life:  Minimum of 50,000 hours at 70 percent lumen maintenance, 

calculated based on IES LM-80 test data. 

2.3 EXIT SIGNS 

A. Description:  Internally illuminated exit signs with LEDs unless otherwise indicated; complying 
with NFPA 101 and all applicable state and local codes, and listed and labeled as complying 
with UL 924. 

1. Number of Faces:  Single or double as indicated or as required for the installed location. 
2. Directional Arrows:  As indicated or as required for the installed location. 

B. Self-Powered Exit Signs: 

1. Operation:  Upon interruption of normal power source or brownout condition exceeding 20 
percent voltage drop from nominal, solid-state control automatically switches connected 
lamps to integral battery power for minimum of 90 minutes of rated emergency 
illumination, and automatically recharges battery upon restoration of normal power 
source. 

2. Battery:  Sealed maintenance-free nickel cadmium unless otherwise indicated. 
3. Diagnostics:  Provide power status indicator light and accessible integral test switch to 

manually activate emergency operation. 
4. Provide low-voltage disconnect to prevent battery damage from deep discharge. 
5. Self-Diagnostics:  Provide units that self-monitor functionality and automatically perform 

testing required by NFPA 101; provide indicator light(s) to report test and diagnostic 
status. 

2.4 BALLASTS AND DRIVERS 

A. Ballasts/Drivers - General Requirements: 

1. Provide ballasts containing no polychlorinated biphenyls (PCBs). 
2. Minimum Efficiency/Efficacy:  Provide ballasts complying with all current applicable 

federal and state ballast efficiency/efficacy standards. 
3. Electronic Ballasts/Drivers:  Inrush currents not exceeding peak currents specified in 

NEMA 410. 
4. Operate for at least 50,000 hours at maximum case temperature and 90 percent non-

condensing relative humidity. 
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5. Provide thermal fold-back protection by automatically reducing power output (dimming) to 
protect LED driver and LED light engine/fixture from damage due to over-temperature 
conditions that approach or exceed the LED driver's maximum operating temperature at 
calibration point. 

6. Provide integral recording of operating hours and maximum operating temperature to aid 
in troubleshooting and warranty claims. 

7. Designed and tested to withstand electrostatic discharges incurred during manufacturing, 
installation, or field troubleshooting without impairment of performance when tested 
according to IEC 61000-4-2. 

8. Manufactured in a facility that employs ESD reduction practices in compliance with 
ANSI/ESD S20.20. 

9. UL 8750 recognized or listed as applicable. 
10. NRTL Type TL rated where possible to allow for easier fixture evaluation and listing of 

different driver series. 
11. UL 1598C listed for field replacement as applicable. 
12. Designed and tested to withstand Category A surges of 4,000 V according to IEEE 

C62.41.2 without impairment of performance. 
13. Class A sound rating; inaudible in a 27 dBA ambient. 
14. Demonstrate no visible change in light output with a variation of plus or minus 10 percent 

change in line-voltage input. 
15. LED drivers of the same family/series to track evenly across multiple fixtures at all light 

levels. 
16. Employ integral fault protection up to 277 V to prevent LED driver damage or failure in the 

event of incorrect application of line-voltage to communication link inputs. 
B. LED Drivers 

1. Operate from input voltage of 120 V through 277 V at 50/60 Hz. 
2. Complies with FCC requirements of 47 CFR 15, for commercial applications at 120-277 V 

and residential applications at 120 V. 
3. Total Harmonic Distortion (THD):  Less than 20 percent at maximum power; complies with 

ANSI C82.11. 
4. Class 2 output designed to withstand hot swap of LED loads; meets UL 1310 and CSA 

C22.2 No. 223. 
5. Driver outputs to be short circuit protected, open circuit protected, and overload protected. 

2.5 LAMPS 

A. Lamps - General Requirements: 

1. Unless explicitly excluded, provide new, compatible, operable lamps in each luminaire. 
2. Verify compatibility of specified lamps with luminaires to be installed. Where lamps are 

not specified, provide lamps per luminaire manufacturer's recommendations. 
3. Minimum Efficiency:  Provide lamps complying with all current applicable federal and 

state lamp efficiency standards. 



 
WRC Decentralization Phase 3 
IDAS Project # 9279.30
SH Project # 2142203394  

Interior Lighting 
26 5100 - 6  

Issued for Bid 
01-11-2024   

4. Color Temperature Consistency:  Unless otherwise indicated, for each type of lamp 
furnish products which are consistent in perceived color temperature. Replace lamps that 
are determined by the Architect/Engineer to be inconsistent in perceived color 
temperature. 

2.6 ACCESSORIES 

A. Stems for Suspended Luminaires:  Steel tubing, minimum 1/2" size, factory finished to match 
luminaire or field-painted as directed. 

B. Threaded Rods for Suspended Luminaires:  Zinc-plated steel, minimum 1/4" size, field-painted 
as directed. 

PART 3  EXECUTION 

3.1 EXAMINATION 

A. Verify that field measurements are as indicated. 

B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and 
are properly sized to accommodate conductors in accordance with NFPA 70. 

C. Verify that suitable support frames are installed where required. 

D. Verify that branch circuit wiring installation is completed, tested, and ready for connection to 
luminaires. 

E. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 PREPARATION 

A. Provide extension rings to bring outlet boxes flush with finished surface. 

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes. 

3.3 INSTALLATION 

A. Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for 
installation of luminaires provided under this section. 

B. Install products in accordance with manufacturer's instructions. 

C. Install luminaires securely, in a neat and workmanlike manner, as specified in NECA 500 
(commercial lighting) and NECA 502 (industrial lighting). 

D. Install luminaires plumb and square and aligned with building lines and with adjacent 
luminaires. 

E. Suspended Ceiling Mounted Luminaires: 

1. Do not use ceiling tiles to bear weight of luminaires. 
2. Do not use ceiling support system to bear weight of luminaires unless ceiling support 

system is certified as suitable to do so. 
3. Secure surface-mounted and pendant-mounted luminaires to building structure. 
4. Secure lay-in luminaires to ceiling support channels using listed safety clips at four 

corners. 
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5. In addition to ceiling support wires, provide two galvanized steel safety wire(s), minimum 
12 gage, connected from opposing corners of each recessed luminaire to building 
structure. 

6. See appropriate Division 9 section where suspended grid ceiling is specified for additional 
requirements. 

F. Recessed Luminaires: 

1. Install trims tight to mounting surface with no visible light leakage. 
2. Luminaires Recessed in Fire-Rated Ceilings:  Install using accessories and firestopping 

materials to meet regulatory requirements for fire rating. 
G. Suspended Luminaires: 

1. Unless otherwise indicated, specified mounting heights are to bottom of luminaire. 
2. Install using the suspension method indicated, with support lengths and accessories as 

required for specified mounting height. 
3. Provide minimum of two supports for each luminaire equal to or exceeding 4 feet nominal 

length, with no more than 4 feet between supports. 
4. Unless otherwise indicated, support pendants from swivel hangers. 

H. Install accessories furnished with each luminaire. 

I. Bond products and metal accessories to branch circuit equipment grounding conductor. 

J. Fluorescent Luminaires Controlled by Dual-Level Switching:  Connect such that each switch 
controls the same corresponding lamps in each luminaire. 

K. Exit Signs: 

1. Unless otherwise indicated, connect unit to unswitched power from same circuit feeding 
normal lighting in same room or area. Bypass local switches, contactors, or other lighting 
controls. 

3.4 FIELD QUALITY CONTROL 

A. Inspect each product for damage and defects. 

B. Operate each luminaire after installation and connection to verify proper operation. 

C. Test fluorescent emergency power supply units to verify proper operation upon loss of normal 
power supply. 

D. Correct wiring deficiencies and repair or replace damaged or defective products. Repair or 
replace excessively noisy ballasts as determined by Architect/Engineer. 

3.5 ADJUSTING 

A. Aim and position adjustable luminaires to achieve desired illumination as indicated or as 
directed by Architect/Engineer. Secure locking fittings in place. 

B. Exit Signs with Field-Selectable Directional Arrows:  Set as indicated or as required to properly 
designate egress path as directed by Architect/Engineer or authority having jurisdiction. 
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3.6 CLEANING 

A. Clean surfaces according to NECA 500 (commercial lighting), NECA 502 (industrial lighting), 
and manufacturer's instructions to remove dirt, fingerprints, paint, or other foreign material and 
restore finishes to match original factory finish. 

3.7 CLOSEOUT ACTIVITIES 

A. Just prior to Substantial Completion, replace all lamps that have failed. 

3.8 PROTECTION 

A. Protect installed luminaires from subsequent construction operations. 

END OF SECTION 
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SECTION 27 1300  
  COMMUNICATIONS BACKBONE CABLING 

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. 62.5/125-micrometer, optical fiber cabling. 

1.3 DEFINITIONS 

A. BICSI:  Building Industry Consulting Service International. 

B. EMI:  Electromagnetic interference. 

C. IDC:  Insulation displacement connector. 

D. LAN:  Local area network. 

E. RCDD:  Registered Communications Distribution Designer. 

1.4 PERFORMANCE REQUIREMENTS 

A. General Performance:  Backbone cabling system shall comply with transmission standards in 
TIA/EIA-568-B.1, when tested according to test procedures of this standard. 

1.5 ACTION SUBMITTALS 

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

1. For fiber optic cable, include the following installation data for each type used: 

a. Nominal OD. 

b. Minimum bending radius. 

c. Maximum pulling tension. 

1.6 CLOSEOUT SUBMITTALS 

A. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 
2. Program Software Backup:  On magnetic media or compact disk, complete with data files. 
3. Device address list. 
4. Printout of software application and graphic screens. 
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1.7 DELIVERY, STORAGE, AND HANDLING 

A. Test cables upon receipt at Project site. 

1. Test optical fiber cable to determine the continuity of the strand end to end.  Use optical 
fiber flashlight. 

PART 2  PRODUCTS 

2.1 PATHWAYS 

A. General Requirements:  Comply with TIA/EIA-569-A. 

B. Cable Support:  NRTL labeled for support of Category 6 cabling, designed to prevent 
degradation of cable performance and pinch points that could damage cable. 

1. Support brackets with cable tie slots for fastening cable ties to brackets. 
2. Lacing bars, spools, J-hooks, and D-rings. 
3. Straps and other devices. 

2.2 OPTICAL FIBER CABLE 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Belden Inc. 
2. Berk-Tek; a Nexans company. 
3. CommScope, Inc. 
4. Corning Cable Systems. 
5. General Cable Technologies Corporation. 
6. Hubbell Premise Wiring 
7. Hitachi Cable America, Inc. 
8. Mohawk; a division of Belden CDT. 
9. Optical Connectivity Solutions Division; Emerson Network Power. 
10. Optical Cable Corporation. 
11. Or engineer pre-approved equivalent. 

B. Description:  Multimode, 62.5/125-micrometer, 48-fiber, tight buffer, optical fiber cable. 

1. Comply with ICEA S-83-596 for mechanical properties. 
2. Comply with TIA/EIA-568-B.3 for performance specifications.  Provide OM4. 
3. Comply with TIA/EIA-492AAAA-B for detailed specifications. 
4. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying 

with UL 444, UL 1651, and NFPA 70 for the following types: 

a. Plenum Rated, Nonconductive:  Type OFNP, complying with NFPA 262. 

5. Maximum Attenuation:  3.50 dB/km at 850 nm; 1.5 dB/km at 1300 nm. 
6. Minimum Modal Bandwidth:  160 MHz-km at 850 nm; 500 MHz-km at 1300 nm. 
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C. Jacket: 

1. Jacket Color:  Aqua for 50/125-micrometer cable. 
2. Cable cordage jacket, fiber, unit, and group color shall be according to TIA/EIA-598-B. 
3. Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to 

exceed 40 inches (1000 mm). 

2.3 OPTICAL FIBER CABLE HARDWARE 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Belden CDT Inc.; Electronics Division. 
2. Comscope Inc 
3. Ortronics; a subsidiary of Legrand. 
4. Optical Cable Corporation. 
5. Panduit Corp. 
6. Siemon Co. (The). 
7. Signamax. 
8. Or Engineer pre-approved equivalent. 

B. Cross-Connects and Patch Panels:  Modular panels housing multiple-numbered, duplex cable 
connectors. 

1. Number of Connectors per Field:  One for each fiber of cable or cables assigned to field, 
plus spares and blank positions adequate to suit specified expansion criteria. 

C. Patch Cords:  Factory-made, dual-fiber cables in 36-inch (900-mm) lengths. 

D. Cable Connecting Hardware: 

1. Comply with Optical Fiber Connector Intermateability Standards (FOCIS) specifications of 
TIA/EIA-604-2, TIA/EIA-604-3-A, and TIA/EIA-604-12.  Comply with TIA/EIA-568-B.3. 

2. Quick-connect, simplex and duplex, Type SC connectors.  Insertion loss not more than 
0.75 dB. 

3. Type SFF connectors may be used in termination racks, panels, and equipment 
packages. 

2.4 IDENTIFICATION PRODUCTS 

A. Comply with TIA/EIA-606-B and UL 969 for a system of labeling materials, including label 
stocks, laminating adhesives, and inks used by label printers. 

2.5 SOURCE QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to evaluate cables. 

B. Factory test cables on reels according to TIA/EIA-568-B.1. 

C. Factory test multimode optical fiber cables according to TIA/EIA-526-14-A and TIA/EIA-568-
B.3. 

D. Cable will be considered defective if it does not pass tests and inspections. 
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E. Prepare test and inspection reports. 

PART 3  EXECUTION 

3.1 INSTALLATION OF CABLES 

A. Comply with NECA 1. 

B. Optical Fiber Cable Installation: 

1. Comply with TIA/EIA-568-B.3. 
2. Cable may be terminated on connecting hardware that is rack or cabinet mounted. 

C. Open-Cable Installation: 

1. Install cabling with horizontal and vertical cable guides in telecommunications spaces with 
terminating hardware and interconnection equipment. 

2. Suspend UTP cable not in a wireway or pathway, a minimum of 8 inches (200 mm) above 
ceilings by cable supports not more than 60 inches (1524 mm) apart. 

3. Cable shall not be run through structural members or in contact with pipes, ducts, or other 
potentially damaging items. 

3.2 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Visually inspect UTP and optical fiber jacket materials for NRTL certification 
markings.  Inspect cabling terminations in communications equipment rooms for 
compliance with color-coding for pin assignments, and inspect cabling connections for 
compliance with TIA/EIA-568-B.1. 

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment 
and patch cords, and labeling of all components. 

3. Optical Fiber Cable Tests: 

a. Test instruments shall meet or exceed applicable requirements in TIA/EIA-568-
B.1.  Use only test cords and adapters that are qualified by test equipment 
manufacturer for channel or link test configuration. 

b. Link End-to-End Attenuation Tests: 

1) Horizontal and multimode backbone link measurements:  Test at 850 or 1300 
nm in 1 direction according to TIA/EIA-526-14-A, Method B, One Reference 
Jumper. 

2) Attenuation test results for backbone links shall be less than 2.0 
dB.  Attenuation test results shall be less than that calculated according to 
equation in TIA/EIA-568-B.1. 

C. Data for each measurement shall be documented.  Data for submittals shall be printed in a 
summary report that is formatted similar to Table 10.1 in BICSI TDMM, or transferred from the 
instrument to the computer, saved as text files, and printed and submitted. 
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D. Remove and replace cabling where test results indicate that they do not comply with specified 
requirements. 

E. End-to-end cabling will be considered defective if it does not pass tests and inspections. 

F. Prepare test and inspection reports. 

END OF SECTION 
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SECTION 28 0513  
  CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND SECURITY 

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. Low-voltage control cabling. 
2. Control-circuit conductors. 
3. Fire alarm wire and cable. 
4. Identification products. 

1.3 DELIVERY, STORAGE, AND HANDLING 

A. Test cables upon receipt at Project site. 

1.4 FIELD CONDITIONS 

A. Do not install conductors and cables that are wet, moisture damaged, or mold damaged. 

1. Indications that wire and cables are wet or moisture damaged include, but are not limited 
to, discoloration and sagging of factory packing materials. 

B. Environmental Limitations:  Do not deliver or install UTP, optical fiber, and coaxial cables and 
connecting materials until wet work in spaces is complete and dry, and temporary HVAC 
system is operating and maintaining ambient temperature and humidity conditions at 
occupancy levels during the remainder of the construction period. 

PART 2  PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Surface-Burning Characteristics:  Comply with ASTM E 84; testing by a qualified testing 
agency.  Identify products with appropriate markings of applicable testing agency. 

1. Flame-Spread Index:  25 or less. 
2. Smoke-Developed Index:  50 or less. 

B. 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. 

2.2 LOW-VOLTAGE CONTROL CABLE 

A. Plenum-Rated, Paired Cable:  NFPA 70, Type CMP. 

1. One pair, twisted, No. 16 AWG, stranded (19x29) tinned copper conductors. 
2. PVC insulation. 
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3. Unshielded. 
4. PVC jacket. 
5. Flame Resistance:  Comply with NFPA 262. 

2.3 CONTROL-CIRCUIT CONDUCTORS 

A. Class 1 Control Circuits:  Stranded copper, Type THHN-THWN, complying with UL 83, in 
raceway. 

B. Class 2 Control Circuits:  Stranded copper, Type THHN-THWN, complying with UL 83, in 
raceway. 

C. Class 3 Remote-Control and Signal Circuits:  Stranded copper, Type TW or TF, complying with 
UL 83. 

2.4 FIRE ALARM WIRE AND CABLE 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following: 

1. Belden 
2. Draka Cableteq USA. 
3. General Cable - Carol Brand. 
4. Genesis Cable Products; Honeywell International, Inc. 
5. Rockbestos-Suprenant Cable Corp. 
6. West Penn. 
7. Or Engineer pre-approved equal 

B. General Wire and Cable Requirements:  NRTL listed and labeled as complying with NFPA 70, 
Article 760. 

C. Signaling Line Circuits:  Twisted, shielded pair, No. 18 AWG. 

D. Non-Power-Limited Circuits:  Solid-copper conductors with 600-V rated, 75 deg C, color-coded 
insulation. 

1. Line-Voltage Circuits:  No. 12 AWG, minimum. 
2. Multiconductor Armored Cable:  NFPA 70, Type MC, copper conductors, Type 

TFN/THHN conductor insulation, copper drain wire, copper armor with red identifier stripe, 
NTRL listed for fire alarm and cable tray installation, plenum rated, and complying with 
requirements in UL 2196 for a 2-hour rating. 

2.5 IDENTIFICATION PRODUCTS 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems." 

2.6 SOURCE QUALITY CONTROL 

A. Cable will be considered defective if it does not pass tests and inspections. 

B. Prepare test and inspection reports. 
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PART 3  EXECUTION 

3.1 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements in Section 26 0529 "Hangers and Supports for Electrical Systems" 
for installation of supports for cables. 

3.2 WIRING METHOD 

A. Install wiring in metal pathways and wireways. 

1. Minimum conduit size shall be 3/4 inch (21 mm).  Control and data transmission wiring 
shall not share conduit with other building wiring systems. 

B. Install cable, concealed in accessible ceilings, walls, and floors when possible. 

C. Wiring within Enclosures: 

1. Bundle, lace, and train conductors to terminal points with no excess and without 
exceeding manufacturer's limitations on bending radii. 

2. Install lacing bars and distribution spools. 
3. Separate power-limited and non-power-limited conductors as recommended in writing by 

manufacturer. 
4. Install conductors parallel with or at right angles to sides and back of enclosure. 
5. Connect conductors that are terminated, spliced, or interrupted in any enclosure 

associated with intrusion system to terminal blocks. 
6. Mark each terminal according to system's wiring diagrams. 
7. Make all connections with approved crimp-on terminal spade lugs, pressure-type terminal 

blocks, or plug connectors. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Comply with NECA 1. 

B. Conductors:  Size according to system manufacturer's written instructions unless otherwise 
indicated. 

C. General Requirements for Cabling: 

1. Terminate all conductors; no cable shall contain unterminated elements.  Make 
terminations only at indicated outlets, terminals, and cross-connect and patch panels. 

2. Cables may not be spliced.  Secure and support cables at intervals not exceeding 30 
inches (760 mm) and not more than 6 inches (150 mm) from cabinets, boxes, fittings, 
outlets, racks, frames, and terminals. 

3. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's 
limitations on bending radii, but not less than radii specified in BICSI ITSIM, "Cabling 
Termination Practices" Chapter.  Install lacing bars and distribution spools. 

4. Do not install bruised, kinked, scored, deformed, or abraded cable.  Do not splice cable 
between termination, tap, or junction points.  Remove and discard cable if damaged 
during installation and replace it with new cable. 

5. Pulling Cable:  Comply with BICSI ITSIM, Ch. 4, "Pulling Cable."  Monitor cable pull 
tensions. 
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3.4 FIRE ALARM WIRING INSTALLATION 

A. Comply with NECA 1 and NFPA 72. 

B. Wiring Method:  Install wiring in metal raceway according to Section 28 0528 "Pathways for 
Electronic Safety and Security." 

1. Install plenum cable in environmental air spaces, including plenum ceilings. 
C. Wiring Method: 

1. Cables and raceways used for fire alarm circuits, and equipment control wiring associated 
with the fire alarm system, may not contain any other wire or cable. 

2. Signaling Line Circuits:  Power-limited fire alarm cables shall not be installed in the same 
cable or raceway as signaling line circuits. 

D. Wiring within Enclosures:  Separate power-limited and non-power-limited conductors as 
recommended by manufacturer.  Install conductors parallel with or at right angles to sides and 
back of the enclosure.  Bundle, lace, and train conductors to terminal points with no 
excess.  Connect conductors that are terminated, spliced, or interrupted in any enclosure 
associated with the fire alarm system to terminal blocks.  Mark each terminal according to the 
system's wiring diagrams.  Make all connections with approved crimp-on terminal spade lugs, 
pressure-type terminal blocks, or plug connectors. 

E. Color-Coding:  Color-code fire alarm conductors differently from the normal building power 
wiring.  Use one color-code for alarm circuit wiring and another for supervisory circuits.  Color-
code audible alarm-indicating circuits differently from alarm-initiating circuits.  Use different 
colors for visible alarm-indicating devices.  Paint fire alarm system junction boxes and covers 
red. 

F. Wiring to Remote Alarm Transmitting Device:  1-inch (25-mm) conduit between the fire alarm 
control panel and the transmitter.  Install number of conductors and electrical supervision for 
connecting wiring as needed to suit monitoring function. 

3.5 POWER AND CONTROL-CIRCUIT CONDUCTORS 

A. 120-V Power Wiring:  Install according to Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables" unless otherwise indicated. 

3.6 CONNECTIONS 

A. Comply with requirements in Section 283111 "Digital, Addressable Fire-Alarm System for 
connecting, terminating, and identifying wires and cables. 

3.7 FIRESTOPPING 

A. Comply with requirements in Section 078400 "Firestopping." 

3.8 GROUNDING 

A. For low-voltage wiring and cabling, comply with requirements in Section 260526 "Grounding 
and Bonding for Electrical Systems." 
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3.9 IDENTIFICATION 

A. Identify system components, wiring, and cabling complying with TIA/EIA-606-A.  Comply with 
requirements for identification specified in Section 260553 "Identification for Electrical 
Systems." 

3.10 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Visually inspect cable placement, cable termination, grounding and bonding, equipment 
and patch cords, and labeling of all components. 

B. Document data for each measurement.  Print data for submittals in a summary report that is 
formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument 
to the computer, save as text files, print, and submit. 

C. End-to-end cabling will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

END OF SECTION 
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SECTION 28 0528  
  PATHWAYS FOR ELECTRONIC SAFETY AND SECURITY 

PART 1  GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits, tubing, and fittings. 
2. Boxes, enclosures, and cabinets. 

PART 2  PRODUCTS 

2.1 METAL CONDUITS, TUBING, AND FITTINGS 

A. General Requirements for Metal Conduits and Fittings: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

B. GRC:  Comply with ANSI C80.1 and UL 6. 

C. IMC:  Comply with ANSI C80.6 and UL 1242. 

D. EMT:  Comply with ANSI C80.3 and UL 797. 

E. LFMC:  Flexible steel conduit with PVC jacket and complying with UL 360. 

F. Fittings for Metal Conduit:  Comply with NEMA FB 1 and UL 514B. 

1. Fittings for EMT: 

a. Material:  Steel or die cast. 

b. Type:  Setscrew or compression. 

2. Expansion Fittings:  PVC or steel to match conduit type, complying with UL 467, rated for 
environmental conditions where installed, and including flexible external bonding jumper. 

G. Joint Compound for IMC, GRC, or ARC:  Approved, as defined in NFPA 70, by authorities 
having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and 
protect threaded conduit joints from corrosion and to enhance their conductivity. 

2.2 BOXES, ENCLOSURES, AND CABINETS 

A. Manufacturers: Subject to compliance with requirements, provide products by the following: 

1. Engineer Pre-Approved Equivalent. 
B. General Requirements for Boxes, Enclosures, and Cabinets: 

1. Boxes, enclosures and cabinets installed in wet locations shall be listed for use in wet 
locations. 
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C. Sheet-Metal Outlet and Device Boxes:  Comply with NEMA OS 1 and UL 514A. 

D. Cast-Metal Outlet and Device Boxes:  Comply with NEMA FB 1, ferrous alloy, Type FD, with 
gasketed cover. 

E. Box extensions used to accommodate new building finishes shall be of same material as 
recessed box. 

F. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1. 

G. Cast-Metal Access, Pull, and Junction Boxes:  Comply with NEMA FB 1 and UL 1773, cast 
aluminum with gasketed cover. 

H. Device Box Dimensions:  4-inches square by 2-1/8 inches deep (100 mm square by 60 mm 
deep). 

I. Gangable boxes are prohibited. 

J. Hinged-Cover Enclosures:  Comply with UL 50 and NEMA 250, Type 1 with continuous-hinge 
cover with flush latch unless otherwise indicated. 

1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel. 
2. Interior Panels:  Steel; all sides finished with manufacturer's standard enamel. 

K. Cabinets: 

1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable 
front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 

PART 3  EXECUTION 

3.1 PATHWAY APPLICATION 

A. Outdoors:  Apply pathway products as specified below unless otherwise indicated: 

1. Exposed Conduit:  GRC. 
2. Concealed Conduit, Aboveground:  IMC. 
3. Underground Conduit:  RNC, Type EPC-80-PVC, direct buried. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFMC. 
5. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R. 

B. Indoors:  Apply pathway products as specified below unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage:  EMT. 
2. Exposed, Not Subject to Severe Physical Damage:  EMT. 
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3. Exposed and Subject to Severe Physical Damage:  GRC.  Pathway locations include the 
following: 

a. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units. 

b. Mechanical rooms. 

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric-Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet 
locations. 

6. Damp or Wet Locations:  GRC. 
7. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4 stainless 

steel in institutional and commercial kitchens and damp or wet locations. 
C. Minimum Pathway Size Indoor:  3/4-inch (21-mm) trade size.  Minimum size for optical-fiber 

cables is 1 inch (27 mm). 

D. Minimum Pathway Size Outdoor:  1-inch (27-mm) trade size.  Minimum size for optical-fiber 
cables is 1 inch (27 mm 

E. Pathway Fittings:  Compatible with pathways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings unless 
otherwise indicated.  Comply with NEMA FB 2.10. 

2. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings listed for use with this type 
of conduit.  Patch and seal all joints, nicks, and scrapes in PVC coating after installing 
conduits and fittings.  Use sealant recommended by fitting manufacturer and apply in 
thickness and number of coats recommended by manufacturer. 

3. EMT:  Use setscrew or compression, cast-metal fittings.  Comply with NEMA FB 2.10. 
4. Flexible Conduit:  Use only fittings listed for use with flexible conduit.  Comply with NEMA 

FB 2.20. 

3.2 INSTALLATION 

A. Comply with NECA 1, NECA 101, and TIA-569-B for installation requirements except where 
requirements on Drawings or in this article are stricter.  Comply with NECA 102 for aluminum 
pathways.  Comply with NFPA 70 limitations for types of pathways allowed in specific 
occupancies and number of floors. 

B. Keep pathways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-
water pipes.  Install horizontal pathway runs above water and steam piping. 

C. Complete pathway installation before starting conductor installation. 

D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" 
for hangers and supports. 

E. Arrange stub-ups so curved portions of bends are not visible above finished slab. 

F. Install no more than the equivalent of three 90-degree bends in any conduit run except for 
communications wiring conduits for which only two 90-degree bends are allowed.  Support 
within 12 inches (300 mm) of changes in direction. 

G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise 
indicated.  Install conduits parallel or perpendicular to building lines. 



 
WRC Decentralization Phase 3 
IDAS Project # 9279.30
SH Project # 2142203394  

Pathways for Electronic Safety 
and Security 
28 0528 - 4  

Issued for Bid 
01-11-2024   

H. Support conduit within 12 inches (300 mm) of enclosures to which attached. 

I. Stub-ups to Above Accessible Ceilings: 

1. Use EMT, IMC, or RMC for pathways. 
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 

in an enclosure. 
J. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply 

listed compound to threads of pathway and fittings before making up joints.  Follow compound 
manufacturer's written instructions. 

K. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of 
boxes or cabinets.  Install insulated bushings on conduits terminated with locknuts. 

L. Install pathways square to the enclosure and terminate at enclosures with locknuts.  Install 
locknuts hand tight plus 1/4 turn more. 

M. Do not rely on locknuts to penetrate nonconductive coatings on enclosures.  Remove coatings 
in the locknut area prior to conduit assembly to assure a continuous ground path. 

N. Cut conduit perpendicular to the length.  For conduits of 2-inch (53-mm) trade size and larger, 
use roll cutter or a guide to ensure cut is straight and perpendicular to the length. 

O. Install pull wires in empty pathways.  Use polypropylene or monofilament plastic line with not 
less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each 
end of pull wire.  Cap underground pathways designated as spare above grade alongside 
pathways in use. 

P. Install pathway sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound.  For concealed pathways, install each fitting in a flush steel box with 
a blank cover plate having a finish similar to that of adjacent plates or surfaces.  Install 
pathway sealing fittings according to NFPA 70. 

Q. Install devices to seal pathway interiors at accessible locations.  Locate seals so no fittings or 
boxes are between the seal and the following changes of environments.  Seal the interior of all 
pathways at the following points: 

1. Where an underground service pathway enters a building or structure. 
2. Where otherwise required by NFPA 70. 

R. Flexible Conduit Connections:  Comply with NEMA RV 3.  Use maximum of 72 inches (1830 
mm) of flexible conduit for equipment subject to vibration, noise transmission, or movement; 
and for transformers and motors. 

1. Use LFMC in damp or wet locations subject to severe physical damage. 
S. Mount boxes at heights indicated on Drawings.  If mounting heights of boxes are not 

individually indicated, give priority to ADA requirements.  Install boxes with height measured to 
center of box unless otherwise indicated. 

T. Recessed Boxes in Masonry Walls:  Saw-cut opening for box in center of cell of masonry 
block, and install box flush with surface of wall.  Prepare block surface to provide a flat surface 
for a raintight connection between box and cover plate or supported equipment and box. 

U. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same 
vertical channel. 
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V. Support boxes of three gangs or more from more than one side by spanning two framing 
members or mounting on brackets specifically designed for the purpose. 

W. Fasten junction and pull boxes to or support from building structure.  Do not support boxes by 
conduits. 

3.3 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies.  Comply with 
requirements in Section 078400 "Firestopping." 

3.4 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer. 
END OF SECTION 
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SECTION 28 3111  
  DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM 

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. See Division 01 for 
submittal procedures, quality requirements, alterations of work, and closeout requirements. 

1.2 SUMMARY 

A. Section Includes: 

1. Fire-alarm control unit. 
2. Manual fire-alarm boxes. 
3. System smoke detectors. 
4. Heat detectors. 
5. Notification appliances. 
6. Remote annunciator. 
7. Addressable interface device. 
8. Digital alarm communicator transmitter. 

1.3 DEFINITIONS 

A. LED:  Light-emitting diode. 

B. NICET:  National Institute for Certification in Engineering Technologies. 

1.4 SYSTEM DESCRIPTION 

A. Noncoded addressable system, with automatic sensitivity control of certain smoke detectors 
and multiplexed signal transmission, dedicated to fire-alarm service only. 

1.5 ACTION SUBMITTALS 

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

B. Shop Drawings:  For fire-alarm system.  Include plans, elevations, sections, details, and 
attachments to other work. 

1. Comply with recommendations in the "Documentation" Section of the "Fundamentals of 
Fire Alarm Systems" Chapter in NFPA 72. 

2. Include voltage drop calculations for notification appliance circuits. 
3. Include battery-size calculations. 
4. Include performance parameters and installation details for each detector, verifying that 

each detector is listed for complete range of air velocity, temperature, and humidity 
possible when air-handling system is operating. 
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5. Include plans, sections, and elevations of heating, ventilating, and air-conditioning ducts, 
drawn to scale and coordinating installation of duct smoke detectors and access to 
them.  Show critical dimensions that relate to placement and support of sampling tubes, 
detector housing, and remote status and alarm indicators.  Locate detectors according to 
manufacturer's written recommendations. 

C. General Submittal Requirements: 

1. Submittals shall be approved by authorities having jurisdiction prior to submitting them to 
Architect. 

2. Shop Drawings shall be prepared under the supervision of persons with the following 
qualifications: 

a. NICET-certified fire-alarm technician, Level IV minimum. 

1.6 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For fire-alarm systems and components to include in 
emergency, operation, and maintenance manuals.  Include the following: 

1. Comply with the "Records" Section of the "Inspection, Testing and Maintenance" Chapter 
in NFPA 72. 

2. Provide "Record of Completion Documents" according to NFPA 72 article "Permanent 
Records" in the "Records" Section of the "Inspection, Testing and Maintenance" Chapter. 

3. Record copy of site-specific software. 
4. Provide "Maintenance, Inspection and Testing Records" according to NFPA 72 article of 

the same name and include the following: 

a. Frequency of testing of installed components. 

b. Frequency of inspection of installed components. 

c. Requirements and recommendations related to results of maintenance. 

d. Manufacturer's user training manuals. 

5. Manufacturer's required maintenance related to system warranty requirements. 
6. Abbreviated operating instructions for mounting at fire-alarm control unit. 

B. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 
2. Program Software Backup:  On magnetic media or compact disk, complete with data files. 
3. Device address list. 

 



WRC Decentralization Phase 3 
IDAS Project # 9279.30

SH Project # 2142203394 

 

 Issued for Bid 
01-11-2024 

Digital, Addressable Fire-Alarm 
System

28 3111 - 3  

1.8 QUALITY ASSURANCE 

A. Installer Qualifications:  Personnel shall be trained and certified by manufacturer for installation 
of units required for this Project.  Firm providing contract maintenance service as a regular part 
of their business. 

B. Designer Qualifications:  NICET Level III or IV (3 or 4) certified fire alarm technician or 
registered fire protection engineer, employed by fire alarm control panel manufacturer, 
Contractor, or installer, with experience designing fire alarm systems in the jurisdictional area 
of the authorities having jurisdiction. 

C. Source Limitations for Fire-Alarm System and Components:  Obtain fire-alarm system from 
single source from single manufacturer.  Components shall be compatible with, and operate 
as, an extension of existing system. 

D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

E. Product Listing Organization Qualifications:  An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

F. NFPA Certification:  Obtain certification according to NFPA 72 by an NRTL. 

PART 2  PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Edwards Fire 
2. NOTIFIER; a Honeywell company. 
3. Siemens Building Technologies, Inc.; Fire Safety Division. 
4. Simplex 
5. Or engineer pre-approved equivalent. 

2.2 SYSTEMS OPERATIONAL DESCRIPTION 

A. Fire-alarm signal initiation shall be by one or more of the following devices: 

1. Manual stations. 
2. Heat detectors. 
3. Smoke detectors. 
4. Duct smoke detectors. 
5. Automatic sprinkler system water flow. 
6. Heat detectors in elevator shaft and pit. 

B. Fire-alarm signal shall initiate the following actions: 

1. Continuously operate alarm notification appliances. 
2. Identify alarm at fire-alarm control unit and remote annunciators. 
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3. Transmit an alarm signal to the remote alarm receiving station. 
4. Activate voice/alarm communication system. 
5. Switch heating, ventilating, and air-conditioning equipment controls to fire-alarm mode. 
6. Record events in the system memory. 

C. Supervisory signal initiation shall be by one or more of the following devices and actions: 

1. Valve supervisory switch. 
2. Elevator shunt-trip supervision. 

D. System trouble signal initiation shall be by one or more of the following devices and actions: 

1. Open circuits, shorts, and grounds in designated circuits. 
2. Opening, tampering with, or removing alarm-initiating and supervisory signal-initiating 

devices. 
3. Loss of primary power at fire-alarm control unit. 
4. Ground or a single break in fire-alarm control unit internal circuits. 
5. Abnormal ac voltage at fire-alarm control unit. 
6. Break in standby battery circuitry. 
7. Failure of battery charging. 
8. Abnormal position of any switch at fire-alarm control unit or annunciator. 
9. Fire-pump power failure, including a dead-phase or phase-reversal condition. 

E. System Trouble and Supervisory Signal Actions: annunciate at fire-alarm control unit and 
remote annunciators.  Record the event in system memory. 

F. System Trouble and Supervisory Signals Actions:  annunciate at fire-alarm control unit and 
remote-control units.  Record the event in system memory. 

2.3 FIRE-ALARM CONTROL UNIT 

A. General Requirements for Fire-Alarm Control Unit: 

1. Field-programmable, microprocessor-based, modular, power-limited design with 
electronic modules, complying with UL 864 and listed and labeled by an NRTL. 

a. System software and programs shall be held in flash electrically erasable 
programmable read-only memory (EEPROM), retaining the information through 
failure of primary and secondary power supplies. 

b. Include a real-time clock for time annotation of events on the event recorder. 

2. Addressable initiation devices that communicate device identity and status. 
B. Alphanumeric Display and System Controls:  Arranged for interface between human operator 

at fire-alarm control unit and addressable system components including annunciation and 
supervision.  Display alarm, supervisory, and component status messages and the 
programming and control menu. 

1. Annunciator and Display:  Liquid-crystal type, 3 line(s) of 80 characters, minimum. 
2. Keypad:  Arranged to permit entry and execution of programming, display, and control 

commands. 
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C. Circuits: 

1. Initiating Device, Notification Appliance, and Signaling Line Circuits:  NFPA 72, Class A. 

a. Initiating Device Circuits:  Style D. 

b. Notification Appliance Circuits:  Style Z. 

c. Signaling Line Circuits:  Style 2. 

d. Install no more than 50 addressable devices on each signaling line circuit. 

D. Notification Appliance Circuit:  Operation shall sound in a temporal pattern. 

E. Elevator Recall: 

1. Smoke detectors at the following locations shall initiate automatic elevator recall. 

a. Elevator lobby detectors except the lobby detector on the designated floor. 

b. Smoke detector in elevator machine room. 

2. Elevator lobby detectors located on the designated recall floors shall be programmed to 
move the cars to the alternate recall floor. 

3. Water-flow alarm connected to sprinkler in an elevator shaft and elevator machine room 
shall shut down elevators associated with the location without time delay. 

F. Door Controls:  Door hold-open devices that are controlled by smoke detectors at doors in 
smoke barrier walls shall be connected to fire-alarm system. 

G. Remote Smoke-Detector Sensitivity Adjustment:  Controls shall select specific addressable 
smoke detectors for adjustment, display their current status and sensitivity settings, and 
change those settings.  Allow controls to be used to program repetitive, time-scheduled, and 
automated changes in sensitivity of specific detector groups.  Record sensitivity adjustments 
and sensitivity-adjustment schedule changes in system memory, and print out the final 
adjusted values on system printer. 

H. Transmission to Remote Alarm Receiving Station:  Automatically transmit alarm, supervisory, 
and trouble signals to a remote alarm station. 

I. Voice/Alarm Signaling Service:  Central emergency communication system with redundant 
microphones, preamplifiers, amplifiers, and tone generators provided as a special module that 
is part of fire-alarm control unit. 

1. Indicated number of alarm channels for automatic, simultaneous transmission of different 
announcements to different zones or for manual transmission of announcements by use 
of the central-control microphone.  Amplifiers shall comply with UL 1711 and be listed by 
an NRTL. 

a. Allow the application of and evacuation signal to indicated number of zones and, at 
same time, allow voice paging to the other zones selectively or in any combination. 

b. Standard digitally recorded messages for "Evacuation" and "All Clear." 

c. Generate tones to be sequenced with audio messages of type recommended by 
NFPA 72 and that are compatible with tone patterns of notification appliance circuits 
of fire-alarm control unit. 
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2. Status Annunciator:  Indicate the status of various voice/alarm speaker zones and the 
status of firefighters' two-way telephone communication zones. 

3. Preamplifiers, amplifiers, and tone generators shall automatically transfer to backup units, 
on primary equipment failure. 

J. Primary Power:  24-V dc obtained from 120-V ac service and a power-supply 
module.  Initiating devices, notification appliances, signaling lines, trouble signals, supervisory 
signals shall be powered by 24-V dc source. 

K. Secondary Power:  24-V dc supply system with batteries, automatic battery charger, and 
automatic transfer switch. 

1. Batteries:  Sealed lead calcium. 
L. Instructions:  Computer printout or typewritten instruction card mounted behind a plastic or 

glass cover in a stainless-steel or aluminum frame.  Include interpretation and describe 
appropriate response for displays and signals.  Briefly describe the functional operation of the 
system under normal, alarm, and trouble conditions. 

2.4 MANUAL FIRE-ALARM BOXES 

A. General Requirements for Manual Fire-Alarm Boxes:  Comply with UL 38.  Boxes shall be 
finished in red with molded, raised-letter operating instructions in contrasting color; shall show 
visible indication of operation; and shall be mounted on recessed outlet box.  If indicated as 
surface mounted, provide manufacturer's surface back box. 

1. Double-action mechanism requiring two actions to initiate an alarm, breaking-glass or 
plastic-rod type; with integral addressable module arranged to communicate manual-
station status (normal, alarm, or trouble) to fire-alarm control unit. 

2. Station Reset:  Key- or wrench-operated switch. 

2.5 SYSTEM SMOKE DETECTORS 

A. General Requirements for System Smoke Detectors: 

1. Comply with UL 268; operating at 24-V dc, nominal. 
2. Detectors shall be four-wire type. 
3. Integral Addressable Module:  Arranged to communicate detector status (normal, alarm, 

or trouble) to fire-alarm control unit. 
4. Base Mounting:  Detector and associated electronic components shall be mounted in a 

twist-lock module that connects to a fixed base.  Provide terminals in the fixed base for 
connection to building wiring. 

5. Self-Restoring:  Detectors do not require resetting or readjustment after actuation to 
restore them to normal operation. 

6. Integral Visual-Indicating Light:  LED type indicating detector has operated. 
7. Remote Control:  Unless otherwise indicated, detectors shall be analog-addressable type, 

individually monitored at fire-alarm control unit for calibration, sensitivity, and alarm 
condition and individually adjustable for sensitivity by fire-alarm control unit. 

a. Provide multiple levels of detection sensitivity for each sensor. 
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B. Photoelectric Smoke Detectors: 

1. Detector address shall be accessible from fire-alarm control unit and shall be able to 
identify the detector's location within the system and its sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, shall be able to 
manually access the following for each detector: 

a. Primary status. 

b. Device type. 

C. Duct Smoke Detectors:  Photoelectric type complying with UL 268A. 

1. Detector address shall be accessible from fire-alarm control unit and shall be able to 
identify the detector's location within the system and its sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, shall be able to 
manually access the following for each detector: 

a. Primary status. 

b. Device type. 

3. Each sensor shall have multiple levels of detection sensitivity. 
4. Sampling Tubes:  Design and dimensions as recommended by manufacturer for specific 

duct size, air velocity, and installation conditions where applied. 
5. Relay Fan Shutdown:  Rated to interrupt fan motor-control circuit. 

2.6 HEAT DETECTORS 

A. General Requirements for Heat Detectors:  Comply with UL 521. 

B. Heat Detector, Combination Type:  Actuated by either a fixed temperature of 135 deg F (57 
deg C) or a rate of rise that exceeds 15 deg F (8 deg C) per minute unless otherwise indicated. 

1. Mounting:  Twist-lock base interchangeable with smoke-detector bases. 
C. Heat Detector, Fixed-Temperature Type:  Actuated by temperature that exceeds a fixed 

temperature of 190 deg F (88 deg C). 

1. Mounting:  Twist-lock base interchangeable with smoke-detector bases. 

2.7 NOTIFICATION APPLIANCES 

A. General Requirements for Notification Appliances:  Individually addressed, connected to a 
signaling line circuit, equipped for mounting as indicated and with screw terminals for system 
connections. 

B. Visible Notification Appliances:  Xenon strobe lights comply with UL 1971, with clear or nominal 
white polycarbonate lens mounted on an aluminum faceplate.  The word "FIRE" is engraved in 
minimum 1-inch- (25-mm-) high letters on the lens. 

1. Rated Light Output: 

a. 15/30/75/110 cd, selectable in the field. 

2. Mounting:  Wall mounted unless otherwise indicated. 
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3. For units with guards to prevent physical damage, light output ratings shall be determined 
with guards in place. 

4. Flashing shall be in a temporal pattern, synchronized with other units. 
5. Strobe Leads:  Factory connected to screw terminals. 
6. Mounting Faceplate:  Factory finished, red. 

C. Voice/Tone Notification Appliances: 

1. Appliances shall comply with UL 1480 and shall be listed and labeled by an NRTL. 
2. High-Range Units:  Rated 2 to 15 W. 
3. Low-Range Units:  Rated 1 to 2 W. 
4. Mounting:  Flush. 
5. Matching Transformers:  Tap range matched to acoustical environment of speaker 

location. 
D. Voice/Tone Notification Speaker Cluster 

1. Comply with UL 1480. 
2. Integral matching transformer with adjustable wattage tap selector. 
3. Cluster configuration shall include two, three, or four 15 W loudspeakers as indicated on 

the plans.  Speakers shall be swivel mounted for adjustability. 
4. High intensity 115/177 cd strobe, selectable in the field. 
5. Ceiling mounted. 

2.8 REMOTE ANNUNCIATOR 

A. Description:  Annunciator functions shall match those of fire-alarm control unit for alarm, 
supervisory, and trouble indications.  Manual switching functions shall match those of fire-
alarm control unit, including acknowledging, silencing, resetting, and testing. 

1. Mounting:  Flush cabinet, NEMA 250, Type 1. 
B. Display Type and Functional Performance:  Alphanumeric display and LED indicating lights 

shall match those of fire-alarm control unit.  Provide controls to acknowledge, silence, reset, 
and test functions for alarm, supervisory, and trouble signals. 

2.9 ADDRESSABLE INTERFACE DEVICE 

A. Description:  Microelectronic monitor module, NRTL listed for use in providing a system 
address for alarm-initiating devices for wired applications with normally open contacts. 

2.10 DIGITAL ALARM COMMUNICATOR TRANSMITTER 

A. Digital alarm communicator transmitter shall be acceptable to the remote central station and 
shall comply with UL 632 and be listed and labeled by an NRTL. 
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B. Functional Performance:  Unit shall receive an alarm, supervisory, or trouble signal from fire-
alarm control unit and automatically capture one telephone line(s) and dial a preset number for 
a remote central station.  When contact is made with central station(s), signals shall be 
transmitted.  If service online is interrupted for longer than 45 seconds, transmitter shall initiate 
a local trouble signal and transmit the signal indicating loss of telephone line to the remote 
alarm receiving station over the remaining line.  Transmitter shall automatically report 
telephone service restoration to the central station.  If service is lost on both telephone lines, 
transmitter shall initiate the local trouble signal. 

C. Local functions and display at the digital alarm communicator transmitter shall include the 
following: 

1. Verification that both telephone lines are available. 
2. Programming device. 
3. LED display. 

D. Digital data transmission shall include the following: 

1. Address of the alarm-initiating device. 
2. Address of the supervisory signal. 
3. Address of the trouble-initiating device. 
4. Loss of ac supply or loss of power. 
5. Communication bus failure. 

E. Secondary Power:  Integral rechargeable battery and automatic charger. 

F. Self-Test:  Conducted automatically every 24 hours with report transmitted to central station. 

2.11 DEVICE GUARDS 

A. Description:  Welded wire mesh of size and shape for the manual station, smoke detector, 
gong, or other device requiring protection. 

1. Factory fabricated and furnished by manufacturer of device. 
2. Finish:  Paint of color to match the protected device. 

PART 3  EXECUTION 

3.1 EQUIPMENT INSTALLATION 

A. Comply with NFPA 72 for installation of fire-alarm equipment. 

B. Equipment Mounting: Install fire-alarm control unit on concrete base with tops of cabinets not 
more than 72 inches (1830 mm) above the finished floor. 

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 
install dowel rods on 18-inch (450-mm) centers around the full perimeter of concrete 
base. 

2. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, 
instructions, and directions furnished with items to be embedded. 

3. Install anchor bolts to elevations required for proper attachment to supported equipment. 
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C. Smoke- or Heat-Detector Spacing: 

1. Comply with NFPA 72, "Smoke-Sensing Fire Detectors" Section in the "Initiating Devices" 
Chapter, for smoke-detector spacing. 

2. Smooth ceiling spacing shall not exceed 30 feet (9 m). 
3. HVAC:  Locate detectors not closer than 3 feet (1 m) from air-supply diffuser or return-air 

opening. 
4. Lighting Fixtures:  Locate detectors not closer than 12 inches (300 mm) from any part of a 

lighting fixture. 
D. Duct Smoke Detectors:  Comply with NFPA 72 and IMC.  Install sampling tubes so they extend 

the full width of duct. 

E. Remote Status and Alarm Indicators:  Install near each smoke detector and each sprinkler 
water-flow switch and valve-tamper switch that is not readily visible from normal viewing 
position. 

F. Audible Alarm-Indicating Devices:  Install not less than 6 inches (150 mm) below the 
ceiling.  Install bells and horns on flush-mounted back boxes with the device-operating 
mechanism concealed behind a grille. 

G. Visible Alarm-Indicating Devices:  Install adjacent to each alarm bell or alarm horn and at least 
6 inches (150 mm) below the ceiling. 

H. Device Location-Indicating Lights:  Locate in public space near the device they monitor. 

I. Fire-Alarm Control Unit:  Surface mounted, with tops of cabinets not more than 72 inches 
(1830 mm) above the finished floor. 

J. Annunciator:  Install with top of panel not more than 72 inches (1830 mm) above the finished 
floor. 

3.2 CONNECTIONS 

A. Make addressable connections with a supervised interface device to the following devices and 
systems.  Install the interface device less than 3 feet (1 m) from the device controlled.  Make 
an addressable confirmation connection when such feedback is available at the device or 
system being controlled. 

1. Supervisory connections at valve supervisory switches. 

3.3 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals.  Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

B. Install framed instructions in a location visible from fire-alarm control unit. 

3.4 GROUNDING 

A. Ground fire-alarm control unit and associated circuits; comply with IEEE 1100.  Install a ground 
wire from main service ground to fire-alarm control unit. 
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3.5 FIELD QUALITY CONTROL 

A. Field tests shall be witnessed by authorities having jurisdiction. 

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

C. Perform tests and inspections. 

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

D. Tests and Inspections: 

1. Visual Inspection:  Conduct visual inspection prior to testing. 

a. Inspection shall be based on completed Record Drawings and system 
documentation that is required by NFPA 72 in its "Completion Documents, 
Preparation" Table in the "Documentation" Section of the "Fundamentals of Fire 
Alarm Systems" Chapter. 

2. System Testing:  Comply with "Test Methods" Table in the "Testing" Section of the 
"Inspection, Testing and Maintenance" Chapter in NFPA 72. 

3. Test audible appliances for the public operating mode according to manufacturer's written 
instructions.  Perform the test using a portable sound-level meter complying with Type 2 
requirements in ANSI S1.4. 

4. Test visible appliances for the public operating mode according to manufacturer's written 
instructions. 

5. Factory-authorized service representative shall prepare the "Fire Alarm System Record of 
Completion" in the "Documentation" Section of the "Fundamentals of Fire Alarm Systems" 
Chapter in NFPA 72 and the "Inspection and Testing Form" in the "Records" Section of 
the "Inspection, Testing and Maintenance" Chapter in NFPA 72. 

E. Reacceptance Testing:  Perform reacceptance testing to verify the proper operation of added 
or replaced devices and appliances. 

F. Fire-alarm system will be considered defective if it does not pass tests and inspections. 

G. Prepare test and inspection reports. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain fire-alarm system. 

END OF SECTION 
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