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Summary of Changes 
Significant changes to the project manual that have occurred between submissions have been outlined below. The 

Construction Drawings should also be reviewed for relevant revisions. 

November 20, 2012 Revision 

The Project Manual has been updated from the previous issue. Revisions include: 

 Wrote overall lateral narrative 

 Revised fire suppression plan 

 Developed and expanded quantity takeoff and specifications 

 Revised structural calculations 

 Revised MEP plans and specifications 

February 14, 2013 Revision 

The Project Manual has been updated from the previous issue. Revisions include: 

 Revised fire suppression plan 

 Developed and expanded quantity takeoff and specifications 

 Designed an engineered a new Photovoltaic Array and Support Structures 

 Revised EnergyPlus model and energy budget 

 Revised MEP plans and specifications 

 Revised anchoring design per SD 2013 Anchoring System Design Parameters 

April 5, 2013 Revision 

The Project Manual has been updated from the previous issue. Revisions include: 

 Developed and expanded quantity takeoff and specifications, especially regarding Plumbing and Electrical 

 Updated the anchoring design of the Solar Path per SD 2013 Anchoring System Design Parameters 

 Revised the Hot Water System to transition from a Solar Plate Collector to an Electric Water Tank and an Electric 

Tankless Water Heater  

 Updated Structural Calculations to reflect and clarify that there will be no lateral displacement 

August 22, 2013 Revision 

The Project Manual has been updated from the previous issue. Revisions include: 

 Included the final structural calculations and drawings 

 Finalized the quantity take-off and specifications 

 Re-evaluated the Energy Model 

 Updated the Competition Task Water Budget 

The Construction Drawings have been updated from the previous issue. Revisions include: 

 Modifications in the locations of the heat pump, intake, supply and return vents, water heater, water meter, 

domestic pipework, bathroom faucet 

 More legible mechanical, electrical, and plumbing plans and views 
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 Updated PV calculations, one-line and three-line diagrams 

 Second bedroom modified - no built-in beds, now hallway storage and closet 

 New kitchen counter, cabinet and appliance layout 

 Updated fall protection sheet 

 New design for ramps, handrails and guardrails 

 New landscaping design  
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Rules Compliance Checklist 

RULE RULE DESCRIPTION LOCATION DESCRIPTION LOCATION 

4-2 Construction Equipment Drawings showing the assembly and disassembly 
sequences and the movement of heavy machinery on 
the competition site 

O101, O102, O103 

4-2 Construction Equipment Specifications for heavy machinery Project Manual 
Construction 
Specifications 
Section 41 22 00 

4-3 Ground Penetration Drawings demonstrating locations and depths of all 
ground penetrations on the competition site 

S101 

4-4 Impact on the Competition 
Site 

Drawings demonstrating location, contact area, and 
bearing pressure of every component resting directly 
within the solar envelope 

S101 

4-5 Generators Specifications for generators (including sound rating) Project Manual 
Construction 
Specifications 
Section 48 10 00 

4-6 Spill Containment Drawings showing the locations of all equipment, 
containers, and pipes that will contain liquids at any 
point during the event 

H101 

4-6 Spill Containment Specifications for all equipment, containers, and pipes 
that will contain liquids at any point during the event  

Project Manual 
Construction 
Specifications 
Sections 21, 43 40 00 

4-7 Lot Conditions Drawings demonstrating that the structural design 
remains compliant even if 18 in. (45.7 cm) of vertical 
elevation change exists 

S301 C3, S303 A5, 
S701 D4 

4-7 Lot Conditions Drawings demonstrating shimming methods and 
materials to be used if 18 in. (45.7 cm) of vertical 
elevation change exists 

S301 C3, S303 A5, 
S701 D4 

5-2 Solar Envelope Dimensions Drawings demonstrating location of all house and site 
components relative to the solar envelope 

G201 

5-2 Solar Envelope Dimensions List of solar envelope exemption requests accompanied 
by justifications and drawing references 

No exemptions 
requested 

6-1 Structural Design Approval List of, or marking on, all drawing and project manual 
sheets that have been or will be stamped by the 
qualified, licensed design professional in the stamped 
structural submission; the stamped submission shall 
consist entirely of sheets that also appear in the 
drawings and project manual 

S001-S701, 
Structural 
Calculations 

6-2 Finished Square Footage Drawings showing all information needed to measure G101 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 9 

the finished square footage electronically 

6-2 Finished Square Footage Drawing(s) showing all movable components that may 
increase the finished square footage if operated during 
contest week 

N/A 

6-3 Entrance and Exit Routes Drawings demonstrating the accessible public tour route G103 

7-1 Placement Drawings showing location of all vegetation, and, if 
applicable, the movement of vegetation designed as 
part of an integrated mobile system 

L101 

7-2 Watering Restrictions Drawings showing the layout and operation of 
greywater irrigation systems 

N/A 

8-1 PV Technology Limitations Specifications for photovoltaic components E601, Construction 
Specifications 
Section 26 31 00 

8-3 Batteries Drawings showing the location and quantity of all 
primary and secondary batteries and stand-alone, PV 
powered devices 

N/A 

8-3 Batteries Specifications for all primary and secondary batteries 
and stand-alone, PV-powered devices 

N/A 

8-4 Desiccant Systems Drawing(s) describing the operation of the desiccant 
system 

N/A 

8-4 Desiccant Systems Specifications for desiccant system components N/A 

8-5 Village Grid Completed interconnection application form Project Manual Page 
111 

8-5 Village Grid Drawings showing the locations of the photovoltaics, 
inverters, terminal box, meter housing, service 
equipment, and grounding means 

E201 

8-5 Village Grid Specifications for the photovoltaics, inverters, terminal 
box, meter housing, service equipment, and grounding 
means 

Construction 
Specifications 
Section 26 

8-5 Village Grid One-line electrical diagram E601 

8-5 Village Grid Calculation of service/feeder net computed load per 
NEC 220 

E001 

8-5 Village Grid Site plan showing the house, decks, ramps, tour paths, 
and terminal box 

E101, G103 

8-5 Village Grid Elevations showing the meter housing, main utility 
disconnect, and other service equipment 

E201 

9-1 Container Locations Drawings showing the location of all liquid containers 
relative to the finished square footage 

H101 

9-1 Container Locations Drawings demonstrating that the primary supply water 
tank is fully shaded from direct solar radiation between 
9 a.m. and 5 p.m. PDT or between 8 a.m. and 4 p.m. 
solar time on October 1 

O111 

9-2 Team-Provided Liquids Quantity, characteristics, and delivery dates of all team N/A 
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provided liquids for irrigation, thermal mass, hydronic 
system pressure testing, and thermodynamic system 
operation 

9-3 Greywater Reuse Drawings showing the layout and operation of 
greywater reuse systems 

N/A 

9-4 Rainwater Collection Drawings showing the layout and operation of rainwater 
collection system 

L101 

9-6 Thermal Mass Drawing(s) showing the locations of liquid-based 
thermal mass systems 

N/A 

9-6 Thermal Mass Specifications for components of liquid-based thermal 
mass systems 

N/A 

9-7 Greywater Heat Recovery Drawing(s) showing the layout and operation of 
greywater heat recovery systems 

N/A  

9-8 Water Delivery Drawings showing the complete sequence of water 
delivery and distribution events 

O111 

9-8 Water Delivery Specifications for the containers to which water will be 
delivered 

Project Manual 
Construction 
Specifications 
Section 22 30 00 

9-9 Water Removal Drawings showing the complete sequence of water 
consolidation and removal events 

O111 

9-9 Water Removal Specifications for the containers from which water will 
be removed 

Project Manual 
Construction 
Specifications 
Section 22 30 00 

11-4 Public Exhibit Interior and exterior plans demonstrating accessible 
tour route 

G103 
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Structural Calculations 

Lateral Narrative 

The roof panels span horizontally and transfer the lateral shear loads into the perimeter exterior shear walls through the 

roof panel connections to the perimeter steel beam, and from the steel beams into blocking and the interior layer of 

plywood on the wall.  The shear walls then transfer the lateral shear forces through connections to the dropped PSL 

beams. The dropped beams transfer the shear forces through the threaded steel bolts in the dropped beams that are 

welded to the base plates.  The steel base plates transfer the shear forces with friction between the steel plate and 

asphalt to the ground.    

No displacement is anticipated through sliding, from the governing Seismic force case.  

Also note that uplift in the shear walls will be resisted by gravity dead loads through connections at ends of walls to steel 

column gravity loads, and connections at ends of the walls to dropped PSL beams. 

Structural Basis of Design 
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Structural Basis of Design 
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Lateral Sheer Walls and Wall Studs 
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Steel Frames 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 36 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 37 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 38 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 39 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 40 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 41 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 42 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 43 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 44 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 45 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 46 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 47 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 48 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 49 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 50 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 51 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 52 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 53 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 54 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 55 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 56 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 57 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 58 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 59 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 60 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 61 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 62 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 63 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 64 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 65 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 66 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 67 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 68 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 69 

 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 70 

 

  



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 71 

Column and Foundation Loads 
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Wood Roof and Floor Framing 
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Solar Array Structures 
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Panel Lifting 
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Mechanical Module Modifications 
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Detailed Water Budget 

Competition Tasks 

FUNCTION
WATER	USE
(GALLONS) CALCULATIONS NOTES

GALLONS EVENTS

Hot Water Draws 240 15 16

Water Vaporization 3.75 0.75 5 Start with 96oz, vaporize 80oz

Dishwasher 14.75 2.95 5 Using the highest efficiency dishwasher

Clothes Washer 84 10.5 8 Using the highest efficiency clothes washer

Dinner Party 50 25 2 Cooking, rinsing (all water is team-provided)

Movie Night 25 25 1 Cooking, rinsing (all water is team-provided)

Vegetation 100 50 2 Native drought resistent plants selected

Fire Protection 300 300 1

Testing 18 9 2 Charge system

Initial Systems Fill 50 50 1

Safety Factor 200

Fill tanks to capacity to allow for error in these 

estimates

WATER	REQUIRED 1085.5

HOT	WATER

Y

Y

Y

Y

Y

413.75

 

Projected Usage in Final Residential Installation 
ITEM USE RATE FLOW RATE # OF PERSONS DAILY TOTAL HOT WATER 

Toilet 4 flushes per person per day 1.6 3 19.2 
 Shower 5 minutes per person per day 2.5 3 37.5 Y 

Bathroom Faucet 

10 minutes washing hands, 
face, brushing teeth per 
person per day 1.5 3 45 Y 

Kitchen Faucet 
10 minutes per person 
rinsing and cooking per day 1.8 3 54 Y 

Total Daily Usage       155.7 gal./day   

Item LOADS PER WEEK 
GALLONS PER 
LOAD NOTES WEEKLY TOTAL HOT WATER 

Washing 
Machine 3 10.5 

Clothes, towels 
and sheets for a 
three person 
household 31.5 Y 

Dishwasher 4 2.95 

14-place setting 
capacity, three 
person 
household 11.8 Y 

Total Weekly 
Usage       43.3  gal/week   

      Total Annual Usage     59,082 gallons 
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Interconnection Application Form 
 

MIDDLEBURY COLLEGE LOT 110 

PV Systems 

Module Manufacturer Short Description of Array DC Rating of Array 
(sum of the DC ratings) 

Lumos 10 × 240W V Modules wired in series 2400W 

Lumos 16 × 240W V Modules wired in series 3840W 

Total DC power of all arrays is 6.2 kW (in tenths) 

 

INVERTERS 

Inverter Manufacturer Model Number Voltage Rating (kVA or KW) Quantity 

Power One Aurora Uno PVI-6000-TL 240V Output 6kW 1 

Total AC power of all inverters is 6 kW (in whole numbers) 

 

 

 

   

REQUIRED INFORMATION Location 

One-Line Electrical Schematic E-601 

Calculations of service/feeder net computed load and neutral load (NEC 220) E-001 

Plan view of the lot showing the house, decks, ramps, tour paths, the service point, and the 

distribution panel or load center 

E-101, G-103 
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Energy Analysis Results and Discussion 

Summary 
We have conducted multiple energy analyses with a program called Energy Plus. Energy Plus is an energy simulation 
software that calculates energy and water use in buildings. By modeling the heating, cooling, hot water, and ventilation 
usages, we were able to optimize our design in order to be as energy efficient as possible. For the climate of Irvine, 
California in the month of October, with the energy and water consumption dictated by the competition challenges, we 
project an energy demand of 696.72 kWh. 

Discussion 

In addition to determining the size of our photovoltaic array, our energy model indicated the best ways to incorporate 
passive techniques into our home’s design. Recognizing that we are dealing with two different climates in California and 
Middlebury, we have incorporated methods that function in both climates. The window locations optimize natural light 
throughout the large social space of our home, where the residents will spend most of their time. The home’s extensive 
southern glazing maximizes solar heat gain during the cold winter months, but by installing our low-emission glass 
windows to the interior of the 14-inch-thick walls, only a small portion of the solar irradiation from the high summer sun 
actually passes through the glass to heat our home. Our thick walls are packed with cellulose insulation which keeps our 
home tightly sealed to prevent heat transfer. 
 
Mechanical Chimney Core 
Another feature of our home is the mechanical room, the shape of which reflects the chimney structure of a traditional 

New England home. This structure emphasizes our mechanical core where all of our systems are condensed into one 

space. This core embodies all of the vital functions of our home--the heating, cooling, hot water and ventilation systems. 

Furthermore, this height of the mechanical chimney helps create a stack effect within the home that promotes 

a passive cooling ventilation system. Cool air enters through a louver low on the north façade and pushes warm air up 

out of the large public space through a louver between the kitchen and the mechanical chimney, and out of an exterior 

louver high on the northern face of the mechanical chimney. The energy model proved that the natural air currents 

would produce such this cooling effect even in our relatively small space, and determined the necessary sizes of the 

louvers. 

 

Remarks 

Though we want to use as many passive techniques as possible, we recognize the need to use active systems in order to 

meet the competition challenges. Therefore, we integrate both passive and active methods in order to reduce the 

overall energy usage. We have chosen appliances and systems that will meet the needs of our home and its residents, 

while consuming as little energy and water as possible. Our Building Management System will continue the work of our 

Energy Model to document the functionality of our home and encourage sustainable practices. 
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Energy Analysis Results   

Simulation for competition loads in Irvine, California in the month of October 

Program Version:EnergyPlus-Windows-64 8.0.0.008, YMD=2013.08.21 11:07 

Environment: OCTOBER ** Climate Zone 8 CA USA CTZRV2 WMO#=690140 

Simulation Timestamp: 2013-08-21 11:07:58 

 

Site and Source Energy 

  Total Energy [kWh] 
Energy Per Total Building Area 

[kWh/m2] 

Energy Per Conditioned Building Area 

[kWh/m2] 

Total Site Energy 696.72 9.10 9.10 

Net Site Energy -395.0 -5.2 -5.2 

Total Source 

Energy 
2206.50 28.83 28.83 

Net Source 

Energy 
-1250.8 -16.3 -16.3 

 
Site to Source Energy Conversion Factors  Building Area 
 
 

 
Site  Source 

Conversion Factor 

Electricity 3.167 

Natural Gas 1.084 

District Cooling 1.056 

District Heating 3.613 

Steam 0.300 

Gasoline 1.050 

Diesel 1.050 

Coal 1.050 

Fuel Oil #1 1.050 

Fuel Oil #2 1.050 

Propane 1.050 

 
 
 

 Area [m2] 

Total Building Area 76.53 

Net Conditioned Building Area 76.53 

Unconditioned Building Area 0.00 
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End Uses by Subcategory 
 

  Subcategory 
Electricity 
[kWh] 

Natural 
Gas [kWh] 

Other Fuel 
[kWh] 

District 
Cooling 
[kWh] 

District 
Heating 
[kWh] Water [m3] 

Heating General 4.00 0.00 0.00 0.00 0.00 0.00 

Cooling General 164.24 0.00 0.00 0.00 0.00 0.00 

Interior Lighting General 74.97 0.00 0.00 0.00 0.00 0.00 

Exterior Lighting General 0.00 0.00 0.00 0.00 0.00 0.00 

Interior Equipment General 53.55 0.00 0.00 0.00 0.00 0.00 

  Laundry 27.68 0.00 0.00 0.00 0.00 0.00 

  Dishwasher 14.34 0.00 0.00 0.00 0.00 0.00 

  Refrigerator 28.86 0.00 0.00 0.00 0.00 0.00 

  Cooking 124.35 0.00 0.00 0.00 0.00 0.00 

Exterior Equipment General 0.00 0.00 0.00 0.00 0.00 0.00 

Fans General 17.83 0.00 0.00 0.00 0.00 0.00 

Pumps General 0.36 0.00 0.00 0.00 0.00 0.00 

Heat Rejection General 0.00 0.00 0.00 0.00 0.00 0.00 

Humidification General 0.00 0.00 0.00 0.00 0.00 0.00 

Heat Recovery General 0.00 0.00 0.00 0.00 0.00 0.00 

Water Systems Water Heater 186.54 0.00 0.00 0.00 0.00 0.00 

  General 0.00 0.00 0.00 0.00 0.00 6.06 

Refrigeration General 0.00 0.00 0.00 0.00 0.00 0.00 

Generators General 0.00 0.00 0.00 0.00 0.00 0.00 

 
 
NORMALIZED METRICS 
 
Utility Use Per Conditioned Floor Area 
 

  

Electricity 
Intensity 
[kWh/m2] 

Natural Gas 
Intensity 
[kWh/m2] 

Other Fuel 
Intensity 
[kWh/m2] 

District Cooling 
Intensity 
[kWh/m2] 

District Heating 
Intensity 
[kWh/m2] 

Water 
Intensity 
[m3/m2] 

Lighting 0.98 0.00 0.00 0.00 0.00 0.00 

HVAC 4.87 0.00 0.00 0.00 0.00 0.08 

Other 3.25 0.00 0.00 0.00 0.00 0.00 

Total 9.10 0.00 0.00 0.00 0.00 0.08 
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Electric Loads Satisfied 
 

 Electricity [kWh] Percent Electricity [%] 

Fuel-Fired Power Generation 0.00 0.00 

High Temperature Geothermal* 0.00 0.00 

Photovoltaic Power 1091.68 156.69 

Wind Power 0.00 0.00 

Net Decrease in On-Site Storage 0.00 0.00 

Total On-Site Electric Sources 1091.68 156.69 

      

Electricity Coming From Utility 350.61 50.32 

Surplus Electricity Going To Utility 745.58 107.01 

Net Electricity From Utility -395.0 -56.7 

      

Total On-Site and Utility Electric Sources 696.72 100.00 

Total Electricity End Uses 696.72 100.00 

 
 
On-Site Thermal Sources 
 

 Heat [kWh] Percent Heat [%] 

Water-Side Heat Recovery 0.00   

Air to Air Heat Recovery for Cooling 0.00   

Air to Air Heat Recovery for Heating 0.00   

High-Temperature Geothermal* 0.00   

Solar Water Thermal 0.00   

Solar Air Thermal 0.00   

Total On-Site Thermal Sources 0.00   
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Water Source Summary 
 

 Water [m3] Percent Water [%] 

Rainwater Collection 0.00 0.00 

Condensate Collection 0.00 0.00 

Groundwater Well 0.00 0.00 

Total On Site Water Sources 0.00 0.00 

- - - 

Initial Storage 0.00 0.00 

Final Storage 0.00 0.00 

Change in Storage 0.00 0.00 

- - - 

Water Supplied by Utility 6.06 100.00 

- - - 

Total On Site, Change in Storage, and Utility Water Sources 6.06 100.00 

Total Water End Uses 6.06 100.00 

 
Comfort and Setpoint Not Met Summary 
 

 Degrees [deltaC] 

Tolerance for Time Heating 
Setpoint Not Met 

0.20 

Tolerance for Time Cooling 
Setpoint Not Met 

0.20 

 
 
 
 

Program Version and Build 
EnergyPlus-Windows-64 8.0.0.008, YMD=2013.08.21 

11:07 

RunPeriod YEAR 

Weather File Climate Zone 8 CA USA CTZRV2 WMO#=690140 

Latitude [deg] 33.60 

Longitude [deg] -117.7 

Elevation [m] 117.00 

Time Zone -8.0 

North Axis Angle [deg] 0.00 

Rotation for Appendix G [deg] 0.00 

Hours Simulated [hrs] 744.00 

 
 
  

 Facility [Hours] 

Time Setpoint Not Met During 
Occupied Heating 

0.00 

Time Setpoint Not Met During 
Occupied Cooling 

2.25 

Time Not Comfortable Based 
on Simple ASHRAE 55-2004 

734.25 
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ENVELOPE 
 
Window-Wall Ratio 
 

 Total 
North 

(315 to 45 deg) 
East 

(45 to 135 deg) 
South 

(135 to 225 deg) 
West 

(225 to 315 deg) 

Gross Wall 
Area [m2] 

137.76 35.30 30.31 41.84 30.31 

Window 
Opening 
Area [m2] 

21.09 2.23 6.22 9.29 3.34 

Window-
Wall Ratio 
[%] 

15.31 6.32 20.53 22.20 11.03 

 
 
Conditioned Window-Wall Ratio 
 

 Total 
North  

(315 to 45 deg) 
East  

(45 to 135 deg) 
South  

(135 to 225 deg) 
West  

(225 to 315 deg) 

Gross Wall 
Area [m2] 

137.76 35.30 30.31 41.84 30.31 

Window 
Opening 
Area [m2] 

21.09 2.23 6.22 9.29 3.34 

Window-
Wall Ratio 
[%] 

15.31 6.32 20.53 22.20 11.03 
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PERFORMANCE 
 
Zone Summary 
 

 
Area 
[m2] 

Conditioned 
(Y/N) 

Part of 
Total Floor 
Area (Y/N) 

Volume 
[m3] 

Multi-
pliers 

Wall 
Area 
[m2] 

Window 
Glass Area 
[m2] 

Lighting 
[W/m2] 

People 
[m2 per 
person] 

Plug and 
Process 
[W/m2] 

           

BATH 5.04 Yes Yes 15.57 1.00 1.06 0.00 3.7677   2.6912            

KIDS BR 7.25 Yes Yes 16.11 1.00 16.61 1.49 3.7677 6.97 2.6912            

LIVING 48.57 Yes Yes 152.03 1.00 82.58 18.12 3.7677 16.19 37.1973            

MASTER BR 11.15 Yes Yes 29.04 1.00 17.97 1.49 3.7677 6.97 2.6912            

MECH 4.53 Yes Yes 20.02 1.00 19.53 0.00 3.7677   23.5346            

Total 76.53     232.77   137.76 21.09 3.7677 13.57 25.8223            

Conditioned 
Total 

76.53     232.77   137.76 21.09 3.7677 13.57 25.8223 
           

Uncondition
ed Total 

0.00     0.00   0.00 0.00       
           

Not Part of 
Total 

0.00     0.00   0.00 0.00       
           

 
 
Report: Demand End Use by Subcategory 
For: Entire Facility 
Timestamp: 2013-08-21 11:07:58 
 

 Subcategory Electricity [W] 
Natural 
Gas [W] 

Propane [W] 
District Cooling 
[W] 

Steam [W] Water [m3/s] 
       

Heating General 0.00 0.00 0.00 0.00 0.00 0.00        

Cooling General 749.71 0.00 0.00 0.00 0.00 0.00        

Interior 
Lighting 

General 72.09 0.00 0.00 0.00 0.00 0.00 
       

Exterior 
Lighting 

General 0.00 0.00 0.00 0.00 0.00 0.00 
       

Interior 
Equipment 

General 51.49 0.00 0.00 0.00 0.00 0.00 
       

  Laundry 76.54 0.00 0.00 0.00 0.00 0.00        

  Dishwasher 58.82 0.00 0.00 0.00 0.00 0.00        

  Refrigerator 42.59 0.00 0.00 0.00 0.00 0.00        

  Cooking 509.96 0.00 0.00 0.00 0.00 0.00        

Exterior 
Equipment 

General 0.00 0.00 0.00 0.00 0.00 0.00 
       

Fans General 52.83 0.00 0.00 0.00 0.00 0.00        

Pumps General 8.06 0.00 0.00 0.00 0.00 0.00        

Heat Rejection General 0.00 0.00 0.00 0.00 0.00 0.00        
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Humidification General 0.00 0.00 0.00 0.00 0.00 0.00        

Heat Recovery General 0.00 0.00 0.00 0.00 0.00 0.00        

Water Systems Water Heater 4311.24 0.00 0.00 0.00 0.00 0.00        

  General 0.00 0.00 0.00 0.00 0.00 0.00        

Refrigeration General 0.00 0.00 0.00 0.00 0.00 0.00        

Generators General 0.00 0.00 0.00 0.00 0.00 0.00        

 
 

Report: Source Energy End Use Components Summary 

For: Entire Facility 

Timestamp: 2013-08-21 11:07:58 

Values gathered over 744.00 hours 
 

Source Energy End Use Components Summary 

 

 
Source Electricity 
[kWh] 

Source Natural 
Gas [kWh] 

Source Additional 
Fuel [kWh] 

Source District 
Cooling [kWh] 

Source District  
Heating [kWh] 

     

Heating 12.67 0.00 0.00 0.00 0.00      

Cooling 520.14 0.00 0.00 0.00 0.00      

Interior Lighting 237.43 0.00 0.00 0.00 0.00      

Exterior Lighting 0.00 0.00 0.00 0.00 0.00      

Interior Equipment 787.89 0.00 0.00 0.00 0.00      

Exterior Equipment 0.00 0.00 0.00 0.00 0.00      

Fans 56.48 0.00 0.00 0.00 0.00      

Pumps 1.13 0.00 0.00 0.00 0.00      

Heat Rejection 0.00 0.00 0.00 0.00 0.00      

Humidification 0.00 0.00 0.00 0.00 0.00      

Heat Recovery 0.00 0.00 0.00 0.00 0.00      

Water Systems 590.76 0.00 0.00 0.00 0.00      

Refrigeration 0.00 0.00 0.00 0.00 0.00      

Generators 0.00 0.00 0.00 0.00 0.00      

                 

Total Source Energy End 
Use Components 

2206.50 0.00 0.00 0.00 0.00 
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Report: Object Count Summary 
 
Surfaces by Class 
 

 Total Outdoors 

Wall 38 18 

Floor 5 5 

Roof 6 6 

Internal Mass 0 0 

Building Detached 
Shading 

58 58 

Fixed Detached Shading 0 0 

Window 13 13 

Door 1 1 

Glass Door 0 0 

Shading 0 0 

Overhang 0 0 

Fin 0 0 

Tubular Daylighting 
Device Dome 

0 0 

 
 
Space Usage Type 
 

 
Space Area 

[m2] 
Regularly Occupied Area 

[m2] 
Unconditioned Area 

[m2] 
Typical Hours/Week in Operation 

[hr/wk] 

ONE KIDS BR 7.25 7.25 0.00 168.00 

ONE LIVING 48.57 48.57 0.00 168.00 

ONE MASTER 
BR 

11.15 11.15 0.00 168.00 

ONE BATH 5.04 5.04 0.00 0.00 

ONE MECH 4.53 4.53 0.00 0.00 

Totals 76.53 76.53 0.00   
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Quantity Takeoff of Competition Prototype House 
SPECIFICATION 

NUMBER 
  BRIEF DESCRIPTION DETAILED DESCRIPTION  QTY  UNIT 

Division 01 General Requirements 
  

      

01 54 19  Temporary Crane Hopse Crane Grove TMS 9000E 7 Day 

01 54 00  Telescope Forklift LULL 1044C54 SERIES 10 Day 

01 54 23  Temporary Scaffold and 
Platforms 

Standard supported platform, 5’ tall, 18” wide 
planks, one 20’ long 12” wide aluminum plank 

4 Levels 

      

Division 02                Existing Conditions 
 

      

02 21 13  Site Survey, locate project 
on site 

Boundary & survey markers 0.5 Acre 

      

Division 03                Concrete 
 

      

      

Division 04                Masonry 
  

      

      

Division 05                Metals 
  

      

05 XX XX  Foundation Support Jacks Adjustable Steel Jacks 26 Ea. 

05 XX XX  Foundation Base Plate 1 5/16" x 1'-6" x 1'-6" Steel 28 Ea. 

05 XX XX  Foundation Base Plate 2 3/8" x 2'-0" x 2'-0" Steel 2 Ea. 

05 XX XX  Foundation Base Plate 3 3/8" x 2'-3" x 2'-3" Steel 7 Ea. 

05 XX XX  Foundation Base Plate 4 1/2" x 2'-6" x 2'-6" Steel 4 Ea. 

05 XX XX  Foundation Base Plate 5 1/2" x 3'-0" x 3'-0" Steel 1 Ea. 

05 XX XX  Foundation Base Plate 6 5/16" x 1'-0" x 1'-0" Steel 2 Ea. 

05 54 00  Column Anchor Plate Anchor Plate for AES columns, 4" x 2'-4" x 3/4" 18 Ea. 

05 54 00  Floor Joint Strip AES Strip covers joint of floor panels 13'-11" x 
4" x 1/4" 

1 Ea. 

05 54 00  Floor Joint Strip AES Strip covers joint of floor panels 17'-4 1/2" 
x 4" x 1/4" 

3 Ea. 
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05 54 00  Floor Joint Strip AES Strip covers joint of floor panels 19' 4 1/2" 
x 4" x 1/4" 

3 Ea. 

05 12 13  House Steel Column - Square 
Tube 

AES 4" x 4" x 3/16" Tube, 6'-0" 3 Ea. 

05 12 13  House Steel Column - Square 
Tube 

AES 4" x 4" x 3/16"Tube, 7'-10" 3 Ea. 

05 12 13  House Steel Column - Square 
Tube 

AES 4" x 4" x 3/16" Tube, 8'-7" 3 Ea. 

05 12 13  House Steel Column - Square 
Tube 

AES 4" x 4" x 3/16" Tube, 9'-0" 1 Ea. 

05 12 13  House Steel Column - Square 
Tube 

AES 4" x 4" x 3/16" Tube, 10'-9" 4 Ea. 

05 12 13  House Steel Beam - I-beam AES W12X19, 21'-9" 3 Ea. 

05 12 13  House Steel Beam - I-beam AES W12X19, 24'-9" 3 Ea. 

05 12 13  House Steel Beam - I-beam AES W12X19, 19'-3 1/2" 1 Ea. 

05 XX XX  Path Ground Plate  1'-10" x 1'-10" x 1/2" with 4x 3/4" diameter 
16" threaded rod 

18 Ea. 

05 XX XX  Path Anchor Rods 36” long  1” diameter ASTM threaded rod 36 Ea. 

05 XX XX  Path Base Plate 10" x 10" x 1/2" Steel Plate 18 Ea. 

05 XX XX  Path Steel Column - Square 
Tube 

HSS 4" x 4" x1/2" Tube, 7'-1" 4 Ea. 

05 XX XX  Path Steel Column - Square 
Tube 

HSS 4" x 4" x1/2" Tube, 10'-8" 4 Ea. 

05 XX XX  Path Steel Column - Square 
Tube 

HSS 4" x 4" x1/2" Tube, 9'-0" 5 Ea. 

05 XX XX  Path Steel Column -  
Square Tube 

HSS 4" x 4" x1/2" Tube, 12'-7" 5 Ea. 

05 XX XX  Path Cap Plate 1/2" x 12" x 4" joins columns to I-beam cross-
piece 

18 Ea. 

05 XX XX  Path Steel Cross Piece –  
I-beam 

W6X12, 9'-1" 9 Ea. 

05 XX XX  Path Steel Connector Piece - 
I-beam 

W6X12, 7'-5" 4 Ea. 

05 XX XX  Path Steel Connector Piece - 
I-beam 

W6X12, 3'-11 1/2" 4 Ea. 

05 XX XX  Path Steel Connector Piece - 
I-beam 

W6X12, 3'-4" 4 Ea. 
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05 XX XX  Path Steel Connector Piece - 
I-beam 

W6X12, 7'-4" 2 Ea. 

05 XX XX  Path Long Clip Angle L3x2x1/4 x 4" 72 Ea. 

05 XX XX  Path Stiffener Plate 1/4" x 4" x 6 1/2" Steel, welded to column, 
bolts to connector piece 

36 Ea. 

05 XX XX  Path Bolts 3/4" diameter x 2” fasten W8x15 to cap plate, 
fasten W6x12 to stiffener plate 

64 Ea. 

05 XX XX  Path Lag Screws 3/8" diameter x 2 ½” attach cedar purlins to 
steel angle clips on W8x15 

144 Ea. 

05 XX XX  Fasten Master Headlok 2 7/8” Heavy Duty Flathead Fasteners – attach 
LSXRail to cedar purlin 

100 Ea. 

05 XX XX  Angle Iron 4" x 6" x 5" 264 Ea. 

05 XX XX  Handrail Metal Support 1”x3/16” flat steel 146 L.F. 

05 73 16  Metal Cable Railing 264 cable tensioners, 3/16” dia cable 3,168 L.F. 

05 XX XX  Mechanical Fasteners for 
EPDM 

2" Barbed Seam Plate 2 C. 

05 XX XX  Mechanical Fasteners for 
EPDM 

1 5/8" Screw Drill Point 2 C. 

      

Division 06 Wood, Plastics and Composites 
  

      

06 15 33  Wood Ramps  Pressure-treat 2”x10” structural frame, 5/4” x 
6” white cedar overlay 

265 S.F. 

06 15 33  Patio Decking Pressure-treat 2”x10” structural frame, white 
cedar decking, 5/4" x 6" 

556 S.F. 

06 43 16  Wooden Railing posts 4x4 cedar posts 348 L.F. 

06 43 16  Wood Guardrail 1x4 cedar  100 L.F. 

06 43 16  Wood Handrail 1x1 ½ cedar 146 L.F. 

06 16 53  Plywood Flooring AdvanTech Flooring, Huber Engineered Woods, 
Tongue and Groove 

1000 S.F. 

06 16 53  Plywood Wall Sheathing ZIP System Wall Sheathing, Huber Engineered 
Woods, 1/2" 

4,400 S.F. 

06 16 53  Finished Plywood Sheathing ¾” FSC Finished Birch Plywood 2,100 S.F. 

06 17 23  LSL Laminated Strand Lumber 1 1/4" x 9 1/2" 164 L.F. 

06 XX XX  LSL Laminated Strand Lumber 1 1/4" x 14" 102 L.F. 

06 XX XX  LSL Laminated Strand Lumber 1 3/4" x 9 1/2" 268 L.F. 

06 17 53  LVL Laminated Veneer Lumber, 1 3/4" x 14"  794 L.F. 
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06 17 13  LVL Laminated Veneer Lumber, 1 3/4" x 18"  370 L.F. 

06 XX XX  FSC Certified Lumber 2" x 4" 352 L.F. 

06 XX XX  FSC Certified Lumber 2" x 8" 40 L.F. 

06 XX XX  Cedar Purlin 4" x 6" x 12’ 12 Ea. 

06 XX XX  Cedar Purlin 4" x 6" x 8’ 4 Ea. 

06 XX XX  Lumber Framing Post 4" x 4" dimensional  56 L.F. 

06 17 33  TJI 110 Joist Framing 14" 0.057 M.L.F. 

06 17 33  TJI 210 Joist Framing 9 1/2" 0.2875 M.L.F. 

06 17 53  Roof Truss Open-web Parallel Chord Truss 18" 2500 L.F. 

06 15 13  Patio Decking Deck framing, treated lumber, white cedar 
decking, 5/4" x 6" 

556 S.F. 

06 XX XX  Siding Reclaimed Barn Wood 1759 S.F. 

      

Division 07 Thermal and Moisture Protection 
  

      

07 62 00  Sheet Metal Flashing and 
Trim 

Sheet metal flashing, aluminum, flexible, mill 
finish, .013" thick, including up to 4 bends 

600 S.F. 

07 71 23  Aluminum Gutters integrated with green roof system 62 L.F. 

07 33 63  Green Roof Eco Roof Green Tray 12" x 24" x 3.3" 300 Ea. 

07 XX XX  Roof Cap 18 1/2" x 4" Green Roof Cap 62 L.F. 

07 XX XX  Roof Cap 7" x 4" Green Roof Cap 121 L.F. 

07 XX XX  Roofing Nails 2" 1LB EG Roofing Nail 2 Ea. 

07 21 26  Cellulose Insulation National Fiber Cel-Pak Blown Cellulose 
Insulation, variable thickness, R3.8 per lineal 
inch 

4245 C.F. 

07 21 26  Denim Insulation Ultra Touch Recycled Denim Insulation 250 C.F. 

07 27 26  EPDM Rubber Waterproofing Membrane, 0.60mm x 
10' x 100' 

986 S.F. 

07 XX XX  Drainage Layer J-Drain GRS 600 S.F. 

07 XX XX  Caulking Zip-A-Way 10.1 oz Removable Weather 
Stripping (Irvine) 

7 Ea. 

07 XX XX  Caulking GE Clear Window Seal 10.1 oz 7 Ea. 

07 XX XX  Flashing Tape 4" x 100' Tyvek Flashing Tape 4 Ea. 

07 XX XX  Shims Millwork Pine Shims 14CT 8 Ea. 

07 XX XX  Drip Cap 1/8" White Drip Cap 10' 7 Ea. 

07 46 23  Wood Siding Reclaimed barn siding (also listed in section 6) 1759 S.F. 

07 42 13  Metal Wall Panels Mechanical Module Exterior Walls 180 S.F. 
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Division 08 Openings 
  

      

08 14 13  Exterior Door Intus EFORTE 
GRSN70416+18H+Grud4+18H+GrudSel4 
42 11/16” × 88 1/8” 

1 Ea. 

  Exterior Door Intus EFORTE 
GrudSel4+18H+Grud4+20H+Grud4 
42 11/16” × 90 1/8” 

1 Ea. 

08 16 13  Exterior Door Mechanical Room Exterior Door 1 Ea. 

08 15 16  Bedroom Door Pocket door 2 Ea. 

08 53 13  Window Intus EFORTE Tilt nrG4×20H×F4×18H×nrG4  
71" × 16 1/2" 

1 Ea. 

08 53 13  Window Intus EFORTE Tilt/Turn 
nrG4×20H×F4×18H×nrG4 
23" X 46 1/2" 

2 Ea. 

08 53 13  Window Intus EFORTE 
GrudSel4+18H+Grud4+20H+GrudSel4 
42 5/8" × 22 1/2" 

1 Ea. 

08 53 13  Window Intus EFORTE Tilt 
GrudSel4+18H+Grud4+20H+GrudSel4 77" x 69" 

1 Ea. 

08 53 13  Window Intus EFORTE Tilt/Turn nrG4 × 20H × F4 × 18H × 
nrG4 47" X 46 1/2" 

3 Ea. 

08 53 13  Window Intus EFORTE 
Tilt/TurnGrudSel6+16H+Grud4+18H+GrudSel6  
77" × 69" 

1 Ea. 

08 53 13  Window Intus EFORTE Tilt nrG4 × 20H × F4 × 18H × nrG4  
62" × 69" 

1 Ea. 

08 53 13  Window Intus EFORTE nrG4 × 20H × F4 × 18H × HxnrG4  
47" × 22 1/2" 

1 Ea. 

08 91 19  Louver Ruskin ELF375DX Extrudable Aluminum 
Drainable Stationary Louvers 

2 Ea. 

08 91 19  Louver  Ruskin ACL445 Formed Steel Stationary 
Acoustical Louver 

1 Ea. 
 
 
 

08 XX XX  Window Bay Window 1 Ea. 

      

Division 09 Finishes 
  

      

09 30 13  Ceramic Tiling Porcelain 4"x24" Floor and Wall Tile 200 S.F. 

09 30 33  Slate Tiling Vermont slate floor tiling 38 S.F. 
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09 91 23  Interior Paint Paints & Coatings, walls & ceilings, interior, 
concrete, drywall or plaster, zero voc latex, 3 
coats, smooth finish, roller 

1200 S.F. 

09 93 23  Floor Finish Vermont Natural Coatings PolyWhey Floor 
Finish 

4 Gal 

09 93 23  Wood Stain Vermont Natural Coatings Heirloom Wipe-on 
PolyWhey 

10 Qt 

09 93 23  Exterior Wood Stain Vermont Natural Coatings PolyWhey Exterior 
Siding 

15 Gal 

09 93 23  Furniture Finish Vermont Natural Coatings PolyWhey Satin 
Furniture Finish 

2 Gal 

09 93 23  Wood Tint Vermont Natural Coatings Woodtone Series 
Concentrated Tints in Cherry 

2 Qt 

09 97 13  Steel Coating TNEMEC H.B. Tneme-TufCoat Dark Bronze 5 Gal 

09 64 29  Wood Flooring and Trim 3/4" Sugar Maple Strip and Plank Flooring and 
Trim 

959 S.F. 

09 XX XX  Finished Birch Plywood 3/4" on walls and ceilings (also listed in Section 
6) 

2100 S.F. 

      

Division 10 Specialties 
  

      

10 28 13  Mirror Kohler Loure mirror K-11579-CP 1 Ea. 

10 28 13  Towel Bar Kohler Toobi towel bar 1 Ea. 

10 28 13  Toilet Paper Holder Kohler Toobi toilet tissue holder K-5672-CP 1 Ea. 

      

Division 11 Equipment 
  

      

11  XX XX  Induction Range Top Frigidaire Gallery 30", Black FGIC3067MB 1 Ea. 

11  XX XX  Oven Frigidaire 27”, FFEW2725LS 1 Ea. 

11  XX XX  Range Hood Whirlpool 36" Island Hood, GXI6536DXS 1 Ea. 

11  XX XX  Refrigerator/Freezer Frigidaire 17 ft.3 Top-freezer Refrigerator, 
FFHT1725PS 

1 Ea. 

11  XX XX  Dishwasher Frigidaire Gallery, 24” FGHD2472 1 Ea. 

11  XX XX  Clothes Washer Bosch Axxis, 24" WAS20160UC 1 Ea. 

11  XX XX  Clothes Dryer Bosch Axxis, 24", WTE86300US 1 Ea. 
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Division 12 Furnishings 
  

      

12 XX XX  Under Counter Cabinets Custom Cabinets, 34” tall, rule of thumb: 
kitchen cabinets, excl. counters & appliances, 
maximum 

14 L.F. 

12 XX XX  Shelves over Counter and 
Appliances 

Custom Cabinets, rule of thumb: kitchen 
cabinets, excl. counters & appliances, 
maximum 

16 L.F. 

12 XX XX  Island Cabinetry Custom Cabinets, rule of thumb: kitchen 
cabinets, excl. counters & appliances, 
maximum 

7 L.F. 

12 XX XX  Vanity Custom Cabinets, rule of thumb: Bath cabinets, 
excl. counters & fixtures, maximum 

2.5 L.F. 

12 XX XX  Double door Laundry 
Cabinet  

28"x60" 
Custom Cabinets, rule of thumb: Bath cabinets, 
excl. counters & fixtures, maximum 

2 L.F. 

12 36 13  Concrete Countertop Stone Soup Pre-Cast Concrete (Kitchen and 
Bathroom) 

110 S.F. 

Division 13 Special Construction 
  

      

      

Division 14 Conveying Equipment 
  

      

      

Division 21 Fire Suppression 
  

      

21 13 13  Typical Wet Fire Sprinkler 
System 

Sprinkler System Components, 6" fire cycle 
system, controls, includes panel, batteries, 
solenoid valves & pressure switches 

930 SF/livin
g 

  Sprinkler head  8 Ea 

      

Division 22 Plumbing 
  

      

22 11 23  Water Pump Grundfos Pressure Boosting Pump MQ 3-35 1 Ea. 

22 11 16  Typical Copper Rough 
Plumbing Waste Water 
System, Piping, Fittings, 1 
kitchen & 1 bath 

 1 Project 

22 33 13   Electric Water Heater EcoSmart ECO11 Tankless Electric Water 
Heater 

1 Ea. 

22 33 30  Electric Water Heater AO Smith Conservationist 40 Gallon Electric 
Water Tank  

1 Ea. 
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22 41 13  Toilet NIAGARA CONSERVATION Stealth 0.8 GPF 
UHET  

1 Ea. 

22 41 16  Kitchen Sink KOHLER VAULT SINGLE BASIN SINK 1 Ea. 

22 41 39  Kitchen Faucet Kohler Simplice Polished Chrome 1 Ea. 

22 XX XX  Vanity Bowl Handmade ceramic vanity bowl 1 Ea. 

22 41 23  Shower Tiled Shower enclosure 1 Ea. 

22 41 39  Showerhead Kohler Awaken G90 2.0 GPM multifunction 
showerhead 

1 Ea. 

22 41 39  Vanity Faucet Kohler Toobi Bathroom Sink Faucet 1 Ea. 

      

Division 23 Heating, Ventilating, and Air-
Conditioning 
  

      

23 31 13  Ductwork Rule of Thumb, 
cost per square foot of living 
area, Maximum 

1/2 average 461 SF/livin
g 

23 72 00  Air-Air Heat Exchanger 
(Indoor Unit) 

Daikin AC FTQ18PBVJU 1 Ea. 

23 72 00  Air-Air Heat Exchanger 
(Outdoor Unit) 

Daikin AC RZQ18PVJU9 1 Ea. 

23 72 00  Energy Recovery Ventilator UltimateAir, Inc. RecoupAerator Model 200DX 1 Ea. 

      

Division 25 Integrated Automation 
  

      

25 XX XX  Control Damper Ruskin CD60 Low Leakage Control Damper 1 Ea. 

25 XX XX  Control Damper Ruskin CDT!-50 Low Temperature Insulated 
Control Damper 

2 Ea. 

25 10 00  Generic Sensors, Router, 
Software for monitoring 
electrical circuits, heat and 
humidity 

 1 Project 

      

Division 26 Electrical 
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26 XX XX  PV Mounting Rack and 
Ground Lugs 

Lumos LSXRail, Perforated - sized to array, 
ground lug per section of rail 

1 Ea. 

26 31 00  PV Panels Lumos LSX240-60M-C Clear Glass Backing 26 Ea. 

26 XX XX  PV Wire Extension #10AWG PV wire with MC4 connectors, three 
lengths with male and female connectors 

50 L.F. 

26 XX XX  PV Array EGC #6 AWG bare stranded copper – ground rail to 
rail across splice, ground end of rail to steel 
structure and junction box 

25 L.F. 

26 XX XX  Junction Box NEMA 4X  8”x8” outdoor rated 2 Ea. 

26 XX XX 
 

 Terminal Blocks McMaster-Carr 7606k62 terminal blocks – 
rated 600V, 65 A, AWG18-6 

6 Ea. 

26 XX XX  Jumpers McMaster-Carr 7606k37 jumpers 2 Ea. 

26 XX XX  PV Source Circuit #10 AWG THWN-2 100 L.F. 

26 XX XX  PV Source Circuit #6 AWG Bare Solid Copper 100 L.F. 

26 XX XX  Inverter/DC Disconnect PowerOne Aurora Uno PVI-6000-TL 1 Ea. 

26 XX XX  AC Disconnect SquareD Disconnect DU222RB 240V AC 2P 60A 1 Ea. 

26 XX XX  Load Panel SquareD 225A 42Circuit Main Lug Only Panel 
QO142L225G 

1 Ea. 

26 XX XX  Meter/Utility Disconnect Milbank 200A 4 Meter Socket with 200A 
Breaker, U3990-XL-200 

4 Ea. 

26 XX XX  SE EGC #4 AWG Bare Solid Copper 50 L.F. 

26 XX XX  SE Cabling 300MCM Aluminum 50 L.F. 

  Cable Cover DO-Max Drop Over Cable Protector (where  
conduit crosses tour route to Organizer Panel) 

1 Ea. 

26 05 19  Home Circuits #12-2 w/GG NM-B 500 L.F. 

26 05 19  Home Circuits #12-3 w/GG NM-B 50 L.F. 

26 05 19  Home Circuits #8-2 w/GG NM-B 30 L.F. 

26 XX XX  Circuit Breakers See E-603 for an itemized list of circuit breaker 
sizes 

  

26 05 19  Wire Splice Kit Nsi - 2 Wire w/GG -- #12 - #14 AWG UL Listed 150 Ea. 

26 05 19  Wire Splice Kit Nsi - 3 Wire w/GG -- #12 - #14 AWG UL Listed 50 Ea. 

26 XX XX  Indoor Receptacles 180VA AFCI 15 Ea. 

26 XX XX  Indoor Receptacles 180VA GFCI 12 Ea. 

26 XX XX  GFCI Weather Resistant 
Receptacle 

Leviton WT599-KW Weather resistant 120V 
Duplex Receptacle 

2 Ea. 

26 XX XX  240V Receptacle  2 Ea. 

26 XX XX  Receptacle Enclosure Receptacle Enclosure for Weatherproofing 2 Ea. 
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26 XX XX  Light Switch 2-Way Toggle  10 Ea. 

26 XX XX  Light Switch 2-Way Dimmer 2 Ea. 

26 XX XX  Light Switch 3-Way Dimmer 2 Ea. 

26 51 13  Pendant Graypants Scrap Moon Pendant 1 Ea. 

26 51 13  Pendant SeaGull Single-Light Stainless Pendant 6519-98 1 Ea. 

26 51 13  Pendant E20263-10 – Hagen LED Pendant 2 Ea. 

26 51 13  Sconce Costanzina 120V White 2 Ea. 

26 51 13  VANITY LIGHT Lighting House LED Light Bar 1 Ea. 

26 51 13  LED Strip Coronis 240 Waterproof High Output LED Strip 
Light 

9 L.F. 

26 51 13  LED Strip Coronis 240 High Output LED Strip Light 150 L.F. 

26 56 00  Sconce Lighting House 6” Cord Mount Cylinder 1 Ea. 

26 56 00  Sconce RAB SLIM18Y Bronze LED wallpack 2 Ea. 

      

Division 27 Communications 
  

      

      

Division 28 Electronic Safety and Security 
  

      

28 31 00  Fire & Carbon Monoxide 
Alarm 

First Alert AC powered alarm with battery 
backup. Model SC9120B 

3 Ea. 

      

Division 31 Earthwork 
  

      

      

Division 32 Exterior Improvements 
  

      

32 93 13  Ground Cover Hay bales and potted plants 300 S.F. 
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Construction Specifications 
Division 00 – Procurement and Contracting Requirements 

Division 01 - General Requirements 

Division 02 – Existing Conditions 

Division 03 – Concrete 

Division 04 – Masonry 

Division 05 – Metals 

05 12 13 AESS 

05 50 00  Metal Fabrications 

05 52 00 Metal Railings 

Division 06 – Wood, Plastics, and Composites 

06 16 00   Sheathing (ZIP System) 

06 17 53   TJI and Shop Fabricated Wood Trusses 

06 18 00  Glue Laminated Construction 

06 40 00  Architectural Woodwork 

06 40 13   Exterior Architectural Woodwork 

06 40 23  Interior Architectural Woodwork 

Division 07 – Thermal and Moisture Protection 

07 21 00   Thermal Insulation 

07 33 63   Green Roof 

07 61 00   Sheet Metal Roofing and Accessories 

07 62 00  Sheet Metal Flashing and Trim 

07 63 16  Sheet Metal Roofing Specialties 

Division 08 – Openings 

08 30 00 Doors 

08 50 00 Windows 

08 71 00   Door Hardware 

Division 09 – Finishes 

09 29 00  Finished Plywood  

09 64 00  Wood Flooring and Wall Paneling 

09 91 00   Painting 

Division 10 – Specialties 

10 28 13    Toilet, Bath, and Laundry Accessories 

Division 11 – Equipment 

11 31 00   Residential Appliances 

Division 12 – Furnishings 

12 93 00  Site Furnishings 

Division 13 – Special Construction 

Division 14 – Conveying Equipment 



      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 140 

Division 21 – Fire Suppression 

21 00 10 Fire Suppression Piping 

Division 22 – Plumbing 

22 05 00  Plumbing General Provisions 

22 10 05  Plumbing Piping 

22 30 00  Plumbing Equipment 

22 40 00  Plumbing Fixtures 

Division 23 – Heating, Ventilating, and Air-Conditioning (HVAC) 

23 05 00  Mechanical General Provisions 

23 05 13 Common Motor Requirements for HVAC Equipment 

23 05 16 Expansion Fittings and Loops for HVAC Piping 

23 05 19 Meters and Gauges 

23 05 48 Vibration and Seismic Controls for HVAC and Piping and Equipment 

23 05 53  Identification for HVAC and Plumbing Piping and Equipment 

23 05 93  Testing, Adjusting, and Balancing for HVAC 

23 07 13  Duct Insulation 

23 07 16  HVAC Equipment Insulation 

23 07 19  HVAC Piping Insulation 

23 23 00  Refrigerant Piping 

23 31 00  HVAC Ducts and Casings 

23 33 00  Air Duct Accessories 

23 37 00  Air Outlets and Inlets 

23 41 00  Air Filters 

23 72 27  Air to Air Heat Recovery Units 

23 81 27  Small Split-System Heating and Cooling 

Division 25 – Integrated Automation 

25 00 00  HVAC Instrumentation and Controls  

Division 26 – Electrical 

26 05 19  Low-Voltage Electrical Power Conductors and Cables 

26 05 26   Grounding and Bonding for Electrical Systems 

26 05 29   Hangers and Supports for Electrical Systems  

26 05 34   Conduit 

26 05 37   Boxes  

26 05 53   Identification for Electrical Systems 

26 24 16  Panelboards 

26 27 01   Electrical Service Entrance 

26 27 16   Electrical Cabinets and Closures 

26 27 17   Equipment Wiring 

26 27 26   Wiring Devices  
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26 28 13   Fuses  

26 28 17   Enclosed Circuit Breakers 

26 28 18   Enclosed Switches  

26 31 00   Photovoltaic Collectors  

26 43 00   Surge Protector Devices 

26 51 00   Interior Lighting 

Division 27 – Communications 

27 00 00  Tele/Data Systems 

Division 28 – Electronic Safety and Security 

28 31 00  Fire Detection and Alarm 

Division 31 – Earthwork 

Division 32 – Exterior Improvements 

32 92 00  Exterior Plants 

Division 33 – Utilities 

Division 34 – Transportation 

Division 35 – Waterway and Marine Construction 

Division 40 – Process Integration 

Division 41 – Material Processing and Handling Equipment 

41 22 00  Crane 

Division 42 – Process Heating, Cooling, and Drying Equipment 

Division 43 – Process Gas and Liquid Handling, Purification, and Storage Equipment 

Division 44 – Pollution Control Equipment 

Division 45 – Industry-Specific Manufacturing Equipment 

Division 48 – Electrical Power Generation 

Division 48 – Electrical Power Generation 

48 10 00 Electrical Power Generation Equipment 
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SECTION 05 12 13 

AESS (ARCHITECTURALLY EXPOSED STRUCTURAL STEEL FRAMING) 

PART 1 - GENERAL 

1.01 DEFINITIONS 

A.  Architecturally Exposed Structural Steel:  Structural steel designated as "architecturally exposed 

structural steel" or "AESS" in the Contract Documents. 

1.02 SUBMITTALS  

A. Shop Drawings:  Show fabrication of AESS components. [Shop Drawings for structural steel may be used 

for AESS provided items of AESS are specifically identified and requirements below are met for AESS.] 

1. Include details of cuts, connections, splices, camber, holes, and other pertinent data. 

2. Include embedment drawings. 

3. Indicate welds by standard AWS symbols, distinguishing between shop and field welds, and 

show size, length, and type of each weld.  Show backing bars that are to be removed and 

supplemental fillet welds where backing bars are to remain.[  Indicate grinding, finish, and 

profile of welds.] 

4. Indicate type, size, and length of bolts, distinguishing between shop and field bolts.  Identify 

pretensioned and slip-critical high-strength bolted connections.[  Indicate orientation of bolt 

heads.] 

5. Indicate exposed surfaces and edges and surface preparation being used. 

6. Indicate special tolerances and erection requirements. 

1.03 QUALITY ASSURANCE 

A. Installer Qualifications:  A qualified installer who participates in the AISC Quality Certification Program 

and is designated an AISC-Certified Erector, Category [ACSE] [CSE]. 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. Use special care in handling to prevent twisting, warping, nicking, and other damage.  Store materials to 

permit easy access for inspection and identification.  Keep steel members off ground and spaced by 

using pallets, dunnage, or other supports and spacers.  Protect steel members and packaged materials 

from corrosion and deterioration. 

1. Do not store materials on structure in a manner that might cause distortion, damage, or 

overload to members or supporting structures.  Repair or replace damaged materials or 

structures as directed. 

1.05 PROJECT CONDITIONS 

A. Field Measurements:  Where AESS is indicated to fit against other construction, verify actual dimensions 

by field measurements before fabrication. 

1.06 COORDINATION 

A. Coordinate selection of shop primers with topcoats to be applied over them.  Comply with paint and 

coating manufacturers' recommendations to ensure that shop primers and topcoats are compatible with 

one another. 
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PART 2 - PRODUCTS 

2.01 BOLTS, CONNECTORS, AND ANCHORS 

A. Tension-Control, High-Strength Bolt-Nut-Washer Assemblies:  ASTM F 1852, Type 1, round-head 

assemblies, consisting of steel structural bolts with splined ends, heavy-hex carbon-steel nuts, and 

hardened carbon-steel washers. 

2.02 Finish:  [Plain] [Mechanically deposited zinc coating]. 

A. Corrosion-Resisting (Weathering Steel), Tension-Control, High-Strength Bolt-Nut-Washer Assemblies:  

ASTM F 1852, Type 3, round-head assemblies, consisting of steel structural bolts with splined ends, 

heavy-hex carbon-steel nuts, and hardened carbon-steel washers. 

2.03 PRIMER 

A. Primer:  Comply with [Division 09 painting Sections.] [Division 09 Section "High-Performance Coatings."] 

[Division 09 painting Sections and Division 09 Section "High-Performance Coatings."] 

2.04 FABRICATION 

A. Shop fabricate and assemble AESS to the maximum extent possible.  Locate field joints at concealed 

locations if possible.  Detail assemblies to minimize handling and to expedite erection. 

B. In addition to special care used to handle and fabricate AESS, comply with the following: 

1. Fabricate with exposed surfaces smooth, square, and free of surface blemishes including 

pitting, rust, scale, and roughness. 

2. Grind sheared, punched, and flame-cut edges of [Category 1] <Insert categories> AESS 

to remove burrs and provide smooth surfaces and edges. 

3. Fabricate [Category 1] <Insert categories> AESS with exposed surfaces free of mill 

marks, including rolled trade names and stamped or raised identification. 

4. Fabricate [Category 1 and Category 2] <Insert categories> AESS with exposed surfaces 

free of seams to maximum extent possible. 

5. Remove blemishes by filling or grinding or by welding and grinding, before cleaning, 

treating, and shop priming. 

6. Fabricate with piece marks fully hidden in the completed structure or made with media 

that permits full removal after erection. 

7. Fabricate [Category 1] <Insert categories> AESS to the tolerances specified in AISC 303 

for steel that is designated AESS. 

8. Fabricate [Category 2 and Category 3] <Insert categories> AESS to the tolerances 

specified in AISC 303 for steel that is not designated AESS. 

9. Seal-weld open ends of hollow structural sections with 3/8-inch (9.5-mm) closure plates 

for [Category 1] <Insert categories> AESS. 

C. Coping, Blocking, and Joint Gaps:  Maintain uniform gaps of 1/8 inch (3.2 mm) with a tolerance of 1/32 

inch (0.8 mm) for [Category 1] <Insert categories> AESS 

D. Bolt Holes:  Cut, drill, [mechanically thermal cut, ]or punch standard bolt holes perpendicular to metal 

surfaces 
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E. Holes:  Provide holes required for securing other work to structural steel and for other work to pass 

through steel framing members. 

1. Cut, drill, or punch holes perpendicular to steel surfaces.[  Do not thermally cut bolt 

holes or enlarge holes by burning.] 

2. Baseplate Holes:  Cut, drill, mechanically thermal cut, or punch holes perpendicular to 

steel surfaces. 

3. Weld threaded nuts to framing and other specialty items indicated to receive other 

work. 

2.05 SHOP CONNECTIONS 

A. High-Strength Bolts:  Shop install high-strength bolts according to RCSC's "Specification for Structural 

Joints Using ASTM A 325 or A 490 Bolts" for type of bolt and type of joint specified 

B. Joint Type:  [Snug tightened] [Pretensioned] [Slip critical]. 

 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Verify, with steel erector present, elevations of concrete- and masonry-bearing surfaces and locations of 

anchor rods, bearing plates, and other embedments for compliance with requirements. 

1. Prepare a certified survey of bearing surfaces, anchor rods, bearing plates, and other 

embedments showing dimensions, locations, angles, and elevations. 

A. Examine AESS for twists, kinks, warping, gouges, and other imperfections before erecting. 

3.02 PREPARATION 

A. Provide temporary shores, guys, braces, and other supports during erection to keep AESS secure, plumb, 

and in alignment against temporary construction loads and loads equal in intensity to design loads.  

Remove temporary supports when permanent structural steel, connections, and bracing are in place 

unless otherwise indicated. 

1. If possible, locate welded tabs for attaching temporary bracing and safety cabling where 

they will be concealed from view in the completed Work 

2. Do not remove temporary shoring supporting composite deck construction until cast-in-

place concrete has attained its design compressive strength. 

3.03 ERECTION 

A. Set AESS accurately in locations and to elevations indicated and according to AISC 303 and AISC 360. 

1. Erect [Category 1] <Insert categories> AESS to the tolerances specified in AISC 303 for 

steel that is designated AESS. 

B. Do not use thermal cutting during erection[ unless approved by Architect.  Finish thermally cut sections 

within smoothness limits in AWS D1.1/D1.1M]. 

3.04 FIELD CONNECTION 

A. High-Strength Bolts:  Install high-strength bolts according to RCSC's "Specification for Structural Joints 

Using ASTM A 325 or A 490 Bolts" for type of bolt and type of joint specified. 
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1. Joint Type:  [Snug tightened] [Pretensioned] [Slip critical]. 

2. Orient bolt heads [as indicated on Drawings] [in same direction for each connection and 

to maximum extent possible in same direction for similar connections]. 

B. Weld Connections:  Comply with requirements in "Weld Connections" Paragraph in "Shop Connections" 

Article. 

1. Remove backing bars or runoff tabs; back-gouge and grind steel smooth for AESS. 

2. Remove erection bolts in AESS, fill holes, and grind smooth. 

3. Fill weld access holes in AESS and grind smooth. 

 

 

END OF SECTION 
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SECTION 05 50 00  

METAL FABRICATIONS 

PART 1 – GENERAL 

1.01 SECTION REQUIREMENTS 

A. Submittals:  Shop Drawings showing details of fabrication and installation. 

 

PART 2 - PRODUCTS 

2.01 METALS 

A. Mechanical room grating. 1” aluminum I-bar, ped. span 56”. SGI series. 

2.02 STEEL AND IRON FINISHES 

A. Hot-dip galvanize steel fabrications at exterior locations. 

B. Steel panel & interior ribbing architectural steel 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Perform cutting, drilling, and fitting required for installing miscellaneous metal fabrications.  Set metal 

fabrication accurately in location, alignment, and elevation; with edges and surfaces level, plumb, true, 

and free of rack. 

B. Fit exposed connections accurately together to form hairline joints. 

 

END OF SECTION  
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SECTION 05 52 00 

METAL RAILINGS 

PART 1 - GENERAL  

1.01 SECTION REQUIREMENTS 

A. Provide railings capable of withstanding a uniform load of 50 lbf/ ft. (0.73 kN/m) and a concentrated load of 

200 lbf (0.89 kN) applied to handrails and top rails of guards in any direction.  Uniform and concentrated 

loads need not be assumed to act concurrently. 

B. Provide railing infill capable of withstanding a concentrated load of 50 lbf (0.22 kN) applied horizontally on 

an area of 1 sq. ft. (0.093 sq. m).  Infill load and other railing loads need not be assumed to act concurrently. 

 

PART 2 - PRODUCTS 

2.01 MANUFACTURERS 

A. Fabricated by Lou Nop’s Metal Shop to match drawings.  

2.02 METALS 

A. Stainless-Steel Strip:  ASTM A 554, 1" width, 3/8" depth, length of hand rails 

2.03 FABRICATION 

A. Cut steel strips to dimension in shop. 

 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Install each strip sequentially, abutting ends in the middle of railing posts. 

B. Set railings accurately in location, alignment, and elevation. 

 

END OF SECTION 
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SECTION 06 16 00 

SHEATHING (ZIP SYSTEM) 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Combination wall sheathing, water-resistive barrier, and air barrier. 

2. Combination roof sheathing and roof underlayment. 

3. Self-adhering flexible flashing. 

1.02 ACTION SUBMITTALS 

A. Product Data:  For each type of process and factory-fabricated product.  Indicate component materials 

and dimensions and include construction and application details. 

1. For panels with integral water resistive barrier, include data on air-/moisture-infiltration 

protection based on testing according to referenced standards. 

1.03 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Capable of demonstrating that all wood procurement operations are 

conducted in accordance with procedures and policies of the Sustainable Forestry Initiative (SFI) 

Program. 

B. Code Compliance:  Comply with requirements of the following: 

1. International Code Council (ICC), ICC-ESR1473 (ZIP System Roof Sheathing). 

2. International Code Council (ICC), ICC-ESR1474 (ZIP System Wall Sheathing). 

3. International Code Council (ICC), ICC-ESR2227 (ZIP System Tape). 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. Outdoor Storage: Comply with manufacturer’s recommendations 

1. Set panel bundles on supports to keep off ground. 

2. Cover panels loosely with waterproof protective material. 

3. Anchor covers on top of stack, but keep away from sides and bottom to assure adequate air 

circulation. 

4. When high moisture conditions exist, cut banding on panel stack to prevent edge damage. 

1.05 WARRANTY 

A. Include special Project warranties only in those Sections where availability has been verified with 

contractors and manufacturers. When warranties are required, verify with Owner’s counsel that special 

warranties stated in this article are not less than remedies available to Owner under prevailing local 

laws. 

B. Special Warranty: Manufacturer’s standard form in which manufacturer agrees to repair or replace 

components of sheathing system that fail due to manufacturing defects within specified warranty 

period. 

1. System Warranty Period: 15 years from date of Substantial Completion. 

2. Panel Warranty Period: 30 years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.01 WOOD PANEL PRODUCTS 

A. All Huber Engineered Woods panels contained in this Section are manufactured using orientated strand 

board. 

B. Oriented Strand Board:  DOC PS 2. 

C. Thickness:  As needed to comply with requirements specified, but not less than thickness indicated. 

D. Factory mark panels to indicate compliance with applicable standard. 

2.02 COMBINATION WALL SHEATHING, WATER-RESISTIVE BARRIER, AND AIR BARRIER 

A. Oriented-Strand-Board Wall Sheathing:  With integral water-resistive barrier, Exposure 1 sheathing. 

1. Basis-of-Design Product:  Subject to compliance with requirements, provide Huber Engineered 

Woods LLC; ZIP System Wall Sheathing. 

2. Span Rating and Nominal Thickness:  Not less than 32/16; 1/2 inch (13 mm). 

3. Edge Profile:  Self-spacing profile. 

4. Provide fastening guide on top panel surface with pre-spaced fastening symbols for 24-inches 

(610 mm) on centers spacings. 

5. Performance Standard:  DOC PS2 and ICC-ES ESR-1474.Factory laminated integral water-resistive 

barrier facer. 

6. Perm Rating of Integral Water-Resistive Barrier:  12-16 perms. 

7. Assembly maximum air leakage of 0.0072 cfm/sq. ft. (0.037 L/s x sq. *m) infiltration and 0.0023 

cfm/ sq. ft. (0.012 L/s x sq.*m) exfiltration at a pressure differential of 1.57 psf (75 Pa). 

8. Exposure Time:  Designed to resist weather exposure for 120 days. 

2.03 COMBINATION ROOF SHEATHING AND ROOF UNDERLAYMENT 

A. Oriented-Strand-Board Roof Sheathing:  [With integral water-resistive barrier, Exposure 1, Structural I] 

[With integral water-resistive barrier, Exposure 1] sheathing. 

1. Basis-of-Design Product:  Subject to compliance with requirements, provide Huber Engineered 

Woods LLC; ZIP System Roof Sheathing. 

2. Span Rating and Nominal Thickness:  Not less than; 5/8 inch (15.9 mm) 

3. Edge Profile:  Tongue and groove. 

4. Provide fastening guide on top panel surface with pre-spaced fastening symbols for 24-inches 

(610 mm) on center spacings. 

5. Performance Standard: DOC PS2 and ICC-ES ESR-1473. 

6. Factory laminated integral roofing underlayment facer. 

7. Exposure Time:  Designed to resist weather exposure for 120 days. 
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2.04 FASTENERS 

A. For roof and wall sheathing, determine type and spacing of fasteners acceptable to authority having 

jurisdiction. 

B. General:  Provide fasteners of size and type that comply with requirements specified in this article by 

the authority having jurisdiction, International Building Code, International Residential Code, Wood 

Frame Construction manual, and National Design Specification. 

2.05 MISCELLANEOUS MATERIALS 

A. Self-Adhering Tape:  Pressure-sensitive, self-adhering, cold-applied, proprietary seam tape consisting of 

polyolefin film with acrylic adhesive. 

1. Basis-of-Design Product:  Subject to compliance with requirements provide Huber Engineered 

Woods; ZIP System Tape. 

2. Thickness:  0.012 inch (0.3 mm). 

3. Code Compliance:  Comply with requirements of authorities having jurisdiction and ICC 

Evaluation Service, Inc. "AC148 (2006) - Acceptance Criteria for Flexible Flashing Material." 

PART 3 - EXECUTION 

3.01 INSTALLATION, GENERAL 

A. Do not use materials with defects that impair quality of sheathing or pieces that are too small to use 

with minimum number of joints or optimum joint arrangement. 

B. Cut panels at penetrations, edges, and other obstructions of work; fit tightly against abutting 

construction unless otherwise indicated. 

C. Securely attach to substrate by fastening as indicated, complying with the following: 

1. NES NER-272 for power-driven fasteners. 

2. Chapter 23 in ICC's "International Building Code." 

3. Table R602.3(1), "Fastener Schedule for Structural Members," and Table R602.3(2), "Alternate 

Attachments," in ICC's "International Residential Code for One- and Two-Family Dwellings. 

4. Use common wire nails unless otherwise indicated.  Select fasteners of size that will not fully 

penetrate members where opposite side will be exposed to view or will receive finish materials.  

Make tight connections.  Install fasteners without splitting wood. 

5. Coordinate wall and roof sheathing installation with flashing and joint-sealant installation so 

these materials are installed in sequence and manner that prevent exterior moisture from 

passing through completed assembly. 

6. Do not bridge building expansion joints; cut and space edges of panels to match spacing of 

structural support elements. 

7. Only mechanically attached and drainable EIFS and exterior insulation should be used with ZIP 

System wall sheathing. 

3.02 WOOD STRUCTURAL PANEL INSTALLATION 

A. General:  Comply with applicable recommendations in APA Form No. E30, "Engineered Wood 

Construction Guide," for types of structural-use panels and applications indicated. 
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B. Fastening Methods:  Fasten panels as indicated below: 

1. Wall and Roof Sheathing: 

a. Nail to wood framing. 

b. Screw to cold-formed metal framing. 

c. APA Recommends spacing panels 1/8 inch apart at edges and ends. 

d. Space panels 1/8 inch (3 mm) apart at edges and ends. 

e. Install fasteners 3/8 inch (9.5 mm) to 1/2 inch (12.7 mm) from panel edges. 

f. Space fasteners in compliance with requirements of authority having jurisdiction. 

3.03 SHEATHING JOINT TREATMENT 

A. Seal sheathing joints according to sheathing manufacturer's written instructions. 

1. Apply proprietary seam tape to joints between sheathing panels. 

2. Utilize self-adhering tape gun or hard rubber roller provided by manufacturer to ensure tape is 

completely adhered to substrates. 

3.04 FLEXIBLE FLASHING INSTALLATION 

A. Apply flexible flashing where indicated to comply with manufacturers written instructions. 

1. After flashing has been applied, roll surfaces with a hard rubber to ensure that flashing is 

completely adhered to substrates. 

 

END OF SECTION 
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SECTION 06 17 53 

TJI AND SHOP FABRICATED WOOD TRUSSES 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Truss Joist TJI Joist as structural wood for floors and wall sections. 

2. 18 inch Open-Web Wood Joist  

1.02 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Capable of demonstrating that all wood procurement operations are 

conducted in accordance with procedures and policies of the Sustainable Forestry Initiative (SFI) 

Program. 

B. Code Compliance: Comply with requirements of the following: 

1. International Code Council (ICC), ICC ES ESR-1153 

2. International Code Council (ICC), ICC ES ESR-1387 

1.03 STORAGE AND HANDLING 

A. Outdoor Storage: Comply with manufacturer’s recommendations 

1. Protect product from sun and water 

2. Use support blocks at 10’ on-center to keep bundles out of mud and water 

3. Use caution when handling wrapped product in icy or rainy conditions 

B. Handling 

1. Do not walk on joists until braced. 

2. Do not stack building materials on unsheathed joists. Stack only over beams or walls. 

3. Do not walk on joists that are lying flat. 

 

PART 2 - PRODUCTS 

2.01 TRUSS JOIST TJI JOIST 

A. As specified in construction documentation.  

B. Thickness:  As needed to comply with requirements specified, but not less than thickness indicated. 

C. Factory mark panels to indicate compliance with applicable standard. 

2.02 18" OPEN-WEB WOOD JOIST 

A. As specified in construction documentation. 

 

PART 3 - EXECUTION  

3.01 INSTALLATION OF TJI, GENERAL 

A. Do not use materials with defects that impair quality of wall or floor structure. 

B. Cut beams at penetrations, edges, and other obstructions of work; fit tightly against abutting 

construction unless otherwise indicated. 
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C. All blocking, hangers, rim boards, and rim joists at the end supports of the TJI® joists must be completely 

installed and properly nailed. 

D. Lateral strength, like a braced end wall or an existing deck, must be established at the ends of the bay. 

This can also be accomplished by a temporary or permanent deck (sheathing) fastened to the first 4 feet 

of joists at the end of the bay. 

E. Safety bracing of 1x4 (minimum) must be nailed to a braced end wall or sheathed area (as in note 2) and 

to each joist. Without this bracing, buckling sideways or rollover is highly probable under light 

construction loads—such as a worker or one layer of unnailed sheathing. 

F. Sheathing must be completely attached to each TJI® joist before additional loads can be placed on the 

system. 

G. Ends of cantilevers require safety bracing on both the top and bottom flanges. 6. The flanges must 

remain straight within a tolerance of 1⁄2" from true alignment. 

H. DO NOT use sawn lumber for rim board or blocking as it may shrink after installation. Use only 

engineered lumber wood backer less than 5". 

I. DO NOT bevel cut joist beyond inside face of wall.  

J. DO NOT install hanger overhanging face of plate or beam. Flush bearing plate with inside face of wall or 

beam.       

 

 

END OF SECTION 
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SECTION 06 18 00 

GLUE LAMINATED CONSTRUCTION 

PART 1 - GENERAL   

1.01 SUMMARY 

A. Section Includes: 

1. Parallel Strand Lumber (PSL), Trus Joist, Parallam  

2. Laminated Veneer Lumber (LVL), Trus Joist, Microllam 

1.02 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Capable of demonstrating that all wood procurement operations are 

conducted in accordance with procedures and policies of the Sustainable Forestry Initiative (SFI) 

Program. 

B. Code Compliance:  Comply with requirements of the following: 

1. International Code Council (ICC), ICC ES ESR-1387 

2. US Housing and Urban Development (HUD), HUD MR 1265 

1.03 STORAGE AND HANDLING 

A. Outdoor Storage: Comply with manufacturer’s recommendations 

1. Protect product from sun and water 

2. Use support blocks at 10’ on-center to keep bundles out of mud and water 

3. Use caution when handling wrapped product in icy or rainy conditions 

1.04 WARRANTY 

A. Limited Lifetime Warranty: Manufacturer’s standard form in which manufacturer agrees to repair or 

replace LVLs and PSLs that fail due to delamination or manufacturing defects and pay cost of labor for 

the replacement. 

 

PART 2 - PRODUCTS 

2.01 Parallel Strand Lumber, Trus Joist, Parallam 

A. As specified in construction documentation. 

B. Thickness:  As needed to comply with requirements specified, but not less than thickness indicated. 

C. Factory mark panels to indicate compliance with applicable standard. 

2.02 Laminated Veneer Lumber, Trus Joist, Microllam 

A. As specified in construction documentation.  

B. Thickness:  As needed to comply with requirements specified, but not less than thickness indicated. 

C. Factory mark panels to indicate compliance with applicable standard. 

 

PART 3 - EXECUTION  

3.01 INSTALLATION, GENERAL 

A. Do not use materials with defects that impair quality of wall or floor structure. 
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B. Cut beams at penetrations, edges, and other obstructions of work; fit tightly against abutting 

construction unless otherwise indicated. 

 

 

END OF SECTION 
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SECTION 06 40 00 
ARCHITECTURAL WOODWORK 

PART 1 ‑ GENERAL 
1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General Conditions, Division 01 ‑ General 
Requirements, and other applicable specification sections in the Project Manual apply to the work 
specified in this Section. 

1.02 SUMMARY 
A. Scope:  Provide labor, material, equipment, related services, and supervision required, including, but not 

limited to, manufacturing, fabrication, erection, and installation for architectural woodwork as required 
for the complete performance of the work, and as shown on the Drawings and as herein specified. 

1.03 REFERENCES 
A. General:  The publications listed below form a part of this Specification to the extent referenced.  The 

publications are referred to in the text by the basic designation only.  The edition/revision of the 
referenced publications shall be the latest date as of the date of the Contract Documents, unless 
otherwise specified. 

B. American Wood Council (AWC): 
1. AWC DCA, "Design for Code Acceptance. 

C. Architectural Woodwork Institute (AWI): 
1. AWI AWS, "Architectural Woodwork Standards." 

D. ASTM (ASTM): 
1. ASTM D 523, "Standard Test Method for Specular Gloss." 
2. ASTM E 84, "Standard Test Method for Surface Burning Characteristics of Building Materials." 

E. Forest Stewardship Council (FSC): 

1. FSC STD‑01‑001, "FSC Principles and Criteria for Forest Stewardship." 
F. Hardwood Plywood and Veneer Association (HPVA): 

1. ANSI/HPVA HP‑1, "American National Standard for Hardwood and Decorative Plywood" 
(copyrighted by HPVA, ANSI approved). 

2. HPVA HPH, "Hardwood Plywood Handbook.” 
3. HPVA VSG, "Veneer Species Guide.” 

1.04 SUBMITTALS 

A. General:  See Section 01 33 00 ‑ Submittal Procedures. 
B. Product Data:  Submit product data showing material proposed.  Submit sufficient information to 

determine compliance with the Drawings and Specifications.  Submit product data for each type of 
product and process specified and incorporated into items of architectural woodwork during fabrication, 
finishing, and installation. 

C. Shop Drawings:  Submit shop drawings for each product and accessory required.  Include information 
not fully detailed in manufacturer’s standard product data, including, but not limited to, location of each 
item in dimensioned plans and elevations, large scale details, attachment devices, and other 
components. 

D. Samples: 
1. Submit samples for initial selection.  Submit samples of each specified finish.  Submit samples in 

form of manufacturer’s charts showing veneers and finishes available. 
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2. Submit samples for verification purposes.  Additional samples may be required to show 
fabrication techniques and workmanship. 

E. Quality Control Submittals: 
1. Fire Retardant Treatment Data:  Submit fire retardant treatment data for material treated to 

reduce combustibility. 
F. Submittals that comply with Middlebury Solar Decathlon environmental standards: 

1. Recycled Content Materials: Provide product data and certification letter indicating percentages 

by weight of post‑consumer and pre‑consumer recycled content for products having recycled 
content.  Include statement indicating costs for each product having recycled content. 

2. Regional Materials: Provide product data for regional materials indicating location and distance 
from the Project of material manufacturer and point of extraction, harvest, or recovery for each 
raw material.  Distance shall be within 500 miles (805 Km) of the Project Site.  Include statement 
indicating cost for each regional material and, if applicable, the fraction by weight that is 
considered regional.  

3. Certified Wood: Provide product invoice documentation, including, but not limited to, product 

description, FSC‑claim, and chain‑of‑custody certificates, confirming what quantity, if any, of 

wood‑based materials are certified in accordance with the Forest Stewardship Council 
(http://www.fsc.org) guidelines for wood products. 

4. Low‑Emitting Materials: Submit cut sheet and/or CARB TPC certification by the manufacturer 
confirming that products (i.e., plywood, particleboard, medium density fiberboard, insulation, 

etc.) contain no added urea‑formaldehyde resins 
1.05 QUALITY ASSURANCE 

A. Regulatory Requirements:  Comply with applicable requirements of the laws, codes, ordinances, and 
regulations of Federal, State, and local authorities having jurisdiction.  Obtain necessary approvals from 
such authorities. 

B. Quality Standard:  Comply with AWI AWS for grades of architectural woodwork, construction, finishes, 
and other requirements.  Provide AWI certification labels or AWI certificates of compliance indicating 
that woodwork meets requirements of grades specified 

C. Surface Burning Characteristics:  Provide materials with the following characteristics as determined by 
testing identical products per ASTM test method indicated below, by Underwriters Laboratories, Inc. 
(UL), Intertek Testing Services (ITS), Hardwood Plywood and Veneer Association (HPVA), or another 
inspecting and testing agency acceptable to authorities having jurisdiction. 

1. Surface burning characteristics shall not exceed values indicated below, tested per ASTM E 84. 
2. FLAME SPREAD OF 200 OR BELOW IS ACCEPTABLE FOR CLASS III (CLASS C) CODE 

REQUIREMENTS. 
a. Flame Spread:  200. 
b. Smoke Developed:  450. 

3. Veneer of a thickness of 1/28 inch (0.9 mm) or less can be applied to a fire‑resistant core and 

still retain fire‑resistant core properties according to AWC DCA. 

A. Mock‑Ups:  Prior to installation of the work, fabricate and erect mock‑ups for each type of finish and 
application required to verify selections made under sample submittals and to demonstrate aesthetic 

effects as well as qualities of materials and execution.  Build mock‑ups using materials indicated for final 
unit of work. 

http://www.fsc.org/
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A. Pre‑Installation Conference:  Conduct pre‑installation conference in accordance with 

Section 01 31 19 ‑ Project Meetings.  Prior to commencing the installation, meet at the Project site to 

review the material selections, installation procedures, and coordination with other trades.  Mock‑ups 

shall be reviewed during the pre‑installation conference.  Pre‑installation conference shall include, but 
shall not be limited to, the Contractor, the Installer, and any trade that requires coordination with the 

work.  Date and time of the pre‑installation conference shall be acceptable to the Owner and the 
Architect. 

1.06 STORAGE AND HANDLING 
A. Store decorative hardwood plywood and fabricated products in dry interior locations where temperature 

is maintained between 60°F (16°C) and 90°F (32°C) and relative humidity is maintained between 
30 percent and 55 percent 

B. Remove or loosen plastic wrappings.  Sticker individual panels to hasten acclimatization. 
C. Cover decorative hardwood plywood panels and fabricated products to protect from exposure to light 

until installed. 
D. Protect decorative hardwood plywood from edge and surface damage 

1.07 PROJECT CONDITIONS 

A. Environmental Limitations:  Do not deliver or install work until building is enclosed, wet‑work is 
completed and nominally dry, and HVAC system is operating and will maintain temperature and relative 
humidity at occupancy levels during the remainder of the construction perioD 

 

PART 2 ‑ PRODUCTS 
2.01 MATERIALS 

A. Core Hardwood Plywood:  Provide PureBond® process domestic veneer core hardwood plywood as 
manufactured by Columbia Forest Products, as specified in construction documentation. 

B. Thickness:  As shown on the Drawings. 
 

PART 3 ‑ EXECUTION 
3.01 EXAMINATION 

A. Verification of Conditions:  Examine areas and conditions under which the work is to be installed, and 
notify the Contractor in writing, with a copy to the Owner and the Architect, of any conditions 
detrimental to the proper and timely completion of the work.  Do not proceed with the work until 
unsatisfactory conditions have been corrected. 

1. Beginning of the work shall indicate acceptance of the areas and conditions as satisfactory by 
the Installer. 

3.02 PREPARATION 
A. Condition work to average prevailing humidity conditions in installation areas before installing.  Before 

installing work, examine shop‑fabricated work for completion and complete work as required. 
3.03 INSTALLATION 

A. General:  Install in accordance with reviewed product data, final shop drawings, manufacturer’s written 
recommendations, and as indicated on the Drawings. 

B. Quality Standard:  Install architectural woodwork to comply with AWI AWS for the same grades specified 

in Part 2 ‑ Products of this Section for type of architectural woodwork involvedd 
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C. Fire Retardant‑Treated Wood:  Handle, store, and install fire retardant‑treated wood to comply with 
recommendations of chemical treatment manufacturer, including, but not limited to, those for adhesives 
used to install architectural woodwork. 

D. Installation Tolerances:  Install architectural woodwork plumb, level, true, and straight with no 
distortions.  Shim as required with concealed shims. 

3.04 ADJUSTING AND CLEANING 
A. Repair damaged and defective work where possible to eliminate functional and visual defects.  Where 

not possible to repair, replace the work. 

B. Clean architectural woodwork on exposed and semi‑exposed surfaces.  Touch‑up shop‑applied finishes 
to restore damaged or soiled areas. 

3.05 PROTECTION 
A. Provide final protection and maintain conditions in a manner acceptable to the Installer, that shall 

ensure that the work shall be without damage at time of Substantial Completion. 
 
 

END OF SECTION 
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SECTION 06 40 13 

EXTERIOR ARCHITECTURAL WOODWORK 

 

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS 

Submittals:  Shop Drawings. 

Quality Standard: Architectural Woodwork Institute's "Architectural Woodwork Quality Standards." 

Forest Certification:  Provide woodwork produced from wood either sustainably harvested from Middlebury 

College’s own forests or from forests certified by an FSC-accredited certification body to comply with 

FSC STD-01-001, "FSC Principles and Criteria for Forest Stewardship." 

 

PART 2 - PRODUCTS 

2.01 MATERIALS 

A. Hardboard:  AHA A135.4. 

B. Softwood Plywood:  DOC PS 1. 

C. Preservative Treatment:  Comply with WDMA I.S.4 for items indicated to receive water-repellent 

preservative treatment. 

D. Fasteners for Exterior Woodwork: 

1. Nails:  hot-dip galvanized or stainless steel. 

2. Screws:  hot-dip galvanized or stainless steel. 

2.02 EXTERIOR WOODWORK 

A. Wood Siding. Reclaimed barn wood. Variable width, 45° bevel. 

B. Wood Moisture Content:  7 to 12 percent. 

C. Backout or groove backs of flat trim members and kerf backs of other wide, flat members, except for 

members with ends exposed in finished work. 

D. Exterior Standing and Running Trim:  reclaimed barn wood as indicated on drawings. 

E. Exterior Frames and Jambs:  reclaimed barn wood. 

 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Install woodwork to comply with referenced quality standard for grade specified. 

B. Install woodwork true and straight with no distortions.  Shim as required with concealed shims.  Install 

level and plumb to a tolerance of 1/8 inch in 96 inches (3 mm in 2400 mm). 

C. Scribe and cut woodwork to fit adjoining work, and refinish cut surfaces or repair damaged finish at cuts. 

D. Anchor woodwork to anchors or blocking in removable units to be attached to walls upon assembly.  

Fasten with countersunk concealed fasteners and blind nailing.  Use fine finishing nails for exposed 

nailing, countersunk and filled flush with woodwork. 
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E. Standing and Running Trim:  Install with minimum number of joints possible, using full-length pieces 

(from maximum length of lumber available) to greatest extent possible.  Do not use pieces less than 36 

inches (900 mm) long, except where shorter single-length pieces are necessary.  Scarf running joints and 

stagger in adjacent and related members. 

 

 

END OF SECTION 
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SECTION 06 40 23 

INTERIOR ARCHITECTURAL WOODWORK 

 

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS 

A. Submittals:  Shop Drawings 

B. Quality Standard:  Architectural Woodwork Institute's "Architectural Woodwork Quality Standards." 

C. Forest Certification:  Provide woodwork produced from wood obtained from Middlebury College Forests 

or from forests certified by an FSC-accredited certification body to comply with FSC STD-01-001, "FSC 

Principles and Criteria for Forest Stewardship."   

D. Environmental Limitations:  Do not deliver or install woodwork until building is enclosed, wet work is 

completed, and HVAC system is operating. 

 

PART 2 - PRODUCTS 

2.01 MATERIALS 

A. Includes material for kitchen cabinetry, desk, window sills, dining table, partition screens, bathroom 

vanity,  closet doors and gussets 

1. Hardboard:  AHA A135.4. 

2. Medium-Density Fiberboard:  ANSI A208.2, Grade 130, made with binder containing no urea 

formaldehyde. 

3. Softwood Plywood:  DOC PS 1. 

4. Hardwood Plywood and Face Veneers:  HPVA HP-1, made with adhesive containing no urea 

formaldehyde. 

5. Maple hardwood, finish grade lumber. 

2.02 INTERIOR WOODWORK 

A. Complete fabrication to maximum extent possible before shipment to Project site.  Disassemble 

components only as necessary, to completed in as few pieces as possible for shipment and installation.  

Where necessary for fitting at site, provide ample allowance for scribing, trimming, and fitting. 

B. Backout or groove backs of flat trim members and kerf backs of other wide, flat members, except for 

members with ends exposed in finished work. 

C. Interior Standing and Running Trim for Transparent Finish:  Premium maple or white birch. 

D. Interior Standing and Running Trim for Opaque Finish:  Premium eastern white pine. 

E. Flush Wood Paneling for Transparent Finish:  Premium grade. 

1. Wood Species:  Hard Maple 

2. Matching of Adjacent Veneer Leaves:  Book 

3. Veneer Matching within Panel Face:  Center-balance match. 

4. Panel Matching:  No matching between panels is required.  Select and arrange panels for 

similarity of grain pattern and color between adjacent panels 
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F. Interior Ornamental Work for Transparent Finish:  Premium maple or white birch. 

G. Shop Finish of Interior Architectural Woodwork 

1. Finishes:  Same grades as items to be finished. 

2. Finish architectural woodwork at the fabrication shop; defer only final touch up until after 

installation. 

a. Apply one coat of sealer or primer to concealed surfaces of woodwork.  Apply two coats 

to back of paneling and to end-grain surfaces. 

b. Transparent Finish:  Vermont Natural Coatings clear furniture finish. 

c. Transparent Finish: Vermont Natural Coatings clear furniture finish. 

 

PART 3 – EXECUTION 

3.01 INSTALLATION 

A. Before installation, condition woodwork to average prevailing humidity conditions in installation areas. 

B. Install woodwork to comply with referenced quality standard for grade specified. 

C. Install woodwork level, plumb, true, and straight.  Shim as required with concealed shims.  Install level 

and plumb (including tops) to a tolerance of 1/8 inch in 96 inches (3 mm in 2400 mm). 

D. Scribe and cut woodwork to fit adjoining work, refinish cut surfaces, and repair damaged finish at cuts. 

E. Anchor woodwork to anchors or blocking built in or directly attached to substrates.  Fasten with 

countersunk concealed fasteners and blind nailing.  Use fine finishing nails or finishing screws for 

exposed nailing, countersunk and filled flush with woodwork. 

F. Standing and Running Trim:  Install with minimum number of joints possible, using full-length pieces 

(from maximum length of lumber available) to greatest extent possible.  Do not use pieces less than 36 

inches (900 mm) long, except where shorter single-length pieces are necessary.  Scarf running joints and 

stagger in adjacent and related members. 

G. Anchor paneling to supports with concealed panel-hanger clips and by blind nailing on back-up strips, 

splined-connection strips, and similar associated trim and framing. 

H. Cabinets:  Install so doors and drawers are accurately aligned.  Adjust hardware to center doors and 

drawers in openings and to provide unencumbered operation. 

1. Fasten wall cabinets through back, near top and bottom, at ends and not more than 16 inches 

(400 mm) o.c. with No. 10 wafer-head screws sized for 2-inch (50-mm) penetration into wood 

framing, blocking, or hanging strips. 

I. Anchor countertops securely to base units.  Seal space between backsplash and wall. 

 

 

END OF SECTION 
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SECTION 06 43 16 
RAILINGS 

 
PART 1 - GENERAL 
1.01 SECTION REQUIREMENTS 

A. Comply with IRC, NFPA and ADAAG guidelines. 
B.  Supply construction drawings. 

 
PART 2- PRODUCTS 
2.01 Wood Products 

A. 4”x4” cedar posts, 45⁰ bevel on bottom to exterior of surface 
B. 1”x5” cedar guardrail, 3/16” round on edges 
C. 1” x 1 ½” cedar handrail, 3/16” round on edges 

2.01 Metal 
A. 1” x  3/16” steel strips, length of hand rails 
B. Four 1” x 1” x ½” square steel  tube handrail extensions – 1’ past the post, 1’ vertical 
C. RailEasy cable and tensioner rail system    

2.03 REFERENCE STANDARDS 
A. ICC/ANSI 117.1 – Accessible and Usable Buildings and Facilities 

 
PART 3 - EXECUTION 
3.01 INSTALLATION 

A. Mount the posts along the edge of the deck and ramps, flush and plumb. Secure with two 3/8” 
countersunk lag screws. 

B. Install the RailEasy cable and tensioners.  
C. Install guardrails and handrails. With handrails, leave 1” flat on top for attachment point, bevel 

remainder at 15⁰ angle. 
D.  Apply tension to the cables. 

 
END OF SECTION
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SECTION 07 21 00 

THERMAL INSULATION 

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS 

A. Submit manufacturer’s product data, including installation instructions 

B. Submit manufacturer’s certification that materials comply with specified requirements and are suitable 

for intended applications. 

C. Warranty: submit manufacturer’s standard warranty. 

 

PART 2- PRODUCTS 

2.01 INSULATION PRODUCTS 

A. Cellulose insulation pneumatically blown dry into floors, walls, and roof assemblies/cavities. 
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B. Denim insulation installed in cavities in panels.  
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2.01 MANUFACTURER 

A. National Fiber Cel-Pak: www.nationalfiber.com 

B. Bonded Logic Ultra Touch Denim Insulation: www.bondedlogic.com 

2.03 REFERENCE STANDARDS 

A. ASTM C 739 – Standard Specification for Cellulosic Fiber Loose-Fill Thermal Insulation. 

B. ASTM E 84 – Standard Test Method for Surface Burning Characteristics of Building Materials. 

C. ASTM E 119 – Standard Test Methods for Fire Tests of Building Construction and Materials. 

D. CPSC Standard 16 CFR Parts 1209 and 1404. 

E. UL 723 – Standard for Test for Surface Burning Characteristics of Building Materials. 

http://www.nationalfiber.com/
http://www.bondedlogic.com/


      
 
 
 
 

 

Construction Documentation Project Manual  Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 173 
THERMAL INSULATION 07 21 00 

 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Blown in cellulose insulation in areas and in thicknesses indicated or required to produce R-values 

indicated.   

B. Cut pieces from batts and fit tightly around obstructions and fill voids with denim insulation in areas 

between panel joints. 

3.02 QUALITY CONTROL 

A. Manufacturer’s Qualifications for cellulose: Manufacturer regularly engauged for past 10 years in 

manufacture of cellulose insulation of similar type to that specified.  

B. Installer's Qualifications: 

1. Installer regularly engauged, for past 1 year, in installation of cellulose insulation of similar type 

to that specified. 

2. Employ persons trained for installation of cellulose insulation. 

3. Installer: Certified by cellulose insulation manufacturer. 

C. Installer’s Equipment: Approved by cellulose insulation manufacturer. 

D. For denim, insulation can be installed by decathlete without special equipment 

 

 

END OF SECTION 
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SECTION 07 33 63 
GREEN ROOF 

 
PART 1 - GENERAL 
1.01 SCOPE 

A. Provide equipment, materials, tools, and labor to install vegetated roofing modules. Modules to include 
growth media and plants. This work shall also include edge treatments, custom shaping of modules, and 
installing paver stones or ballast, slip sheet/root barrier and irrigation system, if specified.  

1.02 SUBMITTALS 
A. Product data for vegetated roofing systems. 
B. Planting mix design indicating species. 
C. Shop Drawings: Indicating layout of modules, pavers, irrigation, and green roof area (ft² or m²). 
D. Warranty: Submit manufacturer warranty and ensure that forms have been completed in Owner’s name 

and registered with manufacturer. 
E. Maintenance instructions for inclusion into owner’s manuals. 

1.03 QUALITY ASSURANCE 
A. No deviation should be made from this specification. Installer assumes liability for any deviations from 

specification. 
B. Only EcoRoof Certified Installer personnel shall complete all work.  
C. Prior to installing EcoRoof modules, the following procedures are to be conducted: 

1. The building Owner, Architect, or Engineer shall verify that the roof is properly designed and 
constructed to adequately support the load of the EcoRoof system. 

2. The roof is to be flood tested for water tightness for 24 hours. Water testing shall be witnessed 
and confirmed in writing by Owner’s Representative and/or Design Professional, Waterproofing 
Contractor, Membrane Manufacturer, and Installation Contractor. 

3. Slip sheet/root barrier to be properly installed, seams overlapped and bonded, in accord with 
architect’s and manufacturer’s specifications. 

4. The roof is to be inspected and determined ready to accept the EcoRoof modules by a Technical 
Representative of the Installer. 

A. During the EcoRoof installation and afterward, an inspection is to be conducted by a Technical 
Representative of the installer to verify that the EcoRoof modules have been installed tight against each 
other, in straight rows, corners aligned, properly oriented, and tight against the edging. 

1.04 PRE-INSTALLATION MEETING 
A. Installer to convene one week before starting work of this section. Review LiveRoof Installation 

Standardized Procedures with supervisory staff and installation team. 
B. Schedule certified installation personnel to supervise entire green roof installation. 
C. Ensure that the slip sheet material meets membrane and green roof manufacturer specifications. 
D. Ensure that edging is perforated at the bottom to allow water to drain freely and is installed between 

modules and stone ballast or wherever parapet or paver is of insufficient height/thickness to contain the 
soil from the subterranean green roof modules.Ensure that soil and debris will be swept clean before 
placing each module. 

E. Configure installation to minimize or eliminate walking on the plants during installation. 
 

PART 2 - PRODUCTS 
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2.01 VEGETATED ROOFING MANUFACTURER 
A. Eco 

1. Any other products must confirm to all performance criteria, documentation, submittals, soil 
specification, planting methods and plant material. 

2. Any other products must be approved by architect and owner prior to award. 
B. 100 mil. thick (sidewall) recycled polypropylene and colored black or gray with dimensions of 1' x 2' x 

3.3" for the Standard System.   
C. Saturated weight with mature vegetation: approximately 27-29 lbs/ft² for the Standard System. 
D. Module clearance above roof deck: ½ inch. 
E. EcoRoof module is to be planted with green roof plants specified in Section 2.3. Plants are to be grown 

to maturity (appx. 95%+ soil coverage). 
2.02 GROWING MEDIUM 

A.  Growing medium is an engineered blend of inorganic and organic components based upon German 
FLL granulometric guidelines and to contain ecologically sustainable levels of organic content. 

2.03 SLIP SHEET 
A. Provided by Membrane Manufacturer. Confirm compatibility of slip sheet and waterproofing membrane 

with manufacturer 
B. Conventional Membrane Roof Assembly 

1. Minimum 1-1.5 mm (40-60 mi) thickness with overlapped and effectively bonded seams to ward 
against root penetration and to keep waterproofing layer safe and clean from soil during 
installation. Slip sheet/root barrier typified as follows: 

a. Welded Seam Types - 1 mm (40 mil) or greater thickness 
- TPO, with seams heat welded 
- PVC, with seams heat welded 
- Polypropylene, with seams heat welded 
- HDPE, with seams heat welded 

b. Glued Seam Types - 1 mm (40 mil) or greater thickness 
- EPDM, with seams overlapped a minimum of 75 mm and glued with roll out adhesive 
or double sided tape adhesive of the type that is impervious to and not affected by 
moisture, and recommended by the manufacturer. 
- Low profile drain board of appx. 0.5 mm (17 mil) thickness, with edges overlapped 75 
mm and glued with manufacturer approved adhesive. 

2. Protected Membrane Roof Assembly 
a. A minimum .25mm (10 mil) thick slip sheet of woven polyethylene or other non-

moisture holding material to be installed above the membrane and below the 
insulation, as specified by membrane manufacturer. 

b. A minimum .25mm (10 mil) thick slip sheet of woven polypropylene or other non-
moisture holding material to be installed above the insulation and below the green roof 
modules, as specified by membrane manufacturer. 

C. Do not use duct tape or adhesive for seaming that is not approved by the membrane manufacturer. 
D. Never use moisture holding fabric, such as needle-punched polyethylene or felt, under the green roof 

system. Such materials are trap aggregate and are impossible to sweep during installation and stay wet 
and encourage root growth and root penetration, which is especially detrimental if woody plants 
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become established as such plants have woody root systems and may potentially cause roof leaks. This 
could lead to impeded drainage and compromise plant health. 

E. In cases where electronic leak detection may be desired, a fiber-backed drainboard may be used. Fiber-
backed drainboards are only recommended when electronic leak detection is desired, and only when 
vegetated with Sedums or Sempervivums, or other succulents, as these plants are sparsely-rooted and 
not prone to rooting into the fiber of the drainboard. 

 
PART 3 - EXECUTION 
3.01 PREPARATION OF ROOF SURFACE 

A. Slip sheet/root barrier (JDRain GRS), specified by architect and approved by EcoRoof and membrane 
manufacturer, of 1-1.5 mm (40-60 mil) thickness with overlapped and effectively bonded seams to ward 
against root penetration and to keep waterproofing layer safe and clean from soil during installation. 

1. Do not use duct tape or adhesive for seaming that is not approved by the membrane 
manufacturer. 

2. Never use moisture holding fabric, such as needle-punched polyethylene or felt, under the 
green roof system. 

B. Experienced Contractor to install slip sheet/root barrier in accordance with manufacturer’s 
recommendations. 

C. All surfaces to be smooth, free of debris, soil, and grit prior to placing modules. All materials to be tested 
water tight and free draining prior to module placement. 

D. All surfaces to be maintained clean and free of debris, soil, and grit during installation process via use of 
broom. Never walk upon such materials as they may damage membranes. 

3.03 INSTALLATION SEASON 
A. Module Installation to be conducted when plants are: 

1. Properly adapted and acclimatized to local weather conditions. 
2. When weather is above 35° F and there is no ice on the roof and LiveRoof soil is unfrozen. 
3. No later than the cut off date required by the green roof system provider's warranty terms. 
4. When plants cover 95% or more of soil surface. 

3.04 DELIVERY, STORAGE, HANDLING, PROTECTION 
A. EcoRoof modules are to be delivered in good condition free from shipping damage. 
B. Keep EcoRoof modules out of sun on job site if plastic wrapped to avoid overheating. 
C. EcoRoof modules are to be installed on the roof top within 8 hours of delivery. 
D. On the job site, EcoRoof modules are to be handled to prevent damage to the modules themselves and 

all roofing components. 
E. To ensure optimum plant condition and safety, modules must be conveyed to the roof using Hoppits or 

similar rack designed specifically for this use and constructed according to engineer approved and 
stamped plans. DO NOT stack modules during conveyance to rooftop or installation. 

F. EcoRoof modules are to be conveyed to roof surface with equipment that is designed to carry the 
collective load of the EcoRoof modules and transport vehicle or Hoppit®. Account for decreasing load 
limits when boom (of crane or fork lift) is extended. Use crane stabilizers and take all necessary 
precautions to protect building and personnel. 

G. Never exceed the load capacity of the roof deck when placing LiveRoof modules on the roof. 
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H. When suspending EcoRoof modules and conveyance vehicle or Hoppit® above deck, take precautions to 
stabilize vehicle and prevent twisting of conveyance vehicle or Hoppit®. Two layers of Styrofoam or 4 to 
8 tires laid on the deck are recommended. 

I. Surround area below conveyance vehicle and/or crane with caution/stay clear tape to prevent potential 
injury. 

J. During installation, protect the roof deck and membranes with appropriate material such as plywood 
sheeting. Never scrape or puncture slip sheet or membranes. Keep roof surfaces free of soil, grit, or 
debris at all times with broom not blower. Never set LiveRoof modules on top of soil, dirt or grit. 

K. Transport carts to have pneumatic tires, to be wheeled about only upon protective plywood sheeting, 
and to be loaded so as not to exceed weight capacity of roof deck. 

3.05 SAFEGUARDING SYSTEM INTEGRITY 
A. Before working on roof, all Installers and Laborers to be: 

1. Properly instructed in safety procedures and provided LiveRoof Guide to Standardized 
Installation Procedures. 

2. Instructed to keep all work surfaces clean and debris free. 
3. To report immediately any damage to membranes, protective sheeting, or drain elements to 

supervisor, and to make appropriate repairs before proceeding. 
4. Instructed in proper methods of EcoRoof installation by certified representative of installation 

company. 
3.06 LAYING (PLACING) MODULES 

A. EcoRoof module installation to follow behind installation of slip sheet/root barrier, irrigation system, 
pavers, ballast, and edging. 

B. EcoRoof installation to be conducted in strict accordance with LiveRoof installation guidelines.  Surface 
to be swept clean and free of soil, dirt, stones or grit before placing each module. Rows to be straight, 
modules to be tight against each other with edges overlapping and arranged in proper directional 
orientation.  

C. EcoRoof modules to be placed directly on top of appropriate JDRain-GRS barrier. 
D. It is recommended that any custom cutting/fitting be oriented on the high side (top), or sides of the 

roof. It is recommended that the cut side of the module be set tight against the edging or toward the 
side of an intact module so as to prevent soil spillage. If custom cutting must be done on the low, 
draining, side of the roof, it is imperative that no filter cloth be inserted as it could impede drainage. It is 
best to orient the cut side against another module, facing upstream. 

E. After installing modules, they should be immediately watered so as to thoroughly moisten the media 
from top to bottom. Water shall be of suitable quality for plant growth and irrigation system or hoses 
and sprinklers may be used for such purpose. Note: it takes approximately 1 inch of water for the 
Standard System, or 1 ¼ gallons per module for the Standard System to moisten each module 
thoroughly. 

F. First maintenance visit to be conducted two (2) weeks after installation is completed and continued 
according to Section 3.8.  

3.07 WARRANTY 
A. 20 Year Module Limited Warranty: EcoRoof, LLC shall provide limited twenty (20) year guarantee that 

product will be free of material defects and against photodegradation. 
1. Installer shall complete and submit warranty registration form and post-installation punch list 

to EcoRoof, LLC within 60 days of delivery to complete warranty registration. 
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3.08 MAINTENANCE 
A. Documentation 

1. Upon email request, EcoRoof, LLC shall provide twice monthly informational email maintenance 
protocol, free of charge, that shares current best maintenance practices, seasonal topics related 
to plant care, and chronologically guides the maintenance contractor though the various steps 
of the maintenance protocol beginning March 15 and ending Nov. 1 of each year. 

2. Record all green roof maintenance events. Include name of person, date and activity. 
a. If soil test, record lab, test, and results 
b. If fertilizer, record type and amount applied per 1000sf 
c. Record time needed for bi-weekly weed walk and drain inspection 
d. If irrigation, record duration and quantity 

B. Foot Traffic:  Limit foot traffic to a random path a couple times per week by one person.  Avoid walking 
in a single path, standing in one place, or trampling plants.  If parapet or adjoining wall must be serviced, 
plants may be covered with plywood or foam sheeting for up to 4 hours intermittently, provided foliage 
is not wet or frozen and conditions are not too hot or sunny. 

C. Spring Maintenance (March to June) 
1. Soil Testing and Fertilization. Approximately 2-3 weeks before spring "growth flush," administer 

an annual soil test for PH and fertility levels. Growth flush varies by region, consult biweekly 
maintenance protocol email for specific recommended testing date in project's region. 

2. Maintain pH in the range of 6.5 to 8.0. In the event that pH falls below 6.0, consult the testing 
lab for appropriate recommendations to increase alkalinity. If the soil is above 8.0, it can be 
made more acidic with elemental sulphur or an application of acidifying fertilizer. 

3. Maintain fertility in the normal range using a typical field soil fertility test as provided by A&L 
labs or equivalent testing lab.  Evaluate the various nutrient levels such as Nitrogen (N or NO3N), 
Potassium (K), Phosphorus (P). If the soil contains a low (L) amount of these nutrients, conduct a 
single application of controlled release fertilizer, such as Nutricote® or Osmocote®, at the lab 
recommended rate.  Ensure that the chosen fertilizer contains NO Herbicides or Pesticides. 
Follow the fertilizer labeled directions for application rate and use a rotary spreader to ensure 
even fertilizer application. Runoff potential does exist and should be evaluated by the applicator 
in accord with the site specifics; the greater the runoff sensitivity, the lower the application 
rate. All applications of fertilizer are the sole responsibility of the applicator. 

4. Mowing (optional) 
a. If desired, conduct a single annual mowing in early April. Set the mower blade just 

above the foliage in order to remove dried seed heads. Do not bag the clippings; 
instead, blow them into the green roof so that they can decompose and nourish the soil. 

b. Be safe, use protective equipment, including harnesses if required. Make sure the roof is 
free of frost or other slipping hazards. 

5. Conduct Biweekly Inspections 
a. Weed Walk:  Pull and dispose of all weeds before they flower and set seed. NEVER allow 

any woody plant to establish in a green roof system, as they have deep root systems 
which can damage roofing membranes. 

b. Displaced Soil:   Nesting birds may displace soil.  Replace lost soil using 
only LiveRoof brand engineered green roof soil. 
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c. Drainage Inspection:  Inspect roof drains for any debris, pebbles or leaves and remove to 
ensure proper drainage. 

d. Debris Removal:  Remove any debris blown onto the roof immediately to ensure no 
damage to plants. 

e. Pest Control:  Monitor pest presence, as most pest problems are the result of an 
imbalance in the relationship of pest organism and its natural biological controls and 
these problems may self-correct. If pest problems are persistent, use organic and 
natural biological control agents to restore balance. Pesticide use is discouraged and 
should always be considered secondary to cultural and biological control measures, as 
pesticides can contaminate runoff water and cause environmental damage. Pesticides 
shall only be applied by qualified and licensed applicators, and only as required. All 
applications of pesticides are the sole responsibility of the applicator. 

D. Summer Maintenance (June to September) 
1. Conduct Biweekly Inspections 
2. Irrigation 

a. When planted with drought tolerant succulents, irrigation recommended as a 
temporary management tool during prolonged hot dry weather to prevent plant 
thinning or death. Prolonged hot dry weather is generally defined as periods of 75° F 
weather with less than 1" of rainfall persisting for 2 weeks for the Lite system and 4 
weeks for all other systems. This time period will be less if the temperatures are hotter, 
the climate warmer, on sloping roofs, and roofs exposed to persistent winds or reflected 
sunlight. Such conditions can dry out the soil and can cause plant dormancy or, in 
extreme cases, death. 

b. There are no absolutes when it comes to irrigation. Check the plants for wilting in the 
afternoon. Water thoroughly to runoff to remoisten entire soil profile if the plants show 
signs of wilting. 

c. Shaded areas require less irrigation 
E. Fall Maintenance (October to November) 

1. Conduct Biweekly Inspections, unless ice or frost is present. 
2. Do Not Fertilize during the fall. It may stimulate tender growth and compromise the cold 

hardiness of the plant material. 
3. Do Not Water Period:  For the northern temperate zone, LiveRoof recommends that you do not 

water within 4 weeks of the expected average frost date.  Normally, there is plenty of moisture 
this time of year, and adding additional water may compromise the durability of the plants to 
endure winter’s cold.  For this reason, watering during the winter is also not recommended. 

4. Rake, bag and remove fallen and matted leaves. These can smother the green roof plants. 
F. Winter Maintenance 

1. Northern Temperate Climates 
a. Watering is not recommended. 
b. Avoid walking on frozen plants and roof surfaces as they are slippery and dangerous. 
c. If clear pathways are needed, avoid using salt and other deicing chemicals, which may 

kill plants and damage pavers. Instead, use sand or cat litter as an anti-slip agents. 
Consider use of heat strips with pavers, provided they can be applied without damage 
to the roofing membrane. 
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2. Avoid piling the snow in a single place. Disperse snow evenly over the green roof plantings as 
excess snow piling can potentially damage plants by insulating the plants and keeping them 
warm and wet, thereby triggering fungal diseases. 

3. Warm Climates 
a. Conduct Biweekly Inspections, unless ice or frost is present. 

3.09 ACCEPTANCE 
A. Conduct post installation inspection to determine acceptance of modules. Inspection to be made by 

General Contractor’s Representative or by Owner’s Representative upon General Contractor’s request; 
five working days notice required. 

B. Installer is responsible to complete requirements to obtain confirmation of warranty from the green 
roof systems manufacturer. 

C. Installer is responsible to ensure proper module/plant maintenance until work has been accepted by 
representative of Owner or General Contractor. 

D. Upon acceptance, Owner assumes responsibility for module/plant maintenance unless otherwise 
specified. 

3.10 CLEAN UP 
A. Throughout installation, keep all work surfaces clean and free of grit, dirt, or debris. Use broom not 

blower, do not sweep soil under modules or slip sheet. Following installation, remove all excess 
materials and tools from job site. Ensure that any damage that occurs as a result of installation is 
appropriately and immediately repaired. 

 
 

END OF SECTION 
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SECTION 07 61 00 

SHEET METAL ROOFING & ACCESSORIES 

 

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS 

A. Submittals:  Product Data and Color Samples. 

B. Comply with SMACNA's "Architectural Sheet Metal Manual" unless otherwise indicated. 

C. Warranties:  Provide manufacturer's standard written warranty, signed by manufacturer agreeing to 

promptly repair or replace roofing sheet metal that shows evidence of deterioration of factory-applied 

finishes within 25 years from date of Substantial Completion 

D. Warranties:  Standard form in which roofing Installer agrees to repair or replace sheet metal roofing that 

fails in materials or workmanship within two years from date of Substantial Completion and Installation 

on the Middlebury College campus. 

 

PART 2 - PRODUCTS 

2.01 ACCESSORIES 

A. Roof Accessories 

1. Metal ridge cap: Custom design to match metal roofing.  

B. Custom fabricated boots at all roof penetrations. Metal to match roofing 

C. Metal flashing at eave and rake. Custom fabricated as drawn. Metal to match roofing. 

D. Flashing to cover heat dissipaters for solar hot water system. Metal to match roofing 

2.02 FABRICATION 

A. Fabricate sheet metal roofing to comply with details shown and recommendations in SMACNA's 

"Architectural Sheet Metal Manual" that apply to the design, dimensions, metal, and other 

characteristics of installation indicated. 

 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Anchor roofing securely in place, with provisions for thermal and structural movement.  Install with 

concealed fasteners unless otherwise indicated. 

B. Separate dissimilar metals with a bituminous coating or polymer-modified, bituminous sheet 

underlayment. 

C. Seal joints as shown and as required for leakproof construction.  Note that roof panel seams will need 

provision of a neoprene, or approved equal, gasket for ease of assembly and disassembly.  

 

 

END OF SECTION
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SECTION 07 62 00 

SHEET METAL FLASHING AND TRIM 

 

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS 

A. Submittals:  Product Data, Shop Drawings, and Samples. 

B. Comply with SMACNA's "Architectural Sheet Metal Manual."  Conform to dimensions and profiles 

shown unless more stringent requirements are indicated. 

C. Coordinate installation of sheet metal flashing and trim with interfacing and adjoining construction to 

provide a leakproof, secure, and noncorrosive installation. 

 

PART 2 - PRODUCTS 

2.01 SHEET METAL 

A. Aluminum Sheet:  ASTM B 209 (ASTM B 209M), alloy as standard with manufacturer for finish required, 

not less than 0.032 inch (0.8 mm) thick; and with mill finish. 

2.02 FABRICATION 

A. Fabricate sheet metal flashing and trim to comply with recommendations in SMACNA's "Architectural 

Sheet Metal Manual" that apply to the design, dimensions, metal, and other characteristics of the item 

indicated. 

B. Expansion Provisions:  Where lapped expansion provisions cannot be used, form expansion joints of 

intermeshing hooked flanges, not less than 1 inch (25 mm) deep, filled with butyl sealant concealed 

within joints. 

C. Fabrication Tolerances: Fabricate sheet metal flashing and trim that is capable of installation to 

tolerances specified in MCA's "Guide Specification for Residential Metal Roofing." 

 

PART 3 – EXECUTION 

3.01 INSTALLATION 

A. Sealed Joints:  Form non-expansion, but movable, joints in metal to accommodate elastomeric sealant 

to comply with SMACNA standards. 

B. Fabricate nonmoving seams in sheet metal with flat-lock seams.  For aluminum, form seams and seal 

with epoxy seam sealer. Retain first paragraph below only if using copper, stainless steel, or zinc-tin 

alloy-coated stainless steel. 

 

 

END OF SECTION
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SECTION 07 63 16 

SHEET METAL ROOFING SPECIALTIES 

 

PART 1 - GENERAL 

1.01 SUMMARY 

A. This section includes information about Ridge Caps used to connect the sides of roof panels for 

waterproofing purposes over the EPDM membrane. 

B. Related sections: 

1. Section 07 62 00 - Sheet Metal Flashings and Trim: Sheet metal flashings, counter flashings, and 

trim installed as part of roof system to prevent water penetration.  

2. Section 07 92 00 - Joint Sealants: Sealants and backing material used for installation of sheet 

metal.  

 

PART 2 - PRODUCTS 

2.01 RIDGE CAPS 

A. Type: Manufactured sheet metal fabrication designed to cover ridge and hips for sloped roof system and 

prevent water penetration. 

B. Fabrication: Fabricate sections to profiles and dimensions indicated on Drawings and reviewed shop 

drawings.  

C. Edges: Edges: Turn back all exposed edges to form 1/2 inch hem.  

 

PART 3 - EXECUTION 

3.01 PREPARATION  

A. Coordinate provision of ornamental sheet metal roofing specialties with type and installation of exterior 

walls and parapets, roof deck and membrane, wood blocking and nailers, gutters and other work related 

to sheet metal.  

B. Prior to submittal of shop drawings and fabrication, field verify required sizes and installation tolerances 

for sheet metal roofing specialties.  

C. Deliver ornamental sheet metal roofing specialties to site in time for accurate placement and 

coordination with other work.  

Verify roof membrane terminations and base flashings are in place, sealed, and secure.  

INSTALLATION 

A. Install ornamental sheet metal roofing specialties in accordance with Drawings, reviewed shop 

drawings, manufacturer's instructions and NRCA Roofing Manual and SMACNA Architectural Sheet 

Metal Manual standards of workmanship.  

B. Fit sheet metal fabrications tight in place. Make corners square, and surfaces true and straight in planes.  

C. Secure sheet metal in place using concealed fasteners unless shown otherwise. Lap and seal all joints. 

Exposed fasteners shall be covered with sealant.  
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END OF SECTION 
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SECTION 08 30 00 

DOORS 

 

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS 

A. Submittals:  Door schedule and drawings. 

 

PART 2 - PRODUCTS 

2.01 DOORS 

A. Manufacturers: 

1. Intus Eforte Doors 

 
 

PART 3 - EXECUTION 
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3.01 INSTALLATION 

A. Install doors as recommended by the Intus unless otherwise indicated. 

B. Mount doors in out-swing assembly. 

C. Mount doors to exterior of wall section. 

D. Trim around the door opening. 
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END OF SECTION 
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SECTION 08 50 00 

WINDOWS 

 

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS 

A. Submittals:  Window schedule and drawings. 

 

PART 2 - PRODUCTS 

2.01 WINDOWS 

A. Manufacturers: 

1. Intus Eforte Winows 

2.01 TAPE 

A. Manufacturers: 

1. SIGA: Wigluv 

 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Install windows as recommended by the Intus unless otherwise indicated. 

B. Mount window blocks to the interior of southern windows, which are set into the home.  

C. Mount window blocks to the exterior of all other window openings, where windows will be set to the 

outside of the wall cavity. 

D. Seal the window blocks with Siga Wigluv tape.  

E. Place the window into the opening and secure the tabs. 

F. Install the finished sheathing and flashing. 
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END OF SECTION
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SECTION 08 71 00 

DOOR HARDWARE 

 

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS 

A. Submittals:  Hardware schedule. 

 

PART 2 - PRODUCTS 

2.01 HARDWARE 

A. Manufacturers: 

1. Hewi (Exterior Doors), Emtek (Interior Doors) 

B. Hinges: 

1. Stainless-steel hinges with stainless-steel pins for exterior. 

2. Non-removable hinge pins for exterior and public interior exposure. 

3. 3 hinges for 1-3/4-inch- (45-mm-) thick doors 90 inches (2300 mm) or less in height; 4 hinges for 

doors more than 90 inches (2300 mm) in height. 

C. Locksets and Latchsets: 

1. BHMA A156.2, Series 4000, Grade 1 for bored locks and latches.  

2. Lever handles on locksets and latchsets. 

3. Provide trim on exit devices matching locksets. 

D. Key locks to Middlebury College’s existing master-key system. 

1. Cylinders with five and removable cores. 

2. Provide cylinders for other locking doors that do not require other hardware. 

3. Provide construction keying. 

E. Provide wall stops or floor stops for doors without closers. 

F. Provide hardware finishes as follows: 

1. Hinges:  Matching finish of lockset/latchset. 

2. Locksets, Latchsets, and Exit Devices:  Matching finish of lockset/latchset 

3. Other Hardware:  Matching finish of lockset/latchset. 

 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Mount hardware in locations recommended by the Door and Hardware Institute unless otherwise 

indicated. 

 

 

END OF SECTION 
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SECTION 09 29 00 

FINISHED PLYWOOD 

 

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS 

A. Submittals:  Product Data. 

 

PART 2 - PRODUCTS 

2.01 PERFORMANCE REQUIREMENTS 

A. Fire-Resistance-Rated Assemblies:  Provide materials and construction identical to those tested in 

assemblies per ASTM E 119 by an independent testing and inspecting agency acceptable to authorities 

having jurisdiction. 

B. STC-Rated Assemblies:  Provide materials and construction identical to those tested in assemblies per 

ASTM E 90 and classified per ASTM E 413 by a qualified independent testing and inspecting agency. 

2.02 PANEL PRODUCTS 

A. Provide in maximum lengths available to minimize end-to-end butt joints. 

B. Interior Plywood: ASTM C 1396/C 1396M, in thickness indicated, with manufacturer's standard edges.  

Regular type unless otherwise indicated. ¾" Finished FSC Birch Plywood. 

 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Install finished birch plywood on interior of wall and ceiling panels, plumb and square. 

B. Finishing Plywood. 

1. Fill holes with wood filler, sand and stain or paint. 

 

 

END OF SECTION
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SECTION 09 64 00 

WOOD FLOORING AND WALL PANELING 

 

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS 

A. Submittals:  Material Samples. 

 

PART 2 - PRODUCTS 

2.01 FIELD-FINISHED WOOD FLOORING 

A. Solid-Wood Strip and Kiln dried and as follows: 

1. Species and Grade:  sugar maple  

2. Cut:  Plain sawn. 

3. Thickness:  3/4 inch (19 mm). 

4. Face Width:  3”, 4”, 5”, and 6” widths to minimize waste. 

5. Lengths: Random-length strips. 

2.02 FINISHING MATERIALS 

A. Use Vermont Natural Coatings floor finish. Apply as recommended by manufacturer. 

2.03 ACCESSORY MATERIALS 

A. Fasteners:  As recommended in NWFA's "Installation Guidelines:  Wood Flooring." 

 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Provide expansion space at walls and other obstructions and terminations of flooring of not less than 

1/2 inch (19 mm)  

B. Solid-Wood, Strip and Plank Flooring:  Blind nail or staple flooring to substrate. 

1. Plank Flooring:  For flooring of face width more than 3 inches (75 mm), install countersunk 

screws at each end of each piece in addition to blind nailing.  Cover screw heads with wood 

plugs glued flush with flooring. 

3.02 SANDING AND FINISHING 

A. Machine-sand flooring to remove offsets, ridges, cups, and sanding-machine marks that would be 

noticeable after finishing.  Vacuum and tack with a clean cloth immediately before applying finish. 

B. Fill open-grained hardwood. 

C. Apply floor-finish materials in number of coats recommended by finish manufacturer for application 

indicated. 

 

 

END OF SECTION
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SECTION 09 91 00 
PAINTING 

 
PART 1 - GENERAL 
1.01 SECTION REQUIREMENTS 

A. Submittals: 
1. Product Data. "MPI Approved Products List" with product highlighted. 
2. Samples. 

B. Mockups:  Full-coat finish Sample of each type of coating, color, and substrate, applied where directed. 
C. Extra Materials:  Plan for extra supply of [1 gal. (3.8 L)] of each color and type of finish coat paint used 

on Project, in containers, properly labeled and sealed. 
 
PART 2 - PRODUCTS 
2.01 PAINT & COATINGS 

A. Products: 
1. Tnemec Series 1 primer and Series 73 paint 
1. C2 Arcylic Latex Primer 
2. C2 Acrylic paint, egg-shell finish 
3.  Vermont Natural Coatings Furniture Finishes 
4. Vermont Natural Coatings Exterior Wood Finish 
5. Vermont Natural Coatings Floor Finish 

A. MPI Standards:  Provide materials that comply with MPI standards indicated and listed in its "MPI 
Approved Products List." 

B. Material Compatibility:  Provide materials that are compatible with one another and with substrates. 
1. For each coat in a paint system, provide products recommended in writing by manufacturers of 

topcoat for use in paint system and on substrate indicated. 
D. Colors 
 1. Wall Paint: C2 LoVo paint “Chantilly Lace” White 
 2. Exterior Wood Finish: Vermont Natural Coatings “Caspian Clear” 

3.  Wood Finish (unless otherwise specified): Vermont Natural Coatings “Caspian Clear” 
4. Cabinet Finish: Vermont Natural Coatings Woodtone Series Pre-mixed PolyWhey “Cherry” 
5. Ceiling Finish: Vermont Natural Coatings Heirloom Wipe-On PolyWhey 

 
PART 3 - EXECUTION 
3.01 PREPARATION 

A. Comply with recommendations in MPI's "MPI Architectural Painting Specification Manual" applicable to 
substrates indicated. 

B. Remove hardware, lighting fixtures, and similar items that are not to be painted.  Mask items that 
cannot be removed.  Reinstall items in each area after painting is complete. 

C. Clean and prepare surfaces in an area before beginning painting in that area.  Schedule painting so 
cleaning operations will not damage newly painted surfaces. 

3.02 APPLICATION 
A. Comply with recommendations in MPI's "MPI Architectural Painting Specification Manual" applicable to 

substrates indicated. 
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B. Paint exposed surfaces unless otherwise indicated on drawings or in specifications. 
1. Paint surfaces behind movable equipment and furniture same as similar exposed surfaces. 
2. Paint surfaces behind permanently fixed equipment or furniture with prime coat only. 
3. Do not paint prefinished items, items with an integral finish, operating parts, and labels unless 

otherwise indicated. 
C. Apply paints according to manufacturer's written instructions. 

1. Use brushes only where the use of other applicators is not practical. 
2. Use rollers for finish coat on interior walls. 
3.  Use paint sprayer for exterior siding. 

D. Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush marks, roller 
tracking, runs, sags, ropiness, or other surface imperfections.  Cut in sharp lines and color breaks. 

1. If undercoats or other conditions show through topcoat, apply additional coats until cured film 
has a uniform paint finish, color, and appearance. 

E. Apply stains and transparent finishes to produce surface films without color irregularity, cloudiness, 
holidays, lap marks, brush marks, runs, ropiness, or other imperfections.  Use multiple coats to produce 
a smooth surface film of even luster. 

3.03 EXTERIOR PAINT APPLICATION SCHEDULE 
A. Steel: 

1. Aliphatic Acrylic Polurethane: Two coats over modified aromatic polyurethane primer: EXT 5.1P. 
B.  Reclaimed Barnwood Siding: 

 1.  Whey-based Clear Protective Coating: Two coats: MPI EXT 6.4D. 
3.04 INTERIOR PAINT APPLICATION SCHEDULE 

A. Steel: 
1. Aliphatic Acrylic Polurethane: Two coats over modified aromatic polyurethane primer: MPI INT 

5.1J. 
B. Dressed Lumber:  Including architectural woodwork, millwork, trim, doors. 

1. Semigloss or Eggshell Latex:  Two coats over primer:  MPI INT 6.3T. 
2. Whey-based Clear Wood Finish:  Two coats:  MPI INT 6.3C. 

C. Wood Paneling and Casework:  
1. Semigloss or Eggshell Latex:  Two coats over primer:  MPI INT 6.3T. 
2.  Whey-based Clear Wood Finish or Whey-based Concentrated Tint Wood Finish:  MPI INT 6.3C. 

E.  Wood Floors: 
1. Whey-based Clear Wood Finish:  MPI INT 6.3C. 

 
 

END OF SECTION 
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SECTION 10 28 13 

TOILET, BATH, AND LAUNDRY ACCESSORIES 

 

PART 1 - GENERAL 

1.01 SECTION REQUIREMENTS 

A. Submittals:  Product Data. 

 

PART 2 - PRODUCTS 

2.01 MATERIALS 

A. Stainless Steel:  ASTM A 666, Type 304, No. 4 finish (satin), 0.0312-inch (0.8-mm) minimum nominal 

thickness unless otherwise indicated. 

B. Mirrors:  ASTM C 1503, Mirror Glazing Quality, clear-glass mirrors, nominal 6.0 mm thick. 

C. Fasteners:  Screws, bolts, and other devices of same material as accessory unit, tamper and theft 

resistant when exposed, and of galvanized steel when concealed. 

2.02 TOILET AND BATH ACCESSORIES 

A. Toilet Tissue Dispenser: 

1. Basis-of-Design Product:  Kohler Toobi toilet tissue holder K-5672-CP. 

2. Type:  Single-roll dispenser. 

3. Mounting:  Surface mounted with concealed anchorage. 

4. Material:  Polished chrome finish. 

B. Mirror Unit: 

1. Basis of design Product: Kohler Loure mirror K-11579-CP. 

2. Material: Polished chrome finish. 

C. Towel Bar: 

1. Basis-of-Design Product:  Kohler Toobi towel bar. 

2. Mounting:  Surface mounted with concealed fasteners. 

3. Length:  24 inches (610 mm) and 18 inches (457.2 mm). 

4. Material and Finish:  Polished chrome. 

 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Install accessories using fasteners appropriate to substrate indicated and recommended by unit 

manufacturer.  Install units level, plumb, and firmly anchored in locations and at heights indicated. 

1. Install grab bars to withstand a downward load of at least 250 lbf (1112 N), when tested 

according to method in ASTM F 446. 

B. Adjust accessories for unencumbered, smooth operation and verify that mechanisms function properly.  

Replace damaged or defective items.  Remove temporary labels and protective coatings. 

END OF SECTION
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SECTION 11 31 00 

RESIDENTIAL APPLIANCES 

 

PART 1 – GENERAL 

1.01 SECTION REQUIREMENTS 

A. Allowances:  See Division 01 Section "Price and Payment Procedures" for appliance allowances. 

B. Submittals:  Product Data. 

C. Regulatory Requirements:  Comply with provisions of the following product certification 

1. NFPA:  Provide electrical appliances listed and labeled as defined in NFPA 70, Article 100, by a 

testing agency acceptable to authorities having jurisdiction, and marked for intended use. 

2. UL and NEMA:  Provide electrical components required as part of residential appliances that are 

listed and labeled by UL and that comply with applicable NEMA standards. 

3. ANSI:  Provide gas-burning appliances that comply with ANSI Z21 Series standards. 

4. NAECA:  Provide residential appliances that comply with NAECA standards. 

A. Accessibility:  Where residential appliances are indicated to comply with accessibility requirements, 

comply with the U.S. Architectural & Transportation Barriers Compliance Board's ADA-ABA Accessibility 

Guidelines  

B. Energy Ratings:  Provide appliances that qualify for the EPA/DOE ENERGY STAR product labeling 

program. 

 

PART 2 - PRODUCTS 

2.01 RESIDENTIAL APPLIANCES 
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PART 3 - EXECUTION 

 A.     See Above 

3.01 INSTALLATION 

A. Built-in Appliances:  Securely anchor to supporting cabinetry or countertops with concealed fasteners.  

Verify that clearances are adequate for proper functioning and rough openings are completely 

concealed. 

B. Freestanding Appliances:  Place in final locations after finishes have been completed in each area.  Verify 

that clearances are adequate to properly operate equipment. 

C. Test each item of residential appliances to verify proper operation.  Make necessary adjustments. 

D. Verify that accessories required have been furnished and installed. 

 

 

END OF SECTION 
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SECTION 12 93 00 

SITE FURNISHINGS 

 

PART 1 - GENERAL 

1.01 DESCRIPTION 

A. Site furnishings will be both moveable and fixed units, consisting of custom and pre-made planters, 

benches, bike rack, table and chairs.   

 

PART 2 - PRODUCTS 

2.01 MATERIALS 

A. Steel and Iron: 

1. Steel Plates, Shapes, and Bars:  ASTM A 36/A 36M, hot-dip galvanized. 

2. Steel Sheet:  ASTM A 1011/A 1011M. 

B. Wood:  Surfaced smooth on four sides with eased edges; kiln dried, free of knots, solid stock of species 

indicated, with tongue and groove where indicated. 

1. Wood Species:  White Cedar and Red Cedar 

2.02 SITE FURNISHINGS 

A. Planters 

1. Materials: White Cedar, Red Cedar, Steel, and Plastic. 

a. 3/4”x6” white cedar boards. 

b. 4”x 6” red cedar perlins. 

c. Steel collars, specified in detail sheet S-509. 

d.  Generic plastic sheet lining box to retain moisture. 

2. Construction 

a. Planters shall be constructed by team members prior to transport to Irvine and installed 

on site.  Team members shall comply with all construction specifications and safety 

requirements. 

3. Installation 

a. Planters will be fastened on the solar path at the locations specified in the plan.  Soil and 

plants shall be installed before planters are placed.  

A. Benches 

1. Materials 

a. Wood: 6"x 8”  cedar perlins notched by hand to 4”x8”x3¾” at steel collar connections. 

b. Steel collars, specified in detail sheet S-509. 

2. Construction 

a. Benches shall be installed on site.  Team members shall comply with all construction 

specifications and safety requirements. 

3. Installation 
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a. Benches will be fastened to the solar path at the locations specified in the plan. 

 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. All elements shall be placed on or adjacent to decking or solar path elements according the site plan.  

Where necessary, elements shall be temporarily secured.  No element may be placed within 1.5” of the 

edge of the deck.  All planters and benches near the edge of the deck shall be tested for stability and 

secured as needed. 

 

 

END OF SECTION 
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SECTION 21 00 10 
FIRE SUPPRESSION PIPING 

 
PART 1 - GENERAL 
1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
B. Conditions and Division 1 Specification Sections, apply to this Section. 

1.02 SUMMARY 
A. This Section includes the following fire-suppression piping inside the building: 

1. Wet-pipe sprinkler systems. 
B. Related Sections include the following: 

1. Division 2 Section "Water Distribution" for piping outside the building. 
2. Division 28 Section "Fire Detection and Alarm" for alarm devices not specified in this Section. 

C. Fire protection system is to be designed to NFPA 13D and FM Global standards and requirements. 
1.03 DEFINITIONS 

A. Underground Service-Entrance Piping:  Underground service piping below the building. 
B. Working Plans:  Documents, including drawings, calculations, and material specifications prepared 

according to NFPA 13D for obtaining approval from authorities having jurisdiction. 
1.04 SYSTEM DESCRIPTIONS 

A. Wet-Pipe Sprinkler System:  Automatic sprinklers are attached to piping containing water and that is 
connected to water supply.  Water discharges immediately from sprinklers when they are opened.  
Sprinklers open when heat melts fusible link or destroys frangible device. Hose connections are 
included if indicated. 

1.05 PERFORMANCE REQUIREMENTS 
A. Standard Piping System Component Working Pressure:  Listed for at least 175 psig. 
B. Design Sprinklers and obtain approval from authorities having jurisdiction and FM Global. 
C. Design sprinkle piping according to the following and obtain approval from authorities having 

jurisdiction and FM Global: 
1. Include 20 percent margin of safety for available water flow and pressure. 
2. Include losses through water-service piping, valves, and backflow preventers. 
3. Sprinkler Occupancy Hazard Classifications as follows: 

a. FM Global Requirements. 
4. Minimum Density for Automatic-Sprinkler Piping Design as follows: 

a. FM Global Requirements. 
5. Maximum Protection Area per Sprinkler as follows: 

a. FM Global Requirements. 
D. Seismic Performance:  Fire-suppression piping shall be capable of withstanding the effects of earthquake 

motions determined according to NFPA 13D and FM Global and ASCE 7, "Minimum Design Loads for 
Buildings and Other Structures":  Section 9, "Earthquake Loads." 

1.06 SUBMITTALS 
A. Product Data:  For the following: 

1. Piping and fitting materials, including dielectric fittings, flexible connections, and sprinkler 
specialty fittings.  Along with methods of joining for sprinkler piping. 

2. Pipe hangers and supports, including seismic restraints. 
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3. Valves, including listed fire-protection valves, unlisted general-duty valves, and specialty valves 
and trim. 

4. Sprinklers, escutcheons, and guards. Include sprinkler flow characteristics, mounting, finish, and 
other pertinent data. 

5. Fire Pump and Water Storage. 
6. Hose connections, including size, type, and finish. 
7. Hose stations, including size, type, and finish of hose connections; type and length of fire hoses; 

finish of fire hose couplings; type, material, and finish of nozzles; and finish of rack. 
8. Fire department connections, including type; number, size, and arrangement of inlets; caps and 

chains; size and direction of outlet; escutcheon and marking; and finish. 
9. Alarm devices, including electrical data. 

B. Shop Drawings:  Diagram  
C. Fire-hydrant flow test report. 
D. Approved Sprinkler Piping Drawings:  Working plans, prepared according to NFPA 13D, that have been 

approved by authorities having jurisdiction, including hydraulic calculations, if applicable. 
E. Field Test Reports and Certificates:  Indicate and interpret test results for compliance with performance 

requirements and as described in NFPA 13D and NFPA 14.  Include "Contractor's Material and Test 
Certificate for Aboveground Piping" and "Contractor's Material and Test Certificate for Underground 
Piping. "power, signal, and control wiring.  

F. Welding certificates. 
G. Field quality-control test reports. 
H. Operation and Maintenance Data:  For standpipe and sprinkler specialties to include in emergency, 

operation, and maintenance manuals. 
I. Refer to Section 23 00 50 - Mechanical General Provisions for requirements regarding product 

substitutions. 
1.07 QUALITY ASSURANCE  

A. Installer Qualifications: 
1. Installer's responsibilities include designing, fabricating, and installing fire-suppression systems 

and providing professional engineering services needed to assume engineering responsibility.  
Base calculations on results of fire-hydrant flow test. 

a. Engineering Responsibility:  Preparation of working plans, calculations, and field test 
reports by a qualified professional engineer. 

B. Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel Code:  Section 
IX. 

C. Design Engineer Qualifications:  A professional engineer who is legally qualified to practice in jurisdiction 
where Project is located and who is experienced in providing engineering services of the kind indicated.  
Engineering services are defined as those performed for installations of fire-suppression piping that are 
similar to those indicated for this Project in material, design, and extent.  Design engineer must possess 
a NICET level 3 certification in fire protection systems design at minimum. 

D.   Manufacturer Qualifications:  Firms whose equipment, specialties, and accessories are listed by product 
name and manufacturer in UL's "Fire Protection Equipment Directory" and FM's "Fire Protection 
Approval Guide" and that comply with other requirements indicated. 

E. Sprinkler components:  Listing/approval stamp, label, or other marking by a testing agency acceptable to 
authorities having jurisdiction. 
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F. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70 Article 100, 
by a testing agency acceptable to authorities having jurisdiction. 

G. NFPA Standards:  Fire-suppression-system equipment, specialties, accessories, installation, and testing 
shall comply with the following: 

1. NFPA 13D, "Standard for the Installation of Sprinkler Systems in One- and Two- Family Dwellings 
and Manufacturer Homes." 

1.08 COORDINATION 
A. Coordinate layout and installation of sprinklers with other construction that penetrates ceilings, 

including light fixtures, HVAC equipment, and partition assemblies. 
 
PART 2 - PRODUCTS 
2.01 MANUFACTURERS 

A. All equipment shall be FM Global approved.  All non-FM Global approved equipment shall not be 
permitted. 

B. Available Manufacturers:  Subject to FM Global compliance with requirements, manufacturer's offering 
products that may be incorporated into the work include, but are not limited to, the following: 

1. Specialty Valves and Devices: 
a. Globe Fire Sprinkler Corps. 
b. Reliable Automatic Sprinkler Co., Inc.  
c. Tyco Fire Products 
d. Viking Corp. 

2. Sprinklers: 
a. Globe Fire Sprinkler Corps. 
b. Reliable Automatic Sprinkler Co., Inc.  
c. Tyco Fire Products 
d. Viking Corp. 

2.02 PIPING MATERIALS 
A. Refer to Part 3 "Piping Applications" Article for applications of pipe, tube, fitting, and joining materials. 

2.03 STEEL PIPE AND FITTINGS 
A. Threaded-End, Standard-Weight Steel Pipe:  ASTM A 53/A 53M, ASTM A 135, or ASTM A 795, hot-dip 

galvanized where indicated and with factory- or field-formed threaded ends. 
1. Cast-Iron Threaded Flanges:  ASME B16.1. 
2. Malleable-Iron Threaded Fittings:  ASME B16.3. 
3. Gray-Iron Threaded Fittings:  ASME B16.4. 
4. Steel Threaded Pipe Nipples:  ASTM A 733, made of ASTM A 53/A 53M or ASTM A 106, Schedule 

40, seamless steel pipe hot-dip galvanized where indicated.  Include ends matching joining 
method. 

5. Steel Threaded Couplings:  ASTM A 865 hot-dip galvanized-steel pipe where indicated. 
B. Plain-End, Standard-Weight Steel Pipe:  ASTM A 53/A 53M, ASTM A 135, or ASTM A 795 hot-dip 

galvanized-steel pipe where indicated. 
1. Locking-Lug Fittings:  UL 213, ductile-iron body with retainer lugs that require one-quarter turn 

to secure pipe in fitting. 
a.    Available Manufacturers: 

1) Anvil International, Inc. 



      
 
 
 
 

 

Construction Documentation Project Manual Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 233 
FIRE SUPPRESSION PIPING 21 00 10 

2) Victaulic Co. of America. 
3) Ward Manufacturing. 
4) Or Equal 

C. Plain-End, Standard-Weight Steel Pipe:  ASTM A 53/A 53M, ASTM A 135, or ASTM A 795 hot-dip 
galvanized-steel pipe where indicated. 

1. Steel Welding Fittings:  ASTM A 234/A 234M, and ASME B16.9 or ASME B16.11. 
2. Steel Flanges and Flanged Fittings:  ASME B16.5. 

2.04 CORROSION-PROTECTIVE ENCASEMENT FOR PIPING 
A. Encasement for Underground Metal Piping:  ASTM A 674 or AWWA C105, PE film, 0.008-inch minimum 

thickness, tube or sheet. 
2.05 SPRINKLER SPECIALTY FITTINGS 

A. Sprinkler specialty fittings shall be UL listed and FMG approved, with 175-psig minimum working-
pressure rating, and made of materials compatible with piping.  Sprinkler specialty fittings shall have 
250-psig minimum 300-psig minimum working-pressure rating if fittings are components of high-
pressure piping system. 

B. Outlet Specialty Fittings: 
1. Available Manufacturers: 

a.    Anvil International, Inc.  
b.    Central Sprinkler Corp.  
c.    National Fittings, Inc. 
d.    Southwestern Pipe, Inc. 
e. Star Pipe Products; Star Fittings Div.  
f. Victaulic Co. of America. 
g. Ward Manufacturing. h. Or Equal 

2. Mechanical-T and -Cross Fittings:  UL 213, ductile-iron housing with gaskets, bolts and nuts, and 
threaded, locking-lug, or grooved outlets. 

3. Snap-On and Strapless Outlet Fittings:  UL 213, ductile-iron housing or casting with gasket and 
threaded outlet. 

C. Sprinkler Drain and Alarm Test Fittings:  Cast- or ductile-iron body; with threaded or locking-lug inlet and 
outlet, test valve, and orifice and sight glass. 

1. Available Manufacturers: 
a. Central Sprinkler Corp. 
b. Fire-End and Croker Corp.  
c. Viking Corp. 
d. Victaulic Co. of America.  
e. Or Equal 

D. Sprinkler Branch-Line Test Fittings:  Brass body with threaded inlet, capped drain outlet, and threaded 
outlet for sprinkler. 

1. Available Manufacturers: 
a. Elkhart Brass Mfg. Co., Inc.  
b. Fire-End and Croker Corp. 
c. Potter-Roemer; Fire-Protection Div.  
d. Or Equal 
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E. Sprinkler Inspector's Test Fitting:  Cast- or ductile-iron housing with threaded inlet and drain outlet and 
sight glass. 

1. Available Manufacturers: 
a. AGF Manufacturing Co.  
b. Central Sprinkler Corp.  
c. G/J Innovations, Inc. 
d. Triple R Specialty of Ajax, Inc.  
e. Or Equal 

F. Drop-Nipple Fittings:  UL 1474, adjustable with threaded inlet and outlet, and seals. 
1. Available Manufacturers: 

a. CECA, LLC.  
b. Merit. 
c. Or Equal 

2.06 LISTED FIRE-PROTECTION VALVES 
A. Valves shall be UL listed and FMG approved, with 175-psig minimum pressure rating.  Valves shall have 

250-psig minimum 300-psig pressure rating if valves are components of high-pressure piping system. 
B. Gate Valves with Wall Indicator Posts: 

1. Gate Valves:  UL 262, cast-iron body, bronze mounted, with solid disc, nonrising stem, operating 
nut, and flanged ends. 

2. Indicator Posts:  UL 789, horizontal-wall type, cast-iron body, with hand wheel, extension rod, 
locking device, and cast-iron barrel. 

3. Available Manufacturers: 
a. Grinnell Fire Protection. 
b. McWane, Inc.; Kennedy Valve Div.  
c. NIBCO. 
d. Stockham.  
e. Or Equal 

C. Ball Valves:  Comply with UL 1091, except with ball instead of disc. 
1. NPS 1-1/2 and Smaller:  Bronze body with threaded ends. 
2. NPS 2 and NPS 2-1/2:  Bronze body with threaded ends or ductile-iron body with grooved ends. 
3. NPS 3:  Ductile-iron body with grooved ends. 
4. Available Manufacturers: 

a. NIBCO. 
b. Victaulic Co. of America.  
c. Or Equal 

D. Butterfly Valves:  UL 1091. 
1. NPS 2 and Smaller:  Bronze body with threaded ends.  

a. Available Manufacturers: 
1) Global Safety Products, Inc. 
2) Milwaukee Valve Company. 
3) Or Equal 

2. NPS 2-1/2 and Larger:  Bronze, cast-iron, or ductile-iron body; wafer type or with flanged or 
grooved ends. 

a. Available Manufacturers: 
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1) Central Sprinkler Corp. 
2) Global Safety Products, Inc. 
3) McWane, Inc.; Kennedy Valve Div. 
4) Mueller Company. 
5) NIBCO. 
6) Pratt, Henry Company. 
7) Victaulic Co. of America. 
8) Or Equal 

E. Check Valves NPS 2 and Larger:  UL 312, swing type, cast-iron body with flanged or grooved ends. 
1. Available Manufacturers: 

a. Central Sprinkler Corp. 
b. Crane Co.; Crane Valve Group; Crane Valves.  
c. Globe Fire Sprinkler Corporation. 
d. Grinnell Fire Protection.  
e. Hammond Valve. 
f. Mueller Company.  
g. NIBCO. 
h. Reliable Automatic Sprinkler Co., Inc.  
i. Star Sprinkler Inc. 
j. United Brass Works, Inc.  
k. Victaulic Co. of America. 
l. Watts Industries, Inc.; Water Products Div.  
m.   Or Equal 

F. Gate Valves:  UL 262, OS&Y type. 
1. NPS 2 and Smaller:  Bronze body with threaded ends.  

a. Available Manufacturers: 
1) Crane Co.; Crane Valve Group; Crane Valves. 
2) Hammond Valve. 
3) NIBCO. 
4) United Brass Works, Inc. 
5) Or Equal 

2. NPS 2-1/2 and Larger:  Cast-iron body with flanged ends.  
a. Available Manufacturers: 

1) Clow Valve Co. 
2) Crane Co.; Crane Valve Group; Crane Valves. 
3) Crane Co.; Crane Valve Group; Jenkins Valves. 
4) Hammond Valve. 
5) Milwaukee Valve Company. 
6) Mueller Company. 
7) NIBCO. 
8) Red-White Valve Corp. 
9) United Brass Works, Inc. 
10) Or Equal 

G. Indicating Valves:  UL 1091, with integral indicating device and ends matching connecting piping. 
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1. Indicator:  Electrical, 115-V ac, prewired, single-circuit, supervisory switch. 
2. NPS 2 and Smaller:  Ball or butterfly valve with bronze body and threaded ends.  

a. Available Manufacturers: 
1) Milwaukee Valve Company. 
2) NIBCO. 
3) Victaulic Co. of America. 
4) Or Equal 

3. NPS 2-1/2 and Larger:  Butterfly valve with cast- or ductile-iron body; wafer type or with flanged 
or grooved ends. 

a. Available Manufacturers: 
1) Central Sprinkler Corp. 
2) Grinnell Fire Protection. 
3) McWane, Inc.; Kennedy Valve Div. 
4) Milwaukee Valve Company. 
5) NIBCO. 
6) Victaulic Co. of America. 
7) Or Equal 

2.07 SPECIALTY VALVES 
A.   Sprinkler System Control Valves:  UL listed and FMG approved, cast- or ductile-iron body with flanged or 

grooved ends, and 175-psig minimum pressure rating.  Control valves shall have 250-psig minimum 300-
psig pressure rating if valves are components of high-pressure piping system. 

1. Available Manufacturers: 
a. Central Sprinkler Corp. 
b. Globe Fire Sprinkler Corporation.  
c. Grinnell Fire Protection. 
d. Reliable Automatic Sprinkler Co., Inc.  
e. Star Sprinkler Inc. 
f. Victaulic Co. of America.  
g. Viking Corp. 
h. Or Equal 

2. Alarm Check Valves:  UL 193, designed for horizontal or vertical installation, with bronze 
grooved seat with O-ring seals, single-hinge pin, and latch design.  Include trim sets for bypass, 
drain, electrical sprinkler alarm switch, pressure gauges, retarding chamber, and fill-line 
attachment with strainer. 

a. Drip Cup Assembly:  Pipe drain without valves and separate from main drain piping.  
b. Drip Cup Assembly:  Pipe drain with check valve to main drain piping. 

B. Automatic Drain Valves:  UL 1726, NPS 3/4, ball-check device with threaded ends. 
1. Available Manufacturers: 

a. AFAC Inc. 
b. Grinnell Fire Protection.  
c. Or Equal 

2.08 SPRINKLERS 
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A. Sprinklers shall be UL listed and FMG approved, with 175-psig minimum pressure rating. Sprinklers shall 
have 250-psig minimum 300-psig pressure rating if sprinklers are components of high-pressure piping 
system. 

B. Available Manufacturers: 
C. Automatic Sprinklers:  With heat-responsive element complying with the following: 

1. UL 1626, for residential applications. 
2. UL 1767, for early-suppression, fast-response applications. 

D. Sprinkler Types and Categories:  Nominal 1/2-inch orifice for "Ordinary" temperature classification 
rating, unless otherwise indicated or required by application. 

1. Open Sprinklers:  UL 199, without heat-responsive element. 
a. Orifice:  1/2 inch, with discharge coefficient K between 5.2 and 5.8. 
b. Orifice:  17/32 inch, with discharge coefficient K between 7.4 and 8.2. E. Sprinkler types, 

features, and options as follows: 
1. Extended-coverage sprinklers. 
2. Flush ceiling sprinklers, including escutcheon. 
3. Pendent sprinklers. 
4. Quick-response sprinklers. 
5. Recessed sprinklers, including escutcheon. 
6. Sidewall sprinklers. 
7. Upright sprinklers. 

F. Sprinkler Finishes:  Chrome plated, bronze, and painted. 
G. Special Coatings:  Wax, lead, and corrosion-resistant paint. 
H. Sprinkler Escutcheons:  Materials, types, and finishes for the following sprinkler mounting applications.  

Escutcheons for concealed, flush, and recessed-type sprinklers are specified with sprinklers. 
1. Ceiling Mounting:  Chrome-plated steel, one piece, flat. 
2. Sidewall Mounting:  Chrome-plated steel, one piece, flat. 

I. Sprinkler Guards:  Wire-cage type, including fastening device for attaching to sprinkler. 
2.09 HOSE CONNECTIONS 

A. Available Manufacturers: 
1. Central Sprinkler Corp. 
2. Elkhart Brass Mfg. Co., Inc. 
3. Grinnell Fire Protection. 
4. Guardian Fire Equipment Incorporated. 
5. Mueller Company. 
6. United Brass Works, Inc. 
7. Or Equal 

B. Description:  UL 668, brass or bronze, 300-psig minimum pressure rating, hose valve for connecting fire 
hose.  Include angle or gate pattern design; female NPS inlet and male hose outlet; and lugged cap, 
gasket, and chain.  Include NPS 1-1/2 or NPS 2-1/2 as indicated, and hose valve threads according to 
NFPA 1963 and matching local fire department threads. 

1. Valve Operation:  Nonadjustable type, unless pressure-regulating type is indicated. 
2. Finish:  Rough metal or chrome-plated. 

2.10 FIRE DEPARTMENT CONNECTIONS  
A. Available Manufacturers: 
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1. AFAC Inc. 
2. Central Sprinkler Corp. 
3. Elkhart Brass Mfg. Co., Inc. 
4. Fire-End and Croker Corp. 
5. Fire Protection Products, Inc. 
6. GMR International Equipment Corporation. 
7. Guardian Fire Equipment Incorporated. 
8. Potter-Roemer; Fire-Protection Div. 
9. Reliable Automatic Sprinkler Co., Inc. 
10.   United Brass Works, Inc. 
11.   Or Equal 

B. Wall-Type, Fire Department Connection:  UL 405, 175-psig minimum pressure rating; with corrosion-
resistant-metal body with brass inlets, brass wall escutcheon plate, brass lugged caps with gaskets and 
brass chains, and brass lugged swivel connections. Include inlets with threads according to NFPA 1963 
and matching local fire department sizes and threads, outlet with pipe threads, extension pipe nipples, 
check devices or clappers for inlets, and escutcheon plate with marking similar to "AUTO SPKR & 
STANDPIPE." 

1. Type:  Coordinate with Authority Having Jurisdiction. 
C. Exposed, Freestanding-Type, Fire Department Connection:  UL 405, [175-psig (1200-kPa) minimum] 

[300-psig (2070-kPa)] pressure rating; with corrosion-resistant-metal body, brass inlets with threads 
according to NFPA 1963 and matching local fire department sizes and threads, and bottom outlet with 
pipe threads.  Include brass lugged caps, gaskets, and brass chains; brass lugged swivel connection and 
drop clapper for each hose-connection inlet; 18-inch- (460-mm-) high, brass sleeve; and round, floor, 
brass escutcheon plate with marking "AUTO SPKR & STANDPIPE." 

1. Finish Including Sleeve:  Polished brass. 
2.11 ALARM DEVICES 

A. Alarm-device types shall match piping and equipment connections. 
B. Electrically Operated Alarm:  UL 464, with 8-inch- diameter, vibrating-type, metal alarm bell with red-

enamel factory finish and suitable for outdoor use. 
1. Available Manufacturers: 

a. Potter Electric Signal Company.  
b. System Sensor. 
c. Or Equal 

C. Water-Flow Indicator:  UL 346, electrical-supervision, paddle-operated-type, water-flow detector with 
250-psig pressure rating and designed for horizontal or vertical installation. Include two single-pole, 
double-throw circuit switches for isolated alarm and auxiliary contacts, 7 A, 125-V ac and 0.25 A, 24-V 
dc; complete with factory-set, field-adjustable retard element to prevent false signals and tamperproof 
cover that sends signal if removed. 

1. Available Manufacturers: 
a. ADT Security Services, Inc.  
b. Grinnell Fire Protection. 
c. ITT McDonnell & Miller. 
d. Potter Electric Signal Company.  
e. System Sensor. 
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f. Viking Corp. 
g. Watts Industries, Inc.; Water Products Div.  
h. Or Equal 

D. Pressure Switch:  UL 753, electrical-supervision-type, water-flow switch with retard feature. Include 
single-pole, double-throw, normally closed contacts and design that operates on rising pressure and 
signals water flow. 

1. Available Manufacturers: 
a. Grinnell Fire Protection. 
b. Potter Electric Signal Company.  
c. System Sensor. 
d. Viking Corp.  
e. Or equal 

E. Valve Supervisory Switch:  UL 753, electrical, single-pole, double-throw switch with normally closed 
contacts. Include design that signals controlled valve is in other than fully open position. 

1. Available Manufacturers: 
a. McWane, Inc.; Kennedy Valve Div.  
b. Potter Electric Signal Company. 
c. System Sensor.  
d. Or Equal 

2.12 PRESSURE GAUGES 
A. Available Manufacturers: 

1. AGF Manufacturing Co. 
2. AMETEK, Inc.; U.S. Gauge. 
3. Brecco Corporation. 
4. Dresser Equipment Group; Instrument Div. 
5. Marsh Bellofram. 
6. WIKA Instrument Corporation. 
7. Or Equal 

B. Description:  UL 393, 3-1/2- to 4-1/2-inch- diameter, dial pressure gauge with range of 0 to 250 psig 
minimum. 

1. Water System Piping:  Include caption "WATER" or "AIR/WATER" on dial face. 
2. Air System Piping:  Include retard feature and caption "AIR" or "AIR/WATER" on dial face. 

 
PART 3 -  EXECUTION 
3.01 PREPARATION 

A. Perform fire-hydrant flow test according to NFPA 13, NFPA 14 and NFPA 291.  Use results for system 
design calculations required in Part 1 "Quality Assurance" Article. 

B. Report test results promptly and in writing. 
3.02 EARTHWORK 

A. Refer to Division 2 Section "Earthwork" for excavating, trenching, and backfilling. 
3.03 EXAMINATION 

A. Examine roughing-in for hose connections and stations to verify actual locations of piping connections 
before installation. 



      
 
 
 
 

 

Construction Documentation Project Manual Published       
U.S. D.O.E. Solar Decathlon 2013  Page  - 240 
FIRE SUPPRESSION PIPING 21 00 10 

B. Examine walls and partitions for suitable thicknesses, fire- and smoke-rated construction, framing for 
hose-station cabinets, and other conditions where hose connections and stations are to be installed. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 
3.04 PIPING APPLICATIONS, GENERAL 

A. Shop weld pipe joints where welded piping is indicated.  
B. Do not use welded joints for galvanized-steel pipe. 
C. Flanges, flanged fittings, unions, nipples, and transition and special fittings with finish and pressure 

ratings same as or higher than system's pressure rating may be used in aboveground applications, unless 
otherwise indicated. 

D. Piping between Fire Department Connections and Check Valves:  Galvanized, standard-weight steel pipe 
with threaded ends; cast- or malleable-iron threaded fittings. 

E. Underground Service-Entrance Piping:  Ductile-iron, mechanical-joint pipe and fittings and restrained 
joints. Include corrosion-protective encasement. 

3.05 SPRINKLER SYSTEM PIPING APPLICATIONS 
A. Standard-Pressure, Wet-Pipe Sprinkler System, 175-psig Maximum Working Pressure: 

1. NPS 1-1/2 and Smaller:  Threaded-end, black, standard-weight steel pipe; cast- or malleable-iron 
threaded fittings; and threaded joints. 

2. NPS 2:  Threaded-end, black, standard-weight steel pipe; cast- or malleable-iron threaded 
fittings; and threaded joints. 

3.06 VALVE APPLICATIONS 
A. Drawings indicate valve types to be used.  Where specific valve types are not indicated, the following 

requirements apply: 
1. Listed Fire-Protection Valves:  UL listed and FMG approved for applications where required by 

NFPA 13D and NFPA 14. 
a. Shutoff Duty:  Use ball, butterfly, or gate valves. 

2. Unlisted General-Duty Valves:  For applications where UL-listed and FMG-approved valves are 
not required by NFPA 13 and NFPA 14. 

a. Shutoff Duty:  Use ball, butterfly, or gate valves.  
b. Throttling Duty:  Use ball or globe valves. 

3.07 JOINT CONSTRUCTION 
A. Refer to Division 23 Section "Mechanical General Provisions" for basic piping joint construction. 
B. Threaded Joints:  Comply with NFPA 13D for pipe thickness and threads. Do not thread pipe smaller 

than NPS 8 with wall thickness less than Schedule 40 unless approved by authorities having jurisdiction 
and threads are checked by a ring gauge and comply with ASME B1.20.1. 

C. Twist-Locked Joints:  Insert plain-end piping into locking-lug fitting and rotate retainer lug one-quarter 
turn. 

D. Pressure-Sealed Joints:  Use UL-listed tool and procedure.  Include use of specific equipment, pressure-
sealing tool, and accessories. 

E.    Mechanically Formed, Copper-Tube-Outlet Joints:  Use UL-listed tool and procedure.  Drill pilot hole in 
copper tube, form branch for collar, dimple tube to form seating stop, and braze branch tube into 
formed-collar outlet. 

F. Grooved Joints:  Assemble joints with listed coupling and gasket, lubricant, and bolts. 
1. Ductile-Iron Pipe:  Radius-cut-groove ends of piping.  Use grooved-end fittings and grooved-end-

pipe couplings. 
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2. Steel Pipe:  Square-cut or roll-groove piping as indicated.  Use grooved-end fittings and rigid, 
grooved-end-pipe couplings, unless otherwise indicated. 

3. Copper Tube:  Roll-groove tubing.  Use grooved-end fittings and grooved-end-tube couplings. 
4. Dry-Pipe Systems:  Use fittings and gaskets listed for dry-pipe service. 

G. Dissimilar-Metal Piping Joints:  Construct joints using dielectric fittings compatible with both piping 
materials. 

1. NPS 2 and Smaller:  Use dielectric unions, couplings, or nipples. 
2. NPS 2-1/2 to NPS 4:  Use dielectric flanges. 
3. NPS 5 and Larger:  Use dielectric flange insulation kits. 

3.08 SERVICE-ENTRANCE PIPING 
A. Connect fire-suppression piping to water-service piping of size and in location indicated for service 

entrance to building.  Refer to Division 2 Section "Water Distribution" for exterior piping. 
B. Install shutoff valve, backflow preventer, pressure gauge, drain, and other accessories indicated at 

connection to water-service piping.  Refer to Division 2 Section "Water Distribution" for backflow 
preventers. 

C. Install shutoff valve, check valve, pressure gauge, and drain at connection to water service. 
3.09 WATER-SUPPLY CONNECTION 

A. Connect fire-suppression piping to building's interior water distribution piping.  Refer to Division 22 
Section "Domestic Water Piping" for interior piping. 

B. Install shutoff valve, backflow preventer, pressure gauge, drain, and other accessories indicated at 
connection to water distribution piping.  Refer to Division 22 Section "Plumbing Specialties" for backflow 
preventers. 

C. Install shutoff valve, check valve, pressure gauge, and drain at connection to water supply. 
3.10 PIPING INSTALLATION 

A. Refer to Division 23 Section "Mechanical General Provisions" for basic piping installation.  
B. Locations and Arrangements:  Drawing plans, schematics, and diagrams indicate general location and 

arrangement of piping.  Install piping as indicated, as far as practical. 
1. Deviations from approved working plans for piping require written approval from authorities 

having jurisdiction.  File written approval with Architect before deviating from approved 
working plans. 

C. Install underground ductile-iron service-entrance piping according to NFPA 24 and with restrained 
joints. Encase piping in corrosion-protective encasement. 

D. Install underground copper service-entrance piping according to NFPA 24. Encase piping in corrosion-
protective encasement. 

E. Use approved fittings to make changes in direction, branch takeoffs from mains, and reductions in pipe 
sizes. 

F. Install unions adjacent to each valve in pipes NPS 2 and smaller.  Unions are not required on flanged 
devices or in piping installations using grooved joints. 

G. Install flanges or flange adapters on valves, apparatus, and equipment having NPS 2-1/2 and larger 
connections. 

H. Install "Inspector's Test Connections" in sprinkler system piping, complete with shutoff valve, sized and 
located according to NFPA 13. 

I. Install sprinkler piping with drains for complete system drainage. 
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J. Install sprinkler zone control valves, test assemblies, and drain risers adjacent to standpipes when 
sprinkler piping is connected to standpipes. 

K. Install drain valves on standpipes. 
L. Install ball drip valves to drain piping between fire department connections and check valves. Drain to 

floor drain or outside building.  
M.   Install alarm devices in piping systems. 
N. Hangers and Supports:  Comply with NFPA 13D for hanger materials. 

1. Install standpipe system piping according to NFPA 14. 
2. Install sprinkler system piping according to NFPA 13D. 

O. Earthquake Protection:  Install piping according to NFPA 13D to protect from earthquake damage. 
P. Install pressure gauges on riser or feed main, at each sprinkler test connection, and at top of each 

standpipe. Include pressure gauges with connection not less than NPS 1/4 and with soft metal seated 
globe valve, arranged for draining pipe between gauge and valve. Install gauges to permit removal, and 
install where they will not be subject to freezing. 

Q. Fill wet-standpipe system piping with water. 
R. Fill wet-pipe sprinkler system piping with water. 
S. Install flexible connectors on fire-pump and pressure-maintenance-pump supply and discharge 

connections and in fire-suppression piping where indicated. 
3.11 VALVE INSTALLATION 

A. Install listed fire-protection valves, unlisted general-duty valves, specialty valves and trim, controls, and 
specialties according to NFPA 13D and NFPA 14 and authorities having jurisdiction. 

B. Install listed fire-protection shutoff valves supervised-open, located to control sources of water supply 
except from fire department connections.  Install permanent identification signs indicating portion of 
system controlled by each valve. 

C. Install check valve in each water-supply connection.  Install backflow preventers instead of check valves 
in potable-water supply sources. 

D. Specialty Valves: 
1. Alarm Check Valves:  Install in vertical position for proper direction of flow, including bypass 

check valve and retarding chamber drain-line connection. 
3.12 SPRINKLER APPLICATIONS 

A. Drawings indicate sprinkler types to be used.  All sprinklers and installations shall comply with FM Global 
requirements. Where specific types are not indicated, use the following sprinkler types: 

1. Rooms without Ceilings: Upright sprinklers. 
2. Rooms with Suspended Ceilings:  Concealed sprinklers. 
3. Wall Mounting:  Sidewall sprinklers. 
4. Spaces Subject to Freezing:  Pendent, dry sprinklers. 
5. Sprinkler Finishes: 

a. Upright, Pendent, and Sidewall Sprinklers:  Chrome plated in finished spaces exposed to 
view; rough bronze in unfinished spaces not exposed to view; wax coated where 
exposed to acids, chemicals, or other corrosive fumes. 

b. Concealed Sprinklers:  Rough brass, with factory-painted white cover plate. 
3.13 SPRINKLER INSTALLATION 

A. Install sprinklers in suspended ceilings in center of narrow dimension of acoustical ceiling panels and 
tiles. 
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B. Do not install pendent or sidewall, wet-type sprinklers in areas subject to freezing.  Use dry-type 
sprinklers with water supply from heated space. 

C. All exposed sprinkler piping in public areas shall be painted to match finishes. To be coordinated with 
owner. 

3.14 HOSE-CONNECTION INSTALLATION 
A. Install hose connections adjacent to standpipes, unless otherwise indicated. 
B. Install freestanding hose connections for access and minimum passage restriction. 
C. Install NPS 1-1/2 hose-connection valves with flow-restricting device, unless otherwise indicated. 
D. Install NPS 2-1/2 hose connections with quick-disconnect NPS 2-1/2 by NPS 1-1/2  reducer adapter and 

flow-restricting device, unless otherwise indicated. 
E.    Install wall-mounting-type hose connections in cabinets.  Include pipe escutcheons, with finish matching 

valves, inside cabinet where water-supply piping penetrates cabinet.  Install valves at angle required for 
connection of fire hose.   

3.15 FIRE DEPARTMENT CONNECTION INSTALLATION 
A. Install wall-type, fire department connections in vertical wall. 
B. Install freestanding-type, fire department connections in level surface. 
C. Install ball drip valve at each check valve for fire department connection. 

3.16 CONNECTIONS 
A. Drawings indicate general arrangement of piping, fittings, and specialties.  
B. Install piping adjacent to equipment to allow service and maintenance. 
C. Connect water-supply piping to fire-suppression piping.  Include backflow preventer between potable-

water piping and fire-suppression piping.  Refer to Division 22 Section "Plumbing Specialties" for 
backflow preventers. 

D. Install ball drip valves at each check valve for fire department connection.  Drain to floor drain or 
outside building. 

E. Connect piping to specialty valves, hose valves, specialties, fire department connections, and 
accessories. 

F. Electrical Connections:  Power wiring is specified in Division 26.  
G. Connect alarm devices to fire alarm. 
H. Ground equipment according to Division 26 Section "Grounding and Bonding."  
I. Connect wiring according to Division 26 Section "Conductors and Cables." 
J. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening 

values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B. 
3.17 LABELING AND IDENTIFICATION 

A. Install labeling and pipe markers on equipment and piping according to requirements in NFPA 13D and 
NFPA 14 and in Division 23 Section "Mechanical Identification." 

3.18 FIELD QUALITY CONTROL 
A. Perform the following field tests and inspections and prepare test reports: 

1. Leak Test:  After installation, charge system and test for leaks. Repair leaks and retest until no 
leaks exist. 

2. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 
equipment. 

3. Energize circuits to electrical equipment and devices. 
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4. Flush, test, and inspect sprinkler systems according to NFPA 13D, "Systems Acceptance" 
Chapter. 

5. Flush, test, and inspect standpipe systems according to NFPA 14, "System Acceptance" Chapter. 
6. Coordinate with fire alarm tests. Operate as required. 
7. Verify that equipment hose threads are same as local fire department equipment. 

B. Report test results promptly and in writing to Architect and authorities having jurisdiction. 
3.19 CLEANING AND PROTECTION 

A. Clean dirt and debris from sprinklers. 
B. Remove and replace sprinklers with paint other than factory finish.  
C. Protect sprinklers from damage until Substantial Completion. 

3.20 DEMONSTRATION 
A. Engauge a factory-authorized service representative to train Owner's maintenance personnel to adjust, 

operate, and maintain specialty valves. 
 
 

END OF SECTION 
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SECTION 22 05 00 
PLUMBING GENERAL PROVISIONS 

PART 1 GENERAL 
1. 01  RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
Division 1 Specification Sections, apply to this Section. 

1.02 SUMMARY 
A. This Section includes Contract requirements and the following basic mechanical materials and methods to 

complement other Division 21, 22 and 23 Sections 
1. Piping materials and installation instructions common to most piping systems. 
2. Transition fittings. 
3.  Concrete base construction requirements. 
4. Escutcheons. 
5. Dielectric fittings. 
6. Flexible connectors. 
7. Mechanical sleeve seals. 
8. Nonshrink grout for equipment installations. 
9. Field-fabricated metal and wood equipment supports. 
10.   Installation requirements common to equipment specification sections. 
11.   Cutting and patching. 
12.   Touchup painting and finishing. 

B. Pipe and pipe fitting materials are specified in Division 21, 22, and 23 piping system Sections. 
1.03 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and duct 
shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawl spaces, and 
tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces and 
mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors, or subject to outdoor ambient temperatures and 
weather conditions. Examples include rooftop locations. 

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by building 
occupants.  Examples include above ceilings and in duct shafts. 

E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions and physical 
contact by building occupants, but subject to outdoor ambient temperatures. Examples include installations 
within unheated shelters. 

F. The use of the word “Provide”: Whenever the word “Provide” is used in the specifications and/or on the 
drawings, it shall mean “furnish and install”, “connect”, “apply”, “erect”, “construct”, or similar terms, unless 
otherwise indicated. 

G. The use of the word “Piping”: “Piping” shall include but not be limited to, in addition to piping or mains, all 
fittings, flanges, unions, valves, strainers, drains, traps, insulation, vents, hangers and other accessories relative 
to such piping. 

H. The use of the word “Material”: Whenever the word material is used in the specifications and/or on the 
drawings, it shall mean any “product”, “equipment”, “device”, “assembly”, or “item” required under the 
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contract, as indicated by trade or brand name, manufacturer’s name, standard specification reference or other 
description. 

I. The term “Mechanical Contractor”, “HVAC Contractor”, “Plumbing Contractor” or “Contractor” refer to the Sub 
Contractor or his Sub Contractors responsible for the furnishing and installation of all work indicated on the 
Mechanical, HVAC, and/or Plumbing drawings and in the Mechanical, HVAC, and/or Plumbing Specifications. 

J. The term “Accessible” indicates ease of access with or without the use of ladders and without requiring 
extensive removal of other equipment, such as ductwork, piping, conduit, etc to gain access.  “accessible ceiling” 
indicates acoustical tile type hung ceilings.  Concealed spline or sheetrock ceilings with access panes shall not be 
considered accessible ceilings. 

K. The following are industry abbreviations for plastic materials: 
1. ABS:  Acrylonitrile-butadiene-styrene plastic. 
2. CPVC:  Chlorinated polyvinyl chloride plastic. 
3. NP:  Nylon plastic. 
4. PE:  Polyethylene plastic. 
5. PVC:  Polyvinyl chloride plastic. 

L. The following are industry abbreviations for rubber materials: 
1. CR:  Chlorosulfonated polyethylene synthetic rubber. 
2. EPDM:  Ethylene propylene diene terpolymer rubber. 

1.04 CODES, STANDARDS, REFERENCES, AND PERMITS 
A.  All material and workmanship shall comply with all the latest editions of all applicable Codes, Specifications, 
Local and State Ordinances, Industry Standards and Utility Company Regulations. 
B. In case of differences between the Building Codes, State Law, Local Ordinances, Industry Standards and Utility 
Company Regulations and the Contract Documents, the contractor shall promptly notify the Engineer in writing 
of any such difference. 
C. In case of conflict between the Contract Documents and the requirements of any Code or Authorities having 
jurisdiction, the most stringent requirements of the aforementioned shall govern for budgetary and bid 
purposes. However, no work will proceed until the Engineer determines the correct method of installation. 
D. Should the contractor perform any work that does not comply with the requirements of the applicable 
Building Codes, State Laws, Local Ordinances, Industry Standards and Utility Company Regulations, the 
contractor shall bear all costs arising in correcting the deficiencies, as approved by the Engineer. 
E. All potable water installations shall meet the following requirements: maximum weighted average lead 
content to 0.25 percent for fixtures and 0.2 percent for solder or flux.  This shall apply to pipes, fittings, fixtures, 
valves and other products that come in contact with drinking water 

1.05 SUBMITTALS 
A. Product Data:  For the following: 

1. Transition fittings. 
2. Dielectric fittings. 
3. Mechanical sleeve seals. 
4. Escutcheons. 
B. Welding certificates. 

B. Shop Drawings:  Detail fabrication and installation for metal and wood supports and anchorage for mechanical 
materials and equipment. 
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C. Samples:  Of color, lettering style, and other graphic representation required for each identification material and 
device. 
1.06 QUALITY ASSURANCE 

A. Comply with ASME A13.1 for lettering size, length of color field, colors, and viewing angles of 
identification devices. 

B. Equipment Selection:  Equipment of higher electrical characteristics, physical dimensions, capacities, 
and ratings may be furnished provided such proposed equipment is approved in writing and connecting 
mechanical and electrical services, circuit breakers, conduit, motors, bases, and equipment spaces are 
increased.  Additional costs shall be approved in advance by appropriate Contract Modification for these 
increases. If minimum energy ratings or efficiencies of equipment are specified, equipment must meet 
design and commissioning requirements. 

1.07 SYSTEM DESCRIPTION 
A. Furnish and install all materials in order to provide functioning systems, upon completion, in compliance with 
all applicable codes, authorities having jurisdiction, manufacturer’s requirements, performance requirements 
specified, and any modifications resulting from reviewed shop drawings and the field coordination drawings. 

1.08 SCOPE OF WORK 
A. The contractor is responsible for furnishing and installing all the devices and equipment shown 

indicated the Mechanical Drawings including materials and equipment required to create fully 
operational systems. 

B. The contractor shall be responsible for reviewing the Architectural, Electrical, and Fire Protection Plans. 
In addition to all mechanical equipment, plumbing fixtures, and mechanical devices indicated on the 
Mechanical Plans, the contractor is responsible for mechanical installation of all the equipment and 
devices shown on the Architectural Plans and the Electrical Plans. 

C. The contractor shall be responsible for reviewing the Architectural, Electrical, and Fire Protection Plans. 
Prior to bid, the contractor shall notify the Engineer of any discrepancies between the Architectural, 
Electrical, Mechanical, and Fire Protection Plans regarding equipment locations, equipment quantities, 
piping and duct work routing, device locations, light locations, chase locations, etc. otherwise it will be 
assumed the contractor is responsible for mechanical installation of all the equipment and devices 
shown on the Architectural Plans, Mechanical Plans, Plumbing Plans, Fire Protection Plans and the 
Electrical Plans regardless of whether they are indicated on the Mechanical Plans. 

1.09 DRAWING INTERPRETATION 
A. The project drawings are schematic in nature and indicate general arrangement of equipment. It is not 

the intent of the drawings to substitute for shop drawings.  In many instances, equipment and devices 
are sized on one manufacturer’s product.  In the event of a field verification or coordination issue, 
report issue to Owners construction supervisor. 

B. Piping and air duct plans are intended to show size, capacity, approximate location, direction and 
general relationship of one work phase to another, but not exact detail or arrangement. The drawings 
do not necessarily indicate all required offsets, details and accessories and equipment to be connected 
or encountered in the way of new work. 

C. Generally, layout pipelines requiring drainage first, followed by large pipe mains, air duct and electrical 
conduit.  Follow this procedure for an orderly installation but not to establish precedence of one trade 
over another.  It must be understood that pipe and duct hanger installations must comply with seismic 
bracing requirements.  Minimizing hanger lengths (structure to equipment and crossbars) to 12” and 
under minimizes the requirement for seismic bracing. 
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D. Install work as closely as possible to layouts shown on drawings.  Modify work as necessary to meet job 
conditions and to clear other equipment.  Offsets, transitions and changes of direction in all systems 
shall be made as required to maintain proper headroom and pitch of sloping lines, to avoid existing field 
conditions as wel as to maintain clearances to equipment whether or not indicated on the drawings.  
The contractor shall provide all drains, traps and accessories as required for his work to effect these 
offsets, transitions and changes in direction.  Consult Design Professional before making changes that 
effect the function or appearance of systems. 

E. Do not install equipment, air ducting or piping in a non-code compliant fashion due to drawing 
interpretation.  Provide modification of illustrated work in order to accommodate job conditions at no 
cost to Owner. 

F. In some cases, drawings are based on products of one or several manufacturers, as listed on the 
contract documents.  The contractor shall be held responsible for modifications made necessary by 
substitution of products or other manufacturers. 

1.10  DELIVERY, STORAGE, AND HANDLING 
A. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping, storage, 

and handling to prevent pipe end damage and prevent entrance of dirt, debris, and moisture. 
B.  Protect stored pipes and tubes from moisture and dirt.  Elevate above grade. Do not exceed structural 

capacity of floor, if stored inside. 
C. Protect flanges, fittings, and piping specialties from moisture and dirt. 
D. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending. 

1.11  COORDINATION 
A. Do not install any part of a system until all critical components of the systems and related systems have 

been approved.  Coordinate individual parts of systems. 
B. Coordinate contract work with other work specified in other sections.  Relocate work if required for 

proper installation and functioning of other systems, at no extra cost to the Owner. 
C. Install products in accordance with manufacturer’s instructions.  Notify Design Professional if Contract 

Documents conflict with manufacturer’s instructions.  Comply with Design Professional’s 
interpretations, 

D. In general, air duct, heating and sprinkler piping, and drainage lines take precedence over water, gas, 
and electrical conduits.  The design professional will final decisions regarding the arrangement of work, 
which cannot be agreed upon by the contractors. 

1.12  SEQUENCING AND SCHEDULING 
A. Coordinate mechanical equipment installation with other building components. 
B. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of construction 

to allow for mechanical installations. 
C. Coordinate installation of required supporting devices and set sleeves in poured-in-place concrete and 

other structural components, as they are constructed. 
D.    Sequence, coordinate, and integrate installations of mechanical materials and equipment for efficient 

flow of the work.  Coordinate installation of large equipment requiring positioning before closing in 
building. 

E. Coordinate connection of mechanical systems with exterior underground and overhead utilities and 
services.  Comply with requirements of governing regulations, franchised service companies, and 
controlling agencies. 
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F. Coordinate requirements for access panels and doors if mechanical items requiring access are concealed 
behind finished surfaces. Access panels and doors are specified in Division 8 Section "Access Doors." 

G. Coordinate installation of identifying devices after completing covering and painting, if devices are 
applied to surfaces. Install identifying devices before installing acoustical ceilings and similar 
concealment. 

1.13  “AS-BUILT” RECORD DRAWINGS 
A. Record daily progress on one set of construction documents.  Utilize a permanent black or blue marking 

media. All progress of record drawings shall be provided in a neat and accurate fashion. 
B. As-built drawing reviews will be completed on a monthly basis by the engineer of record. 

Release of requisitions will be based on the regular progress of As-built drawings.  The latest As-built 
drawings shall be submitted for review with each requisition for payment. 

C. Formal As-built drawings shall be submitted for review at the completion of each phase of the work.  
The as-built drawings shall be ¼” scale and created in electronic format utilizing both AUTOCAD Release 
2000.  At the completion of each phase of work, the mechanical contractor shall submit to the Engineer 
the original field progress as-built drawings, the electronic files of the formal as-built drawings, and four 
sets of final as-built drawings plotted on 24” x 36” ‘D’ sized sheets.  Final payment for the phase of work 
and the start of the next phase shall be dependent of approval of the as-built drawings. 

1.14  GUARANTEE 
A. Provide written guarantee of all completed/installed work.  Materials, equipment and workmanship 

shall be guaranteed for a minimum period of one year after Owners acceptance of work.  Any failure 
due to defective material, equipment or workmanship shall be corrected at no additional cost to owner. 
This shall include damage completed to other areas of construction or facility resulting from this failure.  
Provide correction of any failure within an acceptable/reasonable time period. 

B. Provide all equipment and material manufacturers guarantees and/or warranties to owner after 
acceptance of installation. 

1.15  OPERATING AND MAINTENANCE MANUALS 
A. Provide operating and maintenance information for all equipment, devices, systems, and materials. This 

shall include all maintenance and operations procedures, recommendations, and service requirements. 
All submitted data must include minimum equipment/device operations and maintenance requirements 
to fulfill manufacturers warrantees. 

B. Submit all engineering selection and specification documentation with operating and maintenance 
information for all equipment, devices, systems, and materials.\ 

C. Submit all data media in a detailed, organized, and complete manner.  Provide a minimum of three 
copies to Owners construction supervisor for engineer/architect review.  Submit in 3 ring bound 
enclosure. 

 
PART 2 PRODUCTS 
2.01 PIPE AND PIPE FITTINGS 

A. Refer to individual Division 21, 22, and 23 piping Sections for pipe and fitting materials and joining 
methods. 

2.02 JOINING MATERIALS 
A. Refer to individual Division 21, 22, and 23 piping Sections for special joining materials not listed below. 
B. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents. 



      
 
 
 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 250 
PLUMBING GENERAL PROVISIONS                      22 05 00 

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch maximum thickness unless thickness or 
specific material is indicated. 
a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges. b.
 Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

2. AWWA C110, rubber, flat face, 1/8 inch thick, unless otherwise indicated; and full-face or ring 
type, unless otherwise indicated. 

C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 
D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system 

manufacturer, unless otherwise indicated. 
E. Solder Filler Metals:  ASTM B 32, lead-free alloys. Include water-flushable flux according to ASTM B 813. 
F. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty brazing, unless 

otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, unless otherwise indicated. 
G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall thickness 

and chemical analysis of steel pipe being welded. 
H. Solvent Cements for Joining Plastic Piping: 

1. ABS Piping:  ASTM D 2235. 
2. CPVC Piping:  ASTM F 493. 
3. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656. 
4. PVC to ABS Piping Transition:  ASTM D 3138. 

I. Fiberglass Pipe Adhesive:  As furnished or recommended by pipe manufacturer. 
2.03 TRANSITION FITTINGS 

A. AWWA Transition Couplings:  Same size as, and with pressure rating at least equal to and with ends 
compatible with, piping to be joined. 
1. Underground Piping NPS 1-1/2 and Smaller:  Manufactured fitting or coupling. 
2. Underground Piping NPS 2 and Larger:  AWWA C219, metal sleeve-type coupling. 
3. Aboveground Pressure Piping:  Pipe fitting. 

B. Plastic-to-Metal Transition Fittings:  CPVC and PVC one-piece fitting with manufacturer's Schedule 80 
equivalent dimensions; one end with threaded brass insert, and one solvent-cement-joint end. 
1. Manufacturers: 

a. Eslon Thermoplastics. 
C. Plastic-to-Metal Transition Adaptors:  One-piece fitting with manufacturer's SDR 11 equivalent 

dimensions; one end with threaded brass insert, and one solvent-cement-joint end. 
1. Manufacturers: 

a. Thompson Plastics, Inc. 
D. Plastic-to-Metal Transition Unions:  MSS SP-107, CPVC and PVC four-part union.  Include brass end, 

solvent-cement-joint end, rubber O-ring, and union nut. 
1. Manufacturers: 

a. NIBCO INC. 
b. NIBCO, Inc.; Chemtrol Div. 

E. Flexible Transition Couplings for Underground Nonpressure Drainage Piping:  ASTM C 1173 with 
elastomeric sleeve, ends same size as piping to be joined, and corrosion-resistant metal band on each 
end. 
1. Manufacturers: 

a. Cascade Waterworks Mfg. Co. 
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 b. Fernco, Inc. 
c. Mission Rubber Company.  
d. Plastic Oddities, Inc. 

2.04 DIELECTRIC FITTINGS 
A. General:  Assembly or fitting with insulating material isolating joined dissimilar metals, to prevent 

galvanic action and stop corrosion. 
B. Dielectric unions:  Dielectric unions are not acceptable. 
C. Description:  Combination of copper alloy and ferrous; threaded, solder, plain, and weld-neck end types 

and matching piping system materials. 
D. Insulating Material:  Suitable for system fluid, pressure, and temperature. 
E. Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig minimum 

working pressure as required to suit system pressures. 
F. Dielectric-Flange Insulation Kits:  Field-assembled, companion-flange assembly, full-face or ring type.  

Components include neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic 
washers, and steel backing washers. 
1. Provide separate companion flanges and steel bolts and nuts for 150- or 300-psig minimum 

working pressure as required to suit system pressures. 
G. Dielectric Couplings:  Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining; 

threaded ends; and 300-psig minimum working pressure at 225 deg F. 
H. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, 

threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F 
2.05 FLEXIBLE CONNECTORS 

A. General:  Fabricated from materials suitable for system fluid and that will provide flexible pipe 
connections. Include 250-psig minimum working-pressure rating, unless higher working pressure is 
indicated, and ends according to the following: 
1. 2-Inch NPS and Smaller:  Threaded. 
2. 2-1/2-Inch NPS and Larger:  Flanged. 
3. Option for 2-1/2-Inch NPS and Larger:  Grooved for use with keyed couplings. 

B. Bronze-Hose, Flexible Connectors:  Corrugated, bronze, inner tubing covered with bronze wire braid.  
Include copper-tube ends or bronze flanged ends, braze welded to hose. 

C. Stainless-Steel-Hose/Steel Pipe, Flexible Connectors:  Corrugated, stainless-steel, inner tubing covered 
with stainless-steel wire braid.  Include steel nipples or flanges, welded to hose. 

D. Stainless-Steel-Hose/Stainless-Steel Pipe, Flexible Connectors:  Corrugated, stainless-steel, inner tubing 
covered with stainless-steel wire braid.  Include stainless-steel nipples or flanges, welded to hose. 

E. Rubber, Flexible Connectors:  CR or EPDM elastomer rubber construction, with multiple plies of NP 
fabric, molded and cured in hydraulic presses. Include 125-psig minimum working-pressure rating at 
220 deg F.  Units may be straight or elbow type, unless otherwise indicated. 

2.06 SLEEVES 
A. Galvanized-Steel Sheet:  0.0239-inch minimum thickness; round tube closed with welded longitudinal 

joint. 
B. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends. 
C. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends and 

integral waterstop, unless otherwise indicated. 
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D. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange. Include clamping 
ring and bolts and nuts for membrane flashing. 
1. Underdeck Clamp:  Clamping ring with set screws. 

E. Molded PVC:  Permanent, with nailing flange for attaching to wooden forms. F. PVC Pipe:  ASTM D 
1785, Schedule 40. 

F. Molded PE:  Reusable, PE, tapered-cup shaped, and smooth-outer surface with nailing flange for 
attaching to wooden forms. 

2.07 PIPING SPECIALTIES 
A. Sleeves:  The following materials are for wall, floor, slab, and roof penetrations: 

1. Steel Sheet Metal:  0.0239-inch minimum thickness, galvanized, round tube closed with welded 
longitudinal joint. 

2. Steel Pipe:  ASTM A 53, Type E, Grade A, Schedule 40, galvanized, plain ends. 
3. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends 

and integral waterstop, unless otherwise indicated. 
4. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange. Include 

clamping ring and bolts and nuts for membrane flashing. a. Underdeck Clamp:  Clamping 
ring with set screws. 

B. Escutcheons:  Manufactured wall, ceiling, and floor plates; deep-pattern type if required to conceal 
protruding fittings and sleeves. 
1. ID:  Closely fit around pipe, tube, and insulation of insulated piping. 
2. OD:  Completely cover opening. 
3. Cast Brass:  Split casting, with concealed hinge and set screw. 

a. Finish:  Rough brass. 
b. Finish:  Polished chrome-plate. 

2.08 GROUT 
A. Nonshrink, Nonmetallic Grout:  ASTM C 1107, Grade B. 

1. Characteristics:  Post-hardening, volume-adjusting, dry, hydraulic-cement grout, nonstaining, 
noncorrosive, nongaseous, and recommended for interior and exterior applications. 

2. Design Mix:  5000-psig, 28-day compressive strength. 
3. Packaging:  Premixed and factory packaged. 

 
PART 3 EXECUTION 
3.01 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. Install piping according to the following requirements and Division 21, 22, and 23 Sections specifying 
piping systems. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. 
Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, 
pump sizing, and other design considerations.  Install piping as indicated unless deviations to layout are 
approved on Coordination Drawings. 

C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and 
service areas. 

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or 
parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise. 

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 
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F. Install piping to permit valve servicing 
G. Install piping at indicated slopes. 
H. Install piping free of sags and bends. 
I. Install fittings for changes in direction and branch connections.  
J. Install piping to allow application of insulation. 
K. Select system components with pressure rating equal to or greater than system operating pressure. 
L. Install escutcheons for penetrations of walls, ceilings, and floors according to the following: 

1. New Piping: 
a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-pattern type. 
b. Chrome-Plated Piping:  One-piece, cast-brass type with polished chrome-plated finish. 
c. Insulated Piping:  One-piece, stamped-steel type with spring clips. 
d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, cast-brass 

type with polished chrome-plated finish. 
e. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-casting, cast-brass type with 

polished chrome-plated finish. 
f. Bare Piping in Unfinished Service Spaces:  One-piece, cast-brass type with polished 

chrome-plated finish. 
g. Bare Piping in Equipment Rooms:  One-piece, cast-brass type. 
h. Bare Piping at Floor Penetrations in Equipment Rooms:  One-piece, floor-plate type. M.   

Sleeves are not required for core-drilled holes with smooth concrete bore. 
N. Permanent sleeves are not required for holes formed by removable PE sleeves. 
O. Install sleeves for pipes passing through concrete and masonry walls and concrete floor and roof slabs. 
P. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and 

concrete floor and roof slabs. 
1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception:  Extend sleeves installed in floors of mechanical equipment areas or other 
wet areas 2 inches above finished floor level.  Extend cast-iron sleeve fittings below 
floor slab as required to secure clamping ring if ring is specified. 

2. Install sleeves in new walls and slabs as new walls and slabs are constructed. 
3. Install sleeves that are large enough to provide 1/4-inch annular clear space between sleeve and 

pipe or pipe insulation.  Use the following sleeve materials: 
a. Steel Pipe Sleeves:  For pipes smaller than NPS 6. 
b. Steel Sheet Sleeves:  For pipes NPS 6 and larger, penetrating gypsum-board partitions. 
c. Stack Sleeve Fittings:  For pipes penetrating floors with membrane waterproofing. 

Secure flashing between clamping flanges.  Install section of cast-iron soil pipe to extend 
sleeve to 2 inches above finished floor level.  Refer to Division 7 Section "Sheet Metal 
Flashing and Trim" for flashing. 

d. Seal space outside of sleeve fittings with grout. 
 

4. Except for underground wall penetrations, seal annular space between sleeve and pipe or pipe 
insulation, using joint sealants appropriate for size, depth, and location of joint. Refer to 
Division 7 Section "Joint Sealants" for materials and installation. 
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Q. Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using sleeves and mechanical sleeve 
seals.  Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing 
mechanical sleeve seals. 
1. Install steel pipe for sleeves smaller than 6 inches in diameter. 
2. Install cast-iron "wall pipes" for sleeves 6 inches and larger in diameter. 
3.      Mechanical Sleeve Seal Installation:  Select type and number of sealing elements required for 

pipe material and size. Position pipe in center of sleeve. Assemble mechanical sleeve seals and 
install in annular space between pipe and sleeve. Tighten bolts against pressure plates that 
cause sealing elements to expand and make watertight seal. 

R. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe 
penetrations.  Seal pipe penetrations with firestop materials.  Refer to Division 7 Section "Through-
Penetration Firestop Systems" for materials.  

S. Verify final equipment locations for roughing-in. 
T. Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements. 

3.02 PIPING JOINT CONSTRUCTION 
A. Join pipe and fittings according to the following requirements and Division 21, 22, and 23 Sections 

specifying piping systems. 
B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 
C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly. 
D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end.  

Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder 
alloy complying with ASTM B 32. 

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, using 
copper-phosphorus brazing filler metal complying with AWS A5.8. 

 
F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full 

and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID. Join pipe 
fittings and valves as follows: 
1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading 

is specified. 
2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  

Do not use pipe sections that have cracked or open welds. 
G. Welded Joints:  Construct joints according to AWS D10.12, using qualified processes and welding 

operators according to Part 1 "Quality Assurance" Article.  
H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  

Install gasket concentrically positioned.  Use suitable lubricants on bolt threads. 
3.03 PIPING CONNECTIONS 

A. Make connections according to the following, unless otherwise indicated: 
1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final connection to 

each piece of equipment. 
2. Install flanges, in piping NPS 2-1/2 and larger, adjacent to flanged valves and at final connection 

to each piece of equipment 
3. Dry Piping Systems:  Install dielectric unions and flanges to connect piping materials of dissimilar 

metals. 
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4. Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping materials of 
dissimilar metals. 

3.04 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 
A. Install equipment to allow maximum possible headroom unless specific mounting heights are not 

indicated. 
B. Install equipment level and plumb, parallel and perpendicular to other building systems and 

components in exposed interior spaces, unless otherwise indicated. 
C. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of 

components.  Connect equipment for ease of disconnecting, with minimum interference to other 
installations.  Extend grease fittings to accessible locations. 

D. Install equipment to allow right of way for piping installed at required slope. 
E. Install equipment according to approved submittal data.  Portions of the Work are shown only in 

diagrammatic form.  Refer conflicts to Architect. 
F. Install equipment level and plumb, parallel and perpendicular to other building systems and 

components in exposed interior spaces, unless otherwise indicated. 
G. Install flexible connectors on equipment side of shutoff valves, horizontally and parallel to equipment 

shafts if possible. 
3.05 PAINTING AND FINISHING 

A. Apply paint to exposed piping according to the following, unless otherwise indicated: 
1. Interior, Ferrous Piping:  Use semigloss, acrylic-enamel finish.  Include finish coat over enamel 

undercoat and primer. 
2. Interior, Galvanized-Steel Piping:  Use semigloss, acrylic-enamel finish.  Include two finish coats 

over galvanized metal primer. 
3. Interior, Ferrous Supports:  Use semigloss, acrylic-enamel finish.  Include finish coat over enamel 

undercoat and primer. 
4. Exterior, Ferrous Piping:  Use semigloss, acrylic-enamel finish.  Include two finish coats over rust-

inhibitive metal primer. 
5. Exterior, Galvanized-Steel Piping:  Use semigloss, acrylic-enamel finish.  Include two finish coats 

over galvanized metal primer. 
6. Exterior, Ferrous Supports:  Use semigloss, acrylic-enamel finish.  Include two finish coats over 

rust-inhibitive metal primer. 
B. Do not paint piping specialties with factory-applied finish. 
C. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 

procedures to match original factory finish. 
3.06 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both directions 
than supported unit.  Provide 2” chamfered edges on top of concrete pads.  Follow supported 
equipment manufacturer's setting templates for anchor bolt and tie locations. Use 3000-psig, 28-day 
compressive-strength concrete and reinforcement as specified in Division Section "Cast-in-Place 
Concrete."  Provide broom finish. 

B. The mechanical contractor shall fill each air handling unit fan inertia base with cast-in-place concrete. 
Use 3000-psig, 28-day compressive-strength concrete and reinforcement as specified in Division 3 
Section "Cast-in-Place Concrete." 

3.07 ERECTION OF METAL SUPPORTS AND ANCHORAGE 
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A. Refer to Division 5 Section "Metal Fabrications" for structural steel 
B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to 

support and anchor mechanical materials and equipment. 
C. Field Welding:  Comply with AWS D1.1, "Structural Welding Code--Steel." 

3.08 ERECTION OF WOOD SUPPORTS AND ANCHORAGE 
A. Cut, fit, and place wood grounds, nailers, blocking, and anchorage to support and anchor mechanical 

materials and equipment. 
B. Select fastener sizes that will not penetrate members if opposite side will be exposed to view or will 

receive finish materials.  Tighten connections between members.  Install fasteners without splitting 
wood members. 

C. Attach to substrates as required to support applied loads 
3.09 CUTTING AND PATCHING 

A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces necessary for 
mechanical installations.  Perform cutting by skilled mechanics of trades. 

B. Repair cut surfaces to match adjacent surfaces. 
C. Mechanical Contractor shall be responsible for any patching of existing partitions after removal of duct 

work and HVAC piping. 
D. The Plumbing Contractor Shall be responsible for any patching of existing partitions after removal of 

plumbing piping. 
3.10  GROUTING 

A. Install nonmetallic, nonshrink, grout for mechanical equipment base bearing surfaces, pump and other 
equipment base plates, and anchors. Mix grout according to manufacturer's written instructions. 

B. Clean surfaces that will come into contact with grout. C. Provide forms as required for placement of 
grout. 

C. Avoid air entrapment during placing of grout. 
D. Place grout, completely filling equipment bases. 
E. Place grout on concrete bases to provide smooth bearing surface for equipment. G.  

 Place grout around anchors. 
F. Cure placed grout according to manufacturer's written instructions. 

3.11  FIRESTOPPING 
A. The mechanical contractor is responsible for providing proper U.L. Listed firestopping and 

smokestopping for all duct, pipe, controls conduit, and related electrical conduit installed by the 
mechanical contractor. 

B. The mechanical contractor shall utilize the latest fire and smoke protection materials and installation 
methods. The mechanical contractor shall guarantee that all materials installed are fire and smoke 
stopped per U.L. Listing, NFPA, building code requirements. 

C.   The mechanical contractor shall utilize Architectural Life Safety Drawings to identify partition ratings. If the 
mechanical contractor is unsure of partition rating then he or she must inquire to Construction 
Manager. 

 
 

END OF SECTION 
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SECTION 22 10 05 
PLUMBING PIPING 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Pipe, pipe fittings, valves, and connections for piping systems. 
1. Sanitary sewer. 
2. Domestic water. 

1.02 RELATED REQUIREMENTS 
A. Section 083100 - Access Doors and Panels. 
B. Section 262717 - Equipment Wiring:  Electrical characteristics and wiring connections. 

1.03 REFERENCE STANDARDS 
A. ANSI Z21.22 - American National Standard for Relief Valves and Automatic Gas Shutoff Devices for Hot 

Water Supply Systems; 1999, and addenda A&B (R2004). 
B. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; The American Society of Mechanical 

Engineers; 2012 (ANSI B16.18). 
C. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The American Society of 

Mechanical Engineers; 2001 (R2010). 
D. ASME B16.23 - Cast Copper Alloy Solder Joint Drainage Fittings - DWV; The American Society of 

Mechanical Engineers; 2011. 
E. ASME B16.26 - Cast Copper Alloy Fittings for Flared Copper Tubes; The American Society of Mechanical 

Engineers; 2011. 
F. ASME B16.29 - Wrought Copper and Wrought Copper Alloy Solder Joint Drainage Fittings - DWV; The 

American Society of Mechanical Engineers; 2012. 
G. ASME B31.9 - Building Services Piping; The American Society of Mechanical Engineers; 2011 (ANSI/ASME 

B31.9). 
H. ASME (BPV IV) - Boiler and Pressure Vessel Code, Section IV - Rules for Construction of Heating Boilers; 

The American Society of Mechanical Engineers; 2010. 
I. ASME (BPV IX) - Boiler and Pressure Vessel Code, Section IX - Welding and Brazing Qualifications; The 

American Society of Mechanical Engineers; 2010. 
J. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded 

and Seamless; 2012. 
K. ASTM B32 - Standard Specification for Solder Metal; 2008. 
L. ASTM B42 - Standard Specification for Seamless Copper Pipe, Standard Sizes; 2010. 
M.    ASTM B68/B68M - Standard Specification for Seamless Copper Tube, Bright Annealed; 2011 
N. ASTM B75/B75M - Standard Specification for Seamless Copper Tube; 2011. 
O. ASTM B75M - Standard Specification for Seamless Copper Tube (Metric); 1999 (Reapproved 2005) 
P. ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2009. 
Q. ASTM B280 - Standard Specification for Seamless Copper Tube for Air Conditioning and 

Refrigeration Field Service; 2008. 
R. ASTM B306 - Standard Specification for Copper Drainage Tube (DWV); 2009. 
S. ASTM F477 - Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe; 

2010. 
T. ASTM F493 - Standard Specification for Solvent Cements for Chlorinated Poly (Vinyl 
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Chloride) (CPVC) Plastic Pipe and Fittings; 2010. 
U. ASTM F628 - Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Schedule 40 

Plastic Drain, Waste, and Vent Pipe with a Cellular Core; 2008. 
V. ASTM F679 - Standard Specification for Poly(Vinyl Chloride) (PVC) Large-Diameter Plastic Gravity Sewer 

Pipe and Fittings; 2008. 
W.   ASTM F876 - Standard Specification for Crosslinked Polyethylene (PEX) Tubing; 2010. X.ASTM F877 - 

Standard Specification for Crosslinked Polyethylene (PEX) Plastic Hot- and Cold-Water Distribution 
Systems; 2011. 

Y. ASTM F708 - Standard Practice for Design and Installation of Rigid Pipe Hangers; 1992 (Reapproved 
2008). 

Z. ASTM F1281 - Standard Specification for Crosslinked Polyethylene/Aluminum/Crosslinked Polyethylene 
(PEX-AL-PEX) Pressure Pipe; 2011. 

AA.  ASTM F1282 - Standard Specification for Polyethylene/Aluminum/Polyethylene (PE-AL-PE) Composite 
Pressure Pipe; 2010. 

AB.  AWS A5.8/A5.8M - Specification for Filler Metals for Brazing and Braze Welding; American 
Welding Society; 2011 and errata. 

AC.  MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection, Application, and 
Installation; Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.; 2009. 

AD.  MSS SP-67 - Butterfly Valves; Manufacturers Standardization Society of the Valve and Fittings Industry, 
Inc.; 2011. 

AE.  MSS SP-69 - Pipe Hangers and Supports - Selection and Application; Manufacturers Standardization 
Society of the Valve and Fittings Industry, Inc.; 2003. 

AF.  MSS SP-70 - Cast Iron Gate Valves, Flanged and Threaded Ends; Manufacturers Standardization Society 
of the Valve and Fittings Industry, Inc.; 2011. 

AG.  MSS SP-71 - Cast Iron Swing Check Valves, Flanged and Threaded Ends; Manufacturer Standardization 
Society of the Valve and Fittings Industry, Inc.; 2011. 

AH.  MSS SP-78 - Cast Iron Plug Valves, Flanged and Threaded Ends; Manufacturers Standardization Society 
of the Valve and Fittings Industry, Inc.; 2011. 

AI.   MSS SP-80 - Bronze Gate, Globe, Angle and Check Valves; Manufacturers Standardization Society of the 
Valve and Fittings Industry, Inc.; 2008. 

AJ.   MSS SP-110 - Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends; 
Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.; 2010. 

AK.  NSF 61 - Drinking Water System Components - Health Effects; 2012. 
1.04 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide data on pipe materials, pipe fittings, valves, and accessories. Provide 

manufacturers catalog information.  Indicate valve data and ratings. 
C. Project Record Documents:  Record actual locations of valves. 
D. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project. 

1. See Section 016000 - Product Requirements, for additional provisions. 
1.05 QUALITY ASSURANCE 

A. Perform Work in accordance with State of Vermont, standards. 
B. Valves:  Manufacturer's name and pressure rating marked on valve body. 
C. Welding Materials and Procedures:  Conform to ASME (BPV IX) and applicable state labor regulations. 
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D. Welder Qualifications:  Certified in accordance with ASME (BPV IX). 
E. Identify pipe with marking including size, ASTM material classification, ASTM specification, potable 

water certification, water pressure rating. 
1.06 REGULATORY REQUIREMENTS 

A. Perform Work in accordance with State of Vermont plumbing code. 
B. Conform to applicable code for installation of backflow prevention devices. 
C. Complete potable water installation shall meet the following requirements: maximum weighted average 

lead content to 0.25 percent.  This shall apply to pipes, fittings, fixtures, valves and other products that 
come in contact with drinking water. 

1.07 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. 
1.08 FIELD CONDITIONS 

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

PART 2 PRODUCTS 
2.01  SANITARY SEWER PIPING, BURIED BEYOND 5 FEET OF BUILDING 

 A. PVC PIPE AND FITTINGS 
1. Solid-Wall PVC Pipe:  ASTM D 2665, drain, waste, and vent. 
2. Cellular-Core PVC Pipe:  ASTM F 891, Schedule 40. 

a. PVC Socket Fittings:  ASTM D 2665, made to ASTM D 3311, drain, waste, and vent 
patterns and to fit Schedule 40 pipe. 

3. Cellular-Core, Sewer and Drain Series, PVC Pipe:  ASTM F 891, Series PS 100. 
a. PVC Socket Fittings:  ASTM D 2665, made to ASTM D 3311, drain, waste, and vent 

patterns and to fit Series PS 100 sewer and drain pipe. 
B. ABS PIPE AND FITTINGS 

1. Solid-Wall ABS Pipe:  ASTM D 2661, Schedule 40. 
2. Cellular-Core ABS Pipe:  ASTM F 628, Schedule 40. 

 

3. ABS Socket Fittings:  ASTM D 2661, made to ASTM D 3311, drain, waste, and vent patterns. 
2.02  SANITARY SEWER PIPING, BURIED WITHIN 5 FEET OF BUILDING  

A. PVC PIPE AND FITTINGS 
1. Solid-Wall PVC Pipe:  ASTM D 2665, drain, waste, and vent. 
2. Cellular-Core PVC Pipe:  ASTM F 891, Schedule 40. 

a. PVC Socket Fittings:  ASTM D 2665, made to ASTM D 3311, drain, waste, and vent 
patterns and to fit Schedule 40 pipe. 

3. Cellular-Core, Sewer and Drain Series, PVC Pipe:  ASTM F 891, Series PS 100. 
a. PVC Socket Fittings:  ASTM D 2665, made to ASTM D 3311, drain, waste, and vent 

patterns and to fit Series PS 100 sewer and drain pipe. 
B. ABS PIPE AND FITTINGS 

1. Solid-Wall ABS Pipe:  ASTM D 2661, Schedule 40. 
2. Cellular-Core ABS Pipe:  ASTM F 628, Schedule 40. 
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3. ABS Socket Fittings:  ASTM D 2661, made to ASTM D 3311, drain, waste, and vent patterns. 
2.03  SANITARY SEWER PIPING, ABOVE GRADE 

 A. PVC PIPE AND FITTING 
1. Solid-Wall PVC Pipe:  ASTM D 2665, drain, waste, and vent. 
2. Cellular-Core PVC Pipe:  ASTM F 891, Schedule 40. 

a. PVC Socket Fittings:  ASTM D 2665, made to ASTM D 3311, drain, waste, and vent 
patterns and to fit Schedule 40 pipe. 

3. Cellular-Core, Sewer and Drain Series, PVC Pipe:  ASTM F 891, Series PS 100. 
a. PVC Socket Fittings:  ASTM D 2665, made to ASTM D 3311, drain, waste, and vent 

patterns and to fit Series PS 100 sewer and drain pipe. 
B. ABS PIPE AND FITTINGS 

1. Solid-Wall ABS Pipe:  ASTM D 2661, Schedule 40. 
2. Cellular-Core ABS Pipe:  ASTM F 628, Schedule 40. 
3. ABS Socket Fittings:  ASTM D 2661, made to ASTM D 3311, drain, waste, and vent patterns. 

2.04  WATER PIPING, BURIED BEYOND 5 FEET OF BUILDING  
A. Copper Pipe:  ASTM B42, hard drawn. 

1. Fittings:  ASME B16.18, cast copper alloy or ASME B16.22 wrought copper and bronze. 
2. Joints:  ASTM B 32, alloy Sn95 solder. 

2.05  WATER PIPING, BURIED WITHIN 5 FEET OF BUILDING 
 A. Copper Pipe:  ASTM B42, hard drawn. 

1. Fittings:  ASME B16.18, cast copper alloy or ASME B16.22 wrought copper and bronze. 
2. Joints:  ASTM B 32, alloy Sn95 solder. 

2.06 WATER PIPING, ABOVE GRADE 
A. PEX Distribution System:  ASTM F 877, SDR 9 tubing. 

1. Fittings for PEX Tube:  ASTM F 1807, metal-insert type with copper crimp rings and matching 
PEX tube dimensions. 

2. Manifold:  Multiple-outlet, plastic or corrosion-resistant-metal assembly complying with ASTM F 
877 and with plastic or corrosion-resistant-metal valve for each outlet. 

2.07 FLANGES, UNIONS, AND COUPLINGS 
A. Unions for Pipe Sizes 3 Inches and Under: 

1. Ferrous pipe:  Class 150 malleable iron threaded unions. 
2. Copper tube and pipe:  Class 150 bronze unions with soldered joints. 

 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. 
2. Copper tube and pipe:  Class 150 slip-on bronze flanges; preformed neoprene gaskets. 

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

2.08 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. 
a. Cold and Hot Pipe Sizes 6 Inches and Over:  Double hangers. 
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3. Trapeze Hangers:  Welded steel channel frames attached to structure. 
4. Vertical Pipe Support:  Steel riser clamp. 
5. Floor Supports:  Concrete pier or steel pedestal with floor flange; fixture attachment. B.

 Plumbing Piping - Drain, Waste, and Vent: 
1. Conform to ASME B31.9. 
2. Hangers for Pipe Sizes 1/2 Inch to 1-1/2 Inches:  Malleable iron, adjustable swivel, split 

ring. 
3. Hangers for Pipe Sizes 2 Inches and Over:  Carbon steel, adjustable, clevis. 
4. Multiple or Trapeze Hangers:  Steel channels with welded spacers and hanger rods.  
5. Wall Support for Pipe Sizes to 3 Inches:  Cast iron hook. 
6. Wall Support for Pipe Sizes 4 Inches and Over:  Welded steel bracket and wrought steel 

clamp 
7. Vertical Support:  Steel riser clamp. 
8. Floor Support:  Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, and 

concrete pier or steel support. 
9. Copper Pipe Support:  Carbon steel ring, adjustable, copper plated.  

C. Plumbing Piping - Water: 
1. Conform to ASME B31.9. 
2. Hangers for Pipe Sizes 1/2 Inch to 1-1/2 Inches:  Malleable iron, adjustable swivel, split ring. 
3. Hangers for Cold Pipe Sizes 2 Inches and Over:  Carbon steel, adjustable, clevis. 
4. Hangers for Hot Pipe Sizes 2 Inches to 4 Inches:  Carbon steel, adjustable, clevis. 
5. Multiple or Trapeze Hangers:  Steel channels with welded supports or spacers and hanger rods. 
6. Multiple or Trapeze Hangers for Hot Pipe Sizes 6 Inches and Over:  Steel channels with welded 

supports or spacers and hanger rods, cast iron roll. 
7. Wall Support for Pipe Sizes to 3 Inches:  Cast iron hook. 
8. Vertical Support:  Steel riser clamp. 
9. Floor Support for Cold Pipe:  Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, and 

concrete pier or steel support. 
10.   Floor Support for Hot Pipe Sizes to 4 Inches:  Cast iron adjustable pipe saddle, locknut, nipple, floor 

flange, and concrete pier or steel support. 
11.   Copper Pipe Support:  Carbon steel ring, adjustable, copper plated. 

D. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners, as follows: 
1. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193. 
2. Masonry Wedge Expansion Anchors:  Complying with ICC-ES AC01. 
3. Concrete Screw Type Anchors:  Complying with ICC-ES AC193. 
4. Masonry Screw Type Anchors:  Complying with ICC-ES AC106. 
5. Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308. 
6. Other Types:  As required. 

2.09 BALL VALVES 
A.    and Smaller:  MSS SP-110, Class 150, 400 psi CWP, bronze, two piece body, chrome plated brass ball, 

regular port, teflon seats and stuffing box ring, blow-out proof stem, lever handle with balancing stops, 
solder ends with union. 

2.10  PLUG VALVES 
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A. Construction 2-1/2 Inches and Larger:  MSS SP-78, 175 psi CWP, cast iron body and plug, pressure 
lubricated, teflon or Buna N packing, flanged or grooved ends.  Provide lever operator with set screw. 

2.11  BUTTERFLY VALVES 
A. Provide gear operators for valves 8 inches and larger, and chain-wheel operators for valves mounted 

over 8 feet above floor. 
B. and Larger:  MSS SP-67, 200 psi CWP, cast or ductile iron body, nickel-plated ductile iron disc, resilient 

replaceable EPDM seat, wafer ends, extended neck, 10 position lever handle. 
2.12  FLOW CONTROLS 

A. Construction:  Class 125, Brass or bronze body with union on inlet and outlet, temperature and pressure 
test plug on inlet and outlet, blowdown/backflush drain. 

B. Calibration:  Control flow within 5 percent of selected rating, over operating pressure range of 10 times 
minimum pressure required for control, maximum minimum pressure 3.5 psi psi. 

2.13  SWING CHECK VALVES 
 A. Up to 2 Inches: 

1. MSS SP-80, Class 125, bronze body and cap, bronze swing disc with rubber seat, solderends. 
B. Over 2 Inches: 

1. MSS SP-71, Class 125, iron body, bronze swing disc, renewable disc seal and seat, flanged or 
grooved ends. 

2.14  SPRING LOADED CHECK VALVES 
A. Class 125, iron body, bronze trim, stainless steel springs, bronze disc, Buna N seals, wafer style ends. 

2.15  WATER PRESSURE REDUCING VALVES 
 A. Up to 2 Inches: 

1. MSS SP-80, bronze body, stainless steel and thermoplastic internal parts, fabric reinforced 
diaphragm, strainer, threaded single union ends. 

B. Over 2 Inches: 
1. MSS SP-85, cast iron body, bronze fitted, elastomeric diaphragm and seat disc, flanged. 

2.16  RELIEF VALVES 
 A. Pressure Relief: 

1. AGA Z21.22 certified, bronze body, teflon seat, steel stem and springs, automatic, direct 
pressure actuated. 

B. Temperature and Pressure Relief: 
1. AGA Z21.22 certified, bronze body, teflon seat, stainless steel stem and springs, automatic, 

direct pressure actuated, temperature relief maximum 210 degrees F, capacity ASME (BPV IV) 
certified and labelled. 

2.17  STRAINERS 
A. Size 2 inch and Under: 

1. Threaded brass body for 175 psi CWP, Y pattern with 1/32 inch stainless steel perforated screen. 
2. Class 150, threaded bronze body 300 psi CWP, Y pattern with 1/32 inch stainless steel 

perforated screen. 
B. Size 1-1/2 inch to 4 inch: 

1. Class 125, flanged iron body, Y pattern with 1/16 inch stainless steel perforated screen. 
 
PART 3 EXECUTION 
3.01 EXAMINATION 
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A. Verify that excavations are to required grade, dry, and not over-excavated. 
3.02 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. 

3.03 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.  
E. Group piping whenever practical at common elevations. 
F. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected 

equipment.  Refer to Section 220516. 
G. Provide clearance in hangers and from structure and other equipment for installation of insulation and 

access to valves and fittings. Refer to Section 220719. 
H. Provide access where valves and fittings are not exposed.  Coordinate size and location of access doors 

with Section 083100 
I. Establish elevations of buried piping outside the building to ensure not less than 6 ft of cover.  

J. Where pipe support members are welded to structural building framing, scrape, brush clean and apply 
one coat of zinc rich primer to welding. 

K. Provide support for utility meters in accordance with requirements of utility companies. 
L. Prepare exposed, unfinished pipe, fittings, supports, and accessories ready for finish painting. Refer to 

Section 099000. 
M. Install bell and spigot pipe with bell end upstream. 
N. Install valves with stems upright or horizontal, not inverted. 
O. Pipe vents from gas pressure reducing valves to outdoors and terminate in weather proof hood.  
P. Install water piping to ASME B31.9. 
Q. Sleeve pipes passing through partitions, walls and floors. 
R. Pipe Hangers and Supports: 

1. Install in accordance with ASME B31.9. 
2. Support horizontal piping as scheduled. 
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 disengaugement of supported pipe. 
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. 
8. Prime coat exposed steel hangers and supports. Refer to Section 099000.  Hangers and 

supports located in crawl spaces, pipe shafts, and suspended ceiling spaces are not considered 
exposed. 

9. Provide hangers adjacent to motor driven equipment with vibration isolation; refer to Section 
220548. 
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10. Support cast iron drainage piping at every joint. 
3.04 APPLICATION 

A. Install unions downstream of valves and at equipment or apparatus connections. 
B. Install brass male adapters each side of valves in copper piped system.  Solder adapters to pipe.  
C. Install ball or butterfly valves for shut-off and to isolate equipment, part of systems, or vertical risers. 
D. Install globe valves for throttling, bypass, or manual flow control services. 
E. Provide lug end butterfly valves adjacent to equipment when provided to isolate equipment. F. Provide 

spring loaded check valves on discharge of water pumps. 
3.05 TOLERANCES 

A. Drainage Piping:  Establish invert elevations within 1/2 inch vertically of location indicated and slope to 
drain at minimum of 1/4 inch per foot slope. 

B. Water Piping:  Slope at minimum of 1/32 inch per foot and arrange to drain at low points. 
3.06 DISINFECTION OF DOMESTIC WATER PIPING SYSTEM 

A. Disinfect water distribution system in accordance with Section 331300. 
 B. Prior to starting work, verify system is complete, flushed and clean. 
C. Ensure Ph of water to be treated is between 7.4 and 7.6 by adding alkali (caustic soda or soda ash) or 

acid (hydrochloric). 
D. Inject disinfectant, free chlorine in liquid, powder, tablet or gas form, throughout system to obtain 50 to 

80 mg/L residual. 
E. Bleed water from outlets to ensure distribution and test for disinfectant residual at minimum 15 percent 

of outlets. 
F. Maintain disinfectant in system for 24 hours. 
G. If final disinfectant residual tests less than 25 mg/L, repeat treatment. 
H. Flush disinfectant from system until residual equal to that of incoming water or 1.0 mg/L. 
I. Take samples no sooner than 24 hours after flushing, from 10 percent of outlets and from water entry, 

and analyze in accordance with AWWA C651. 
3.07 SERVICE CONNECTIONS 

A. Provide new sanitary sewer services.  Before commencing work check invert elevations required for 
sewer connections, confirm inverts and ensure that these can be properly connected with slope for 
drainage and cover to avoid freezing. 

B. Provide new water service complete with approved reduced pressure backflow preventer and water 
meter with by-pass valves, pressure reducing valve, and sand strainer. 
1. Provide sleeve in wall for service main and support at wall with reinforced concrete bridge.  Calk 

enlarged sleeve and make watertight with pliable material.  Anchor service main inside to 
concrete wall. 

2.     Provide 18 gauge galvanized sheet metal sleeve around service main to 6 inch above floor and 6 
feet minimum below grade. Size for minimum of 2 inches of loose batt insulation stuffing. 

C. Provide new gas service complete with gas meter and regulators. Gas service distribution piping to have 
initial minimum pressure of 7 inch wg.  Provide regulators on each line serving gravity type appliances, 
sized in accordance with equipment. 

3.08 SCHEDULES 
A. Pipe Hanger Spacing: 

1. Metal Piping: 
a. Pipe size:  1/2 inches to 1-1/4 inches: 
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1) Maximum hanger spacing:  6.5 ft. 
2) Hanger rod diameter:  3/8 inches. b. Pipe size:  1-1/2 inches to 2 inches: 
3) Maximum hanger spacing:  10 ft. 
4) Hanger rod diameter:  3/8 inch. c. Pipe size:  2-1/2 inches to 3 inches: 
5) Maximum hanger spacing:  10 ft. 
6) Hanger rod diameter:  1/2 inch. d. Pipe size:  4 inches to 6 inches: 
7) Maximum hanger spacing:  10 ft. 
8) Hanger rod diameter:  5/8 inch. 

 

 

END OF SECTION
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SECTION 22 10 06 
PLUMBING PIPING SPECIALTIES 

 

PART 1 GENERAL 
1.01 SECTION INCLUDES  

A. Cleanouts. 
B. Hose bibs. 
C. Backflow preventers. 
D. Thermostatic mixing valves. 
E. Washing Machine Service Boxes 

1.02 RELATED REQUIREMENTS 
A. Section 016000 - Product Requirements:  Procedures for [Owner]-supplied products.  
B. Section 224000 - Plumbing Fixtures. 
C. Section 223000 - Plumbing Equipment.  
D. Section 232113 - Hydronic Piping 

1.03 REFERENCE STANDARDS 
A. ASSE 1011 - Hose Connection Vacuum Breakers; American Society of Sanitary Engineering; 

2004 (ANSI/ASSE 1011). 
B. ASSE 1012 - Backflow Preventer with Intermediate Atmospheric Vent; American Society of 

Sanitary Engineering; 2009 (ANSI/ASSE 1012). 
C. ASSE 1013 - Reduced Pressure Principle Backflow Preventers and Reduced Pressure Fire 

Protection Principle Backflow Preventers; American Society of Sanitary Engineering; 2011. 
D. ASSE 1019 - Vacuum Breaker Wall Hydrants, Freeze Resistant Automatic Draining Type; American 

Society of Sanitary Engineering; 2011 (ANSI/ASSE 1019). 
1.04 SUBMITTALS 

A. Product Data:  Provide component sizes, rough-in requirements, service sizes, and finishes. B. Shop 
Drawings:  Indicate dimensions, weights, and placement of openings and holes. 
C. Manufacturer's Instructions:  Indicate Manufacturer's Installation Instructions:  Indicate assembly and 

support requirements. 
D. Maintenance Data:  Include installation instructions, spare parts lists, exploded assembly views. 

1.05 QUALITY ASSURANCE 
A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in this 

section with not less than three years documented experience. 
1.06 DELIVERY, STORAGE, AND HANDLING 

A. Accept specialties on site in original factory packaging.  Inspect for damage. 
 

PART 2 PRODUCTS 
2.01 HYDRANTS 

A. Manufacturers: 
1. Woodford Manufacturing Company: 

http://www.woodfordmfg.com/woodford/definitions.html 
2. Jay R. Smith Manufacturing Company; Model    :  www.jayrsmith.com. 
3. Zurn Industries, Inc; Model    :  www.zurn.com. 

B. Wall Hydrants: 

http://www.woodfordmfg.com/woodford/definitions.html
http://www.jayrsmith.com/
http://www.zurn.com/
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1. ASSE 1019; freeze resistant, self-draining type with chrome plated wall plate hose thread spout, 
handwheel, and integral vacuum breaker. 

2.02 WASHING MACHINE BOXES AND VALVES  
A. Box Manufacturers: 

1. IPS Corporation/Water-Tite; Model    :  www.ipscorp.com. 
2. Or approved equal. 

 B. Valve Manufacturers: 
1. IPS Corporation/Water-Tite; Model    :  www.ipscorp.com. 
2. Or approved equal. 

C. Description:  Plastic preformed rough-in box with brass long shank valves with wheel handles, socket for 
2 inch waste, slip in finishing cover. 

2.03  BACKFLOW PREVENTERS 
 A. Manufacturers: 

1. Watts Regulator Company; Model    :  www.wattsregulator.com. 
2. Zurn Industries, Inc; Model    :  www.zurn.com. 
3. Or Equal 

B. Reduced Pressure Backflow Preventers: 
1. ASSE 1013; bronze body with bronze internal parts and stainless steel springs; two 

independently operating, spring loaded check valves; diaphragm type differential pressure relief 
valve located between check valves; third check valve that opens under back pressure in case of 
diaphragm failure; non-threaded vent outlet; assembled with two gate valves, strainer, and four 
test cocks. 

2.04 MIXING VALVES 
A. Pressure Balanced Thermostatic Mixing Valves: 

1. Manufacturers: 
a. Leonard Valve Company; Model   :  www.leonardvalve.com. 
 b. Calleffi Hydronic Solutions; www.caleffi.us 

2. Valve:  Chrome plated cast brass body, stainless steel or copper alloy bellows, integral 
temperature adjustment. 

3. Accessories: 
a. Check valve on inlets. 
b. Stem thermometer on outlet. 

 

PART 3 EXECUTION 
3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 
B. Extend cleanouts to finished floor or wall surface. Lubricate threaded cleanout plugs with mixture of 

graphite and linseed oil.  Ensure clearance at cleanout for rodding of drainage system. 
C. Encase exterior cleanouts in concrete flush with grade. 
D. Install floor cleanouts at elevation to accommodate finished floor. 
E. Install approved portable water protection devices on plumbing lines where contamination of domestic 

water may occur; fire sprinkler systems, irrigation systems, interior and exterior hose bibs. 
F. Pipe relief from backflow preventer to nearest drain. 

END OF SECTION 

http://www.ipscorp.com/
http://www.ipscorp.com/
http://www.wattsregulator.com/
http://www.zurn.com/
http://www.leonardvalve.com/
http://www.caleffi.us/
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SECTION 22 30 00 
PLUMBING EQUIPMENT 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Water heaters. 
B. Water storage tanks.  
C. Compression tanks.  
D. Pumps. 

1. Circulators. 
2. Sump Pumps. 
3. Cooling Condensate Removal Pumps.  

E. Water pressure booster system. 
1.02 RELATED REQUIREMENTS 

A. Section 220548 - Vibration and Seismic Controls for Plumbing Piping and Equipment.  
B. Section 262717 - Equipment Wiring:  Electrical characteristics and wiring connections. 

1.03 REFERENCE STANDARDS 
A. ASME (BPV VIII, 1) - Boiler and Pressure Vessel Code, Section VIII, Division 1 - Rules for 

Construction of Pressure Vessels; The American Society of Mechanical Engineers; 2010. 
B. UL 174 - Standard for Household Electric Storage Tank Water Heaters; Underwriters 

Laboratories Inc.; Current Edition, Including All Revisions. 
C. UL 778 - Standard for Motor-Operated Water Pumps; Current Edition, Including All 

Revisions. 
1.04 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittals procedures. 
B. Product Data: 

1. Provide dimension drawings of water heaters indicating components and connections to other 
equipment and piping. 

2. Provide electrical characteristics and connection requirements. 
C. Shop Drawings: 

1. Indicate heat exchanger dimensions, size of tappings, and performance data. 
2. Indicate dimensions of tanks, tank lining methods, anchors, attachments, lifting points, tappings, 

and drains. 
D. Operation and Maintenance Data:  Include operation, maintenance, and inspection data, replacement 

part numbers and availability, and service depot location and telephone number. 
E. Warranty:  Submit manufacturer warranty and ensure forms have been completed in Owner's name and 

registered with manufacturer. 
1.05 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. Identification:  Provide equipment with manufacturer's name, model number, and rating/capacity 
identified by permanently attached label. 
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C. Performance:  Ensure pumps operate at specified system fluid temperatures without vapor binding and 
cavitation, are non-overloading in parallel or individual operation, operate within 25 percent of 
midpoint of published maximum efficiency curve. 

1.06 CERTIFICATIONS 
A. Water Heaters:  NSF approved. 
B. Electric Water Heaters:  UL listed and labeled to UL 174 or UL 1453. 
C. Pressure Vessels for Heat Exchangers:  ASME labeled, to ASME (BPV VIII, 1). D. Water Tanks:  ASME 

labeled, to ASME (BPV VIII, 1) 
E. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories Inc., as 

suitable for the purpose specified and indicated. 
1.07 DELIVERY, STORAGE, AND HANDLING 

A. Provide temporary inlet and outlet caps.  Maintain caps in place until installation. 
1.08 WARRANTY 

A. See Section 017800 - Closeout Submittals, for additional warranty requirements. B.  
 Provide five year manufacturer warranty for domestic water heaters. 
 

PART 2 PRODUCTS 
2.01 WATER HEATER MANUFACTURERS 
  A. Bradford White 40 Gallon Electric Water Tank: www.bradfordwhite.com  

B. EcoSmart Eco11 Electric Tankless Water Heater: www.ecosmartus.com 
2.02 RESIDENTIAL ELECTRIC WATER HEATERS 

 

http://www.bradfordwhite.com/
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A. Type:  Automatic, electric, vertical storage. 
B. Performance: 

1. Storage capacity:  40 gal. 
2. First Hour Rating:  57 gal. 
3. Heating element size:  4.5 kW. 
4. Number of heating elements:  2. 
5. Minimum recovery rate:  19 gph with 100 degrees F temperature rise. 
6. Maximum working pressure:  150 psi.  
C. Electrical Characteristics: 

1. 240 volts, single phase. 
2. 30 amperes maximum fuse size. 

D. Tank:  Enamel lined welded steel, thermally insulated with two inches of non CFC foam insulation; 
encased in corrosion-resistant steel jacket; baked-on enamel finish. 

E. Controls:  Automatic water thermostat with externally adjustable temperature range from 120 to 170 
degrees F, flanged or screw-in nichrome elements, enclosed controls and electrical junction box .
 Unit to have (2) temperature sensors installed to be utilized by solar collector controller. 

F. Accessories:  Provide: 
1. Water Connections: Brass. 
2. Dip tube: Brass. 
3. Drain Valve. 
4. Anode: Magnesium 
5. Temperature and Pressure Relief Valve: ASME labelled. 

G. Solar Indirect Heat Exchanger:  Double Walled, 1.5" glass coated steel coil.  Minimum heat transfer area 
of 14 sq.ft.  Maximum supply temperature of 250 degrees F. 

2.03  DOMESTIC WATER STORAGE TANKS 
 A. Manufacturers: 

1. Norwesco Water Tanks:  www.watertanks.com. 
2. Or Approved Equal.. 

B. Tank:  Polyethylene storage tank for water only. 
C. Openings:  1 1/2" top inlet, 2" lower inlet for simple connections.  Tank to come with 16" manway and 

2" vent. 
D. Size: Two 1100 Gallon 

2.04  DIAPHRAGM-TYPE COMPRESSION TANKS 
 A. Manufacturers: 

1. Amtrol Inc; Model    :  www.amtrol.com. 
2. Taco, Inc; Model    :  www.taco-hvac.com. 
3. Or Equal 

B. Construction:  Welded steel, tested and stamped in accordance with ASME (BPV VIII, 1); supplied with 
National Board Form U-1, rated for working pressure of 125 psig, with flexible EPDM diaphragm sealed 
into tank, and steel legs or saddles. 

C. Accessories:  Pressure gauge and air-charging fitting, tank drain; precharge to 12 psig. 
2.05  DOMESTIC WATER SUPPLY PUMP  

A. Manufacturers: 
1. Grundfos;  www.grundfos.com. 

http://www.watertanks.com/
http://www.amtrol.com/
http://www.taco-hvac.com/
http://www.grundfos.com/
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2. Or Approved Equal. 
B. System shall consist of a self priming simplex pump with integral diaphram tank and larger external 

pressure tank and check valves. 
C. Controls and Instruments:  Pump shall have integral pressure and flow sensors and controller. The pump 

shall operate off of internal controls to maintain system pressure. 
D. Over Heating Control:  Pump shall stop when temperature levels are elevated.  Pump will restart every 

30 minutes. 
E. Pump Switch:  Permit on/off operation. 
 F. Performance: 

1. Flow:  12 gpm, at 70 feet head. 
2. Electrical Characteristics: 

a. 120 volts, single phase, 60 Hz, 7.2 minimum circuit ampacity. 
2.06 SUMP PUMPS 
A. Manufacturers: 
 

1. Armstrong Pumps Inc; Model    :  www.armstrongpumps.com. 
2. Goulds Pumps; Model    :  www.goulds.com. 
3. Zoeller Pump Company; Model    :  www.zoeller.com. 
4. Liberty Pumps. www.libertypumps.com 

B. Type:  Vertical centrifugal, direct connected, simplex arrangement. 
C. Controls (Simplex):  Float switch with float rod, stops, and corrosion resistant float, and separate 

pressure switch high level alarm with transformer, alarm bell and stand-pipe. 
D. Packaged system with pump, basin, controls, and electrical connections to plug in.  
E. Performance: 

1. Flow:  25 gal/min, at 15 feet lift. 
2. Motor:  1/3-4/10 hp, 120 volt, single phase, 60 Hz. 

2.07  COOLING CONDENSATE REMOVAL PUMPS  
A. Safety: UL 778. 
B. Performance: 

1. Flow:  3 gpm, at 20 feet head. 
2. Electrical Characteristics: 

a. 1/30 hp. 
 

PART 3 EXECUTION 
3.01 INSTALLATION 

A. Install plumbing equipment in accordance with manufacturer's instructions, as required by code, and 
complying with conditions of certification, if any. 

B. Domestic Water Heater/Solar Water Heat Exchanger: 
1. Support unit on Pad.  Provide seismic support strapping at the units 1/3 and 2/3 elevation to 

support the unit against a horizontal force in any direction equal to 1/3 of the units operating 
weight. 

2. Pipe relief valves and drains to nearest drain location (can be waste line piped per code).  
C. Domestic Water Storage Tanks: 

1. Provide steel pipe support, independent of building structural framing members. 
2. Clean and flush prior to delivery to site. Seal until pipe connections are made.  

http://www.armstrongpumps.com/
http://www.goulds.com/
http://www.zoeller.com/
http://www.libertypumps.com/
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D. Pumps: 
1. Provide air cock and drain connection on horizontal pump casings. 
2. Ensure pumps operate at specified system fluid temperatures without vapor binding and 

cavitation, are non-overloading in parallel or individual operation, and operate within 25 
percent of midpoint of published maximum efficiency curve. 

3. Provide electrical interlocking from cooling condensate pump safety switch to associated HVAC 
unit(s) furnished under other Sections. 

 
 

END OF SECTION
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SECTION 22 40 00 
PLUMBING FIXTURES 

 

PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Water closets. 
B. Lavatories.  
C. Sinks. 
D. Showers. 

1.02 RELATED REQUIREMENTS 
A. Section 079005 - Joint Sealers:  Seal fixtures to walls and floors.  
B. Section 221006 - Plumbing Piping Specialties. 
C. Section 223000 - Plumbing Equipment. 
D. Section 262717 - Equipment Wiring:  Electrical characteristics and wiring connections. 

1.03 REFERENCE STANDARDS  
A. ASME A112.6.1M - Supports for Off-the-Floor Plumbing Fixtures for Public Use; The 

American Society of Mechanical Engineers; 1997 (Reaffirmed 2002). 
B. ASME A112.18.1 - Plumbing Supply Fittings; The American Society of Mechanical 

Engineers; 2011. 
C. ASME A112.19.1M - Enameled Cast Iron Plumbing Fixtures; The American Society of 

Mechanical Engineers; 2008 (R2011). 
D. ASME A112.19.2 - Vitreous China Plumbing Fixtures and Hydraulic Requirements for Water 

Closets and Urinals; The American Society of Mechanical Engineers; 2008. 
E. ASME A112.19.3 - Stainless Steel Plumbing Fixtures (Designed for Residential Use); The 

American Society of Mechanical Engineers; 2008. 
F. ASME A112.19.4M - Porcelain Enameled Formed Steel Plumbing Fixtures; The American 

Society of Mechanical Engineers; 1994 (R2004). 
G. ASME A112.19.5 - Trim for Water-Closet Bowls, Tanks and Urinals; The American Society of Mechanical 

Engineers; 2011. 
H. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 2012. 
I. ISSFA-2 - Classification and Standards for Solid Surfacing Material; International Solid 

Surface Fabricators Association; 2001 (2007) 
1.04 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide catalog illustrations of fixtures, sizes, rough-in dimensions, utility sizes, trim, and 

finishes. 
C. Manufacturer's Instructions:  Indicate installation methods and procedures. 
D. Maintenance Data:  Include fixture trim exploded view and replacement parts lists. 
E. Warranty:  Submit manufacturer warranty and ensure forms have been completed in Owner's name and 

registered with manufacturer. 
1.05 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products specified in 
this section, with minimum three years of documented experience. 
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1.06 REGULATORY REQUIREMENTS 
A. Complete potable water installation shall be in accordance with Vermont Act 193, which mandates a 

maximum weighted average lead content to 0.25 percent.  This shall apply to pipes, fittings, fixtures, 
valves and other products that come in contact with drinking water 

B. Regulatory Requirements:  Comply with requirements in U.S. Architectural & Transportation Barriers 
Compliance Board's "Uniform Federal Accessibility Standards (UFAS), 1985-494-187" about plumbing 
fixtures for people with disabilities 

C. Regulatory Requirements:  Comply with requirements in ICC A117.1, "Accessible and Usable Buildings 
and Facilities"; Public Law 90-480, "Architectural Barriers Act"; and Public Law 101-336, "Americans with 
Disabilities Act"; about plumbing fixtures for people with disabilities 

D. Regulatory Requirements:  Comply with requirements in Public Law 102-486, "Energy Policy Act," about 
water flow and consumption rates for plumbing fixtures 

E. NSF Standard:  Comply with NSF 61, "Drinking Water System Components--Health Effects," for fixture 
materials that will be in contact with potable water 

F. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories Inc., as 
suitable for the purpose specified and indicated. 

1.07 DELIVERY, STORAGE, AND HANDLING 
A. Accept fixtures on site in factory packaging.  Inspect for damage. 
B. Protect installed fixtures from damage by securing areas and by leaving factory packaging in place to 

protect fixtures and prevent use. 
1.08 WARRANTY 

A. See Section 017800 - Closeout Submittals, for additional warranty requirements. 
 

PART 2 PRODUCTS 
2.01 TANK TYPE WATER CLOSETS 

A. Tank Type Water Closet Manufacturers: 
1. Niagara Conservation. http://www.niagaraconservation.com 
2. Or Approved Equal. 

B. Bowl:  ASME A112.19.2; floor mounted, vitreous china reverse trap, close-coupled closet combination 
with regular rim, insulated vitreous china closet tank with fittings and lever flushing valve, bolt caps. 
1. Water Cosumption:  Maximum 0.8 Gallons per flush. 

http://www.niagaraconservation.com/
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2.02 LAVATORIES 

A. Lavatory Manufacturers: 

1. American Standard, Inc:  www.americanstandard-us.com. 

2. Kohler Company; Model    :  www.kohler.com. 

http://www.americanstandard-us.com/
http://www.kohler.com/
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3. Or Approved Equal. 

B. Vitreous China Counter Top Basin:  ASME A112.19.2; vitreous china self-rimming counter top lavatory, 

[16.5 inch diameter] with front overflow, seal of putty, calking, or concealed vinyl gasket. 

C. Supply Faucet Manufacturers: 

1. American Standard, Inc; SERIN Monoblock Faucet:  www.americanstandard-us.com. 

2. Kohler Company; Model    :  www.kohler.com. 

3. Moen. Moen.com 

4. Or Approved Equal. 

D. Supply Faucet:  ASME A112.18.1; chrome plated brass construction with one piece self contained 

ceramic disc valve allowing for both volume and temperature control.  Touch activated pop-up waste, 

drain with tail-piece and overflow. Water economy maximum flow of 1.5 GPM, single lever handle. E.

 Accessories: 

1. Chrome plated 17 gauge brass P-trap with clean-out plug and arm with escutcheon. 

2. Rigid supplies. 

2.03 SINKS 

A. Sink Manufacturers: 

1. American Standard, Inc; Model    :  www.americanstandard-us.com. 

2. Kohler Company; Model    :  www.kohler.com. 

3. Or Approved Equal.. 

B. Single Compartment Bowl:  ASME A112.19.3; 29 3/4 by 24 5/16 by 9 5/16 inch outside dimensions 18 

gauge thick, Type 304 stainless steel, self rimming and undercoated, with ledge back drilled for trim.  

http://www.americanstandard-us.com./
http://www.kohler.com/
http://www.americanstandard-us.com/
http://www.kohler.com/
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1. Drain:  1-1/2 inch chromed brass drain with with strainer. 
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2.04  SHOWERS 

 A. Tiled in Shower 
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PART 3 EXECUTION 

3.01 EXAMINATION 

A. Verify that walls and floor finishes are prepared and ready for installation of fixtures. 

B. Confirm that millwork is constructed with adequate provision for the installation of counter top 

lavatories and sinks. 

3.02 PREPARATION 

A. Rough-in fixture piping connections in accordance with minimum sizes indicated in fixture rough-in 

schedule for particular fixtures. 

3.03 INSTALLATION 

A. Install each fixture with trap, easily removable for servicing and cleaning. 

B. Provide chrome plated rigid or flexible supplies to fixtures with loose key stops, reducers, and 

escutcheons. 

C. Install components level and plumb. 

D. Install and secure fixtures in place with wall supports and bolts where applicable. 

E. Seal fixtures to wall and floor surfaces with sealant as specified in Section 079005, color to match 

fixture. 

F. Solidly attach water closets to floor with lag screws.   Lead flashing is not intended to hold fixture in 

place. 

3.04 INTERFACE WITH WORK OF OTHER SECTIONS 

A. Review millwork shop drawings.  Confirm location and size of fixtures and openings before rough-in and 

installation. 

3.05 ADJUSTING 

A. Adjust stops or valves for intended water flow rate to fixtures without splashing, noise, or overflow. 

3.06 CLEANING 

A. Clean plumbing fixtures and equipment. 

3.07 PROTECTION 

A. Protect installed products from damage due to subsequent construction operations. 

B. Do not permit use of fixtures by construction personnel. 

C. Repair or replace damaged products before Date of Substantial Completion. 
 

 

END OF SECTION
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SECTION 23 05 00 
MECHANICAL GENERAL PROVISIONS 

 

PART 1 GENERAL 
1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 

1.02 SUMMARY 
A. This Section includes Contract requirements and the following basic mechanical materials and methods 

to complement other Division 21, 22 and 23 Sections. 
1. Piping materials and installation instructions common to most piping systems. 
2. Transition fittings. 
3. Concrete base construction requirements. 
4. Escutcheons. 
5. Dielectric fittings. 
6. Flexible connectors. 
7. Mechanical sleeve seals. 
8. Equipment nameplate data requirements. 
9. Labeling and identifying mechanical systems and equipment is specified in Division 23 Section 

"Mechanical Identification." 
10.   Nonshrink grout for equipment installations. 
11.   Field-fabricated metal and wood equipment supports. 
12.   Installation requirements common to equipment specification sections. 
13.   Cutting and patching. 
14.   Touchup painting and finishing. 

B. Pipe and pipe fitting materials are specified in Division 21, 22, and 23 piping system Sections. 
1.03 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and 
duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawl 
spaces, and tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces and 
mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors, or subject to outdoor ambient temperatures 
and weather conditions. Examples include rooftop location 

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by building 
occupants.  Examples include above ceilings and in duct shafts. 

E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions and 
physical contact by building occupants, but subject to outdoor ambient temperatures. Examples include 
installations within unheated shelters. 

F. The use of the word “Provide”: Whenever the word “Provide” is used in the specifications and/or on the 
drawings, it shall mean “furnish and install”, “connect”, “apply”, “erect”, “construct”, or similar terms, 
unless otherwise indicated. 
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G. The use of the word “Piping”: “Piping” shall include but not be limited to, in addition to piping or mains, 
all fittings, flanges, unions, valves, strainers, drains, traps, insulation, vents, hangers and other 
accessories relative to such piping. 

H. The use of the word “Material”: Whenever the word material is used in the specifications and/or on the 
drawings, it shall mean any “product”, “equipment”, “device”, “assembly”, or “item” required under the 
contract, as indicated by trade or brand name, manufacturer’s name, standard specification reference 
or other description. 

I. The term “Mechanical Contractor”, “HVAC Contractor”, “Plumbing Contractor” or “Contractor” refer to 
the Sub Contractor or his Sub Contractors responsible for the furnishing and installation of all work 
indicated on the Mechanical, HVAC, and/or Plumbing drawings and in the Mechanical, HVAC, and/or 
Plumbing Specifications. 

J. The term “Accessible” indicates ease of access with or without the use of ladders and without requiring 
extensive removal of other equipment, such as ductwork, piping, conduit, etc to gain access.  “accessible 
ceiling” indicates acoustical tile type hung ceilings.  Concealed spline or sheetrock ceilings with access 
panes shall not be considered accessible ceilings. 

K. The following are industry abbreviations for plastic materials: 
1. ABS:  Acrylonitrile-butadiene-styrene plastic. 
2. CPVC:  Chlorinated polyvinyl chloride plastic. 
3. NP:  Nylon plastic. 
4. PE:  Polyethylene plastic. 
5. PVC:  Polyvinyl chloride plastic. 

L. The following are industry abbreviations for rubber materials: 
1. CR:  Chlorosulfonated polyethylene synthetic rubber. 
2. EPDM:  Ethylene propylene diene terpolymer rubber. 

1.04 CODES, STANDARDS, REFERENCES, AND PERMITS 
A. All material and workmanship shall comply with all the latest editions of all applicable Codes, 

Specifications, Local and State Ordinances, Industry Standards and Utility Company Regulations. 
B. In case of differences between the Building Codes, State Law, Local Ordinances, Industry Standards and 

Utility Company Regulations and the Contract Documents, the contractor shall promptly notify the 
Engineer in writing of any such difference. 

C. In case of conflict between the Contract Documents and the requirements of any Code or Authorities 
having jurisdiction, the most stringent requirements of the aforementioned shall govern for budgetary 
and bid purposes. However, no work will proceed until the Engineer determines the correct method of 
installation. 

D. Should the contractor perform any work that does not comply with the requirements of the applicable 
Building Codes, State Laws, Local Ordinances, Industry Standards and Utility Company Regulations, the 
contractor shall bear all costs arising in correcting the deficiencies, as approved by the Engineer. 

1.05 SUBMITTALS 
A. Product Data:  For the following: 

1. Transition fittings. 
2. Dielectric fittings. 
3. Mechanical sleeve seals. 
4. Escutcheons. 

B. Welding certificates. 
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C. Shop Drawings:  Detail fabrication and installation for metal and wood supports and anchorage for 
mechanical materials and equipment. 

D. Samples:  Of color, lettering style, and other graphic representation required for each identification 
material and device. 

1.06 QUALITY ASSURANCE 
A. Comply with ASME A13.1 for lettering size, length of color field, colors, and viewing angles of 

identification devices. 
B. Equipment Selection:  Equipment of higher electrical characteristics, physical dimensions, capacities, 

and ratings may be furnished provided such proposed equipment is approved in writing and connecting 
mechanical and electrical services, circuit breakers, conduit, motors, bases, and equipment spaces are 
increased.  Additional costs shall be approved in advance by appropriate Contract Modification for these 
increases. If minimum energy ratings or efficiencies of equipment are specified, equipment must meet 
design and commissioning requirements. 

1.07 SYSTEM DESCRIPTION 
A. Furnish and install all materials in order to provide functioning systems, upon completion, in compliance 

with all applicable codes, authorities having jurisdiction, manufacturer’s requirements, performance 
requirements specified, and any modifications resulting from reviewed shop drawings and the field 
coordination drawings. 

1.08 SCOPE OF WORK 
A. The contractor is responsible for furnishing and installing all the devices and equipment shown 

indicated the Mechanical Drawings including materials and equipment required to create fully 
operational systems. 

B. The contractor shall be responsible for reviewing the Architectural, Electrical, and Fire Protection Plans. 
In addition to all mechanical equipment, plumbing fixtures, and mechanical devices indicated on the 
Mechanical Plans, the contractor is responsible for mechanical installation of all the equipment and 
devices shown on the Architectural Plans and the Electrical Plans. 

C. The contractor shall be responsible for reviewing the Architectural, Electrical, and Fire Protection Plans. 
Prior to bid, the contractor shall notify the Engineer of any discrepancies between the Architectural, 
Electrical, Mechanical, and Fire Protection Plans regarding equipment locations, equipment quantities, 
piping and duct work routing, device locations, light locations, chase locations, etc. otherwise it will be 
assumed the contractor is responsible for mechanical installation of all the equipment and devices 
shown on the Architectural Plans, Mechanical Plans, Plumbing Plans, Fire Protection Plans and the 
Electrical Plans regardless of whether they are indicated on the Mechanical Plans. 

1.09 DRAWING INTERPRETATION 
A. The project drawings are schematic in nature and indicate general arrangement of equipment. It is not 

the intent of the drawings to substitute for shop drawings.  In many instances, equipment and devices 
are sized on one manufacturer’s product.  In the event of a field verification or coordination issue, 
report issue to Owners construction supervisor. 

B. Piping and air duct plans are intended to show size, capacity, approximate location, direction and 
general relationship of one work phase to another, but not exact detail or arrangement. The drawings 
do not necessarily indicate all required offsets, details and accessories and equipment to be connected 
or encountered in the way of new work. 

C. Generally, layout pipelines requiring drainage first, followed by large pipe mains, air duct and electrical 
conduit.  Follow this procedure for an orderly installation but not to establish precedence of one trade 
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over another.  It must be understood that pipe and duct hanger installations must comply with seismic 
bracing requirements.  Minimizing hanger lengths (structure to equipment and crossbars) to 12” and 
under minimizes the requirement for seismic bracing. 

D.    Install work as closely as possible to layouts shown on drawings.  Modify work as necessary to meet job 
conditions and to clear other equipment.  Offsets, transitions and changes of direction in all systems 
shall be made as required to maintain proper headroom and pitch of sloping lines, to avoid existing field 
conditions as well as to maintain clearances to equipment whether or not indicated on the drawings.  
The contractor shall provide all drains, traps and accessories as required for his work to effect these 
offsets, transitions and changes in direction.  Consult Design Professional before making changes that 
effect the function or appearance of systems.  

E. Do not install equipment, air ducting or piping in a non-code compliant fashion due to drawing 
interpretation.  Provide modification of illustrated work in order to accommodate job conditions at no 
cost to Owner. 

F. In some cases, drawings are based on products of one or several manufacturers, as listed on the 
contract documents.  The contractor shall be held responsible for modifications made necessary by 
substitution of products or other manufacturers. 

1.10  DELIVERY, STORAGE, AND HANDLING 
A. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping, storage, 

and handling to prevent pipe end damage and prevent entrance of dirt, debris, and moisture. 
B. Protect stored pipes and tubes from moisture and dirt.  Elevate above grade. Do not exceed structural 

capacity of floor, if stored inside. 
C. Protect flanges, fittings, and piping specialties from moisture and dirt. 
D. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending. 

1.11  COORDINATION 
A. Do not install any part of a system until all critical components of the systems and related systems have 

been approved.  Coordinate individual parts of systems. 
B. Coordinate contract work with other work specified in other sections.  Relocate work if required for 

proper installation and functioning of other systems, at no extra cost to the Owner. 
C. Install products in accordance with manufacturer’s instructions.  Notify Design Professional if Contract 

Documents conflict with manufacturer’s instructions.  Comply with Design Professional’s 
interpretations, 

D. In general, air duct, heating and sprinkler piping, and drainage lines take precedence over water, gas, 
and electrical conduits.  The design professional will final decisions regarding the arrangement of work, 
which cannot be agreed upon by the contractors. 

1.12  SEQUENCING AND SCHEDULING 
A. Coordinate mechanical equipment installation with other building components. 
B. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of construction 

to allow for mechanical installations. 
C. Coordinate installation of required supporting devices and set sleeves in poured-in-place concrete and 

other structural components, as they are constructed. 
D.    Sequence, coordinate, and integrate installations of mechanical materials and equipment for efficient 

flow of the work.  Coordinate installation of large equipment requiring positioning before closing in 
building. 
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E. Coordinate connection of mechanical systems with exterior underground and overhead utilities and 
services.  Comply with requirements of governing regulations, franchised service companies, and 
controlling agencies. 

F. Coordinate requirements for access panels and doors if mechanical items requiring access are concealed 
behind finished surfaces. Access panels and doors are specified in Division 8 Section "Access Doors." 

G. Coordinate installation of identifying devices after completing covering and painting, if devices are 
applied to surfaces. Install identifying devices before installing acoustical ceilings and similar 
concealment. 

1.13  “AS-BUILT” RECORD DRAWINGS 
A. Record daily progress on one set of construction documents.  Utilize a permanent black or blue marking 

media. All progress of record drawings shall be provided in a neat and accurate fashion. 
B. As-built drawing reviews will be completed on a monthly basis by the engineer of record. 

Release of requisitions will be based on the regular progress of As-built drawings.  The latest As-built 
drawings shall be submitted for review with each requisition for payment. 

C. Formal As-built drawings shall be submitted for review at the completion of each phase of the work.  
The as-built drawings shall be ¼” scale and created in electronic format utilizing both AUTOCAD Release 
2004.  At the completion of each phase of work, the mechanical contractor shall submit to the Engineer 
the original field progress as-built drawings, the electronic files of the formal as-built drawings, and four 
sets of final as-built drawings plotted on 24” x 36” ‘D’ sized sheets.  Final payment for the phase of work 
and the start of the next phase shall be dependent of approval of the as-built drawings. 

1.14  GUARANTEE 
A. Provide written guarantee of all completed/installed work.  Materials, equipment and workmanship 

shall be guaranteed for a minimum period of one year after Owners acceptance of work.  Any failure 
due to defective material, equipment or workmanship shall be corrected at no additional cost to owner. 
This shall include damage completed to other areas of construction or facility resulting from this failure.  
Provide correction of any failure within an acceptable/reasonable time period. 

B. Provide all equipment and material manufacturers guarantees and/or warranties to owner after 
acceptance of installation. 

1.15  OPERATING AND MAINTENANCE MANUALS 
A. Provide operating and maintenance information for all equipment, devices, systems, and materials. This 

shall include all maintenance and operations procedures, recommendations, and service requirements. 
All submitted data must include minimum equipment/device operations and maintenance requirements 
to fulfill manufacturers warrantees.  

B. Submit all engineering selection and specification documentation with operating and maintenance 
information for all equipment, devices, systems, and materials. 

C. Submit all data media in a detailed, organized, and complete manner.  Provide a minimum of three 
copies to Owners construction supervisor for engineer/architect review.  Submit in 3 ring bound 
enclosure. 

 

PART 2 PRODUCTS 
2.01 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 
1. Dielectric Flanges: 

a. Capitol Manufacturing Co. 
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b. Central Plastics Co. 
c. Epco Sales Inc. 
d. Watts Industries, Inc.; Water Products Div. 

2. Dielectric-Flange Insulating Kits: 
a. Calpico, Inc. 
b. Central Plastics Co. 

3. Dielectric Couplings: 
a. Calpico, Inc. 
b. Lochinvar Corp. 

4. Dielectric Nipples: 
a. Grinnell Corp.; Grinnell Supply Sales Co. 
b. Perfection Corp. 
c. Victaulic Co. of America. 

5. Metal, Flexible Connectors: 
a. ANAMET Industrial, Inc. 
 b. Flexicraft Industries. 
c. Mercer Rubber Co.  
d. Uniflex, Inc. 

6. Rubber, Flexible Connectors: 
a. General Rubber Corp. 
b. Mercer Rubber Co. 
c. Proco Products, Inc. d. Uniflex, Inc. 

7. Mechanical Sleeve Seals: 
a. Calpico, Inc. 
b. Metraflex Co. 
c. Thunderline/Link-Seal. 

2.02 PIPE AND PIPE FITTINGS 
A. Refer to individual Division 21, 22, and 23 piping Sections for pipe and fitting materials and joining 

methods. 
2.03 JOINING MATERIALS 

A. Refer to individual Division 21, 22, and 23 piping Sections for special joining materials not listed below. 
B. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents. 

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch maximum thickness unless thickness or 
specific material is indicated. 
a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges. b.
 Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

2. AWWA C110, rubber, flat face, 1/8 inch thick, unless otherwise indicated; and full-face or ring 
type, unless otherwise indicated. 

C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 
D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system 

manufacturer, unless otherwise indicated. 
E. Solder Filler Metals:  ASTM B 32, lead-free alloys. Include water-flushable flux according to 

ASTM B 813. 
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F. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty brazing, unless 
otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, unless otherwise indicated. 

G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall thickness 
and chemical analysis of steel pipe being welded. 

H. Solvent Cements for Joining Plastic Piping: 
1. ABS Piping:  ASTM D 2235.  
2. CPVC Piping:  ASTM F 493. 
3. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656. 
4. PVC to ABS Piping Transition:  ASTM D 3138. 

I. Fiberglass Pipe Adhesive:  As furnished or recommended by pipe manufacturer. 
2.04 TRANSITION FITTINGS 

A. AWWA Transition Couplings:  Same size as, and with pressure rating at least equal to and with ends 
compatible with, piping to be joined. 
1. Underground Piping NPS 1-1/2 and Smaller:  Manufactured fitting or coupling. 
2. Underground Piping NPS 2 and Larger:  AWWA C219, metal sleeve-type coupling. 
3. Aboveground Pressure Piping:  Pipe fitting. 

B. Plastic-to-Metal Transition Fittings:  CPVC and PVC one-piece fitting with manufacturer's 
Schedule 80 equivalent dimensions; one end with threaded brass insert, and one solvent

 cement-joint end. 
1. Manufacturers: 

a. Eslon Thermoplastics. 
C. Plastic-to-Metal Transition Adaptors:  One-piece fitting with manufacturer's SDR 11 equivalent 

dimensions; one end with threaded brass insert, and one solvent-cement-joint end. 
1. Manufacturers: 

a. Thompson Plastics, Inc. 
D. Plastic-to-Metal Transition Unions:  MSS SP-107, CPVC and PVC four-part union.  Include brass end, 

solvent-cement-joint end, rubber O-ring, and union nut. 
  1. Manufacturers: 

a. NIBCO INC. 
b. NIBCO, Inc.; Chemtrol Div. 

E. Flexible Transition Couplings for Underground Nonpressure Drainage Piping:  ASTM C 1173 with 
elastomeric sleeve, ends same size as piping to be joined, and corrosion-resistant metal band on each 
end. 
1. Manufacturers: 

a. Cascade Waterworks Mfg. Co. 
 b. Fernco, Inc. 
c. Mission Rubber Company. d. Plastic Oddities, Inc. 

2.05 DIELECTRIC FITTINGS 
A. General:  Assembly or fitting with insulating material isolating joined dissimilar metals, to prevent 

galvanic action and stop corrosion. 
B. Description:  Combination of copper alloy and ferrous; threaded, solder, plain, and weld-neck end types 

and matching piping system materials. 
C. Insulating Material:  Suitable for system fluid, pressure, and temperature. 
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D. Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig minimum 
working pressure as required to suit system pressures. 

E. Dielectric-Flange Insulation Kits:  Field-assembled, companion-flange assembly, full-face or ring type.  
Components include neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic 
washers, and steel backing washers. 
1. Provide separate companion flanges and steel bolts and nuts for 150- or 300-psig minimum 

working pressure as required to suit system pressures. 
F. Dielectric Couplings:  Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining; 

threaded ends; and 300-psig minimum working pressure at 225 deg F. 
G. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, 

threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F 
2.06 FLEXIBLE CONNECTORS 

A. General:  Fabricated from materials suitable for system fluid and that will provide flexible pipe 
connections. Include 250-psig minimum working-pressure rating, unless higher working pressure is 
indicated, and ends according to the following: 
1. 2-Inch NPS and Smaller:  Threaded. 
2. 2-1/2-Inch NPS and Larger:  Flanged. 
3. Option for 2-1/2-Inch NPS and Larger:  Grooved for use with keyed couplings. 

B. Bronze-Hose, Flexible Connectors:  Corrugated, bronze, inner tubing covered with bronze wire braid.  
Include copper-tube ends or bronze flanged ends, braze welded to hose. 

C. Stainless-Steel-Hose/Steel Pipe, Flexible Connectors:  Corrugated, stainless-steel, inner tubing covered 
with stainless-steel wire braid.  Include steel nipples or flanges, welded to hose. 

D. Stainless-Steel-Hose/Stainless-Steel Pipe, Flexible Connectors:  Corrugated, stainless-steel, inner tubing 
covered with stainless-steel wire braid.  Include stainless-steel nipples or flanges, welded to hose. 

E. Rubber, Flexible Connectors:  CR or EPDM elastomer rubber construction, with multiple plies of NP 
fabric, molded and cured in hydraulic presses. Include 125-psig minimum working-pressure rating at 
220 deg F.  Units may be straight or elbow type, unless otherwise indicated. 

2.07 SLEEVES 
A. Galvanized-Steel Sheet:  0.0239-inch minimum thickness; round tube closed with welded longitudinal 

joint. 
B. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends. 
C. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends and 

integral waterstop, unless otherwise indicated. 
D. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange. Include clamping 

ring and bolts and nuts for membrane flashing. 
1. Underdeck Clamp:  Clamping ring with set screws. 

E. Molded PVC:  Permanent, with nailing flange for attaching to wooden forms. F. PVC Pipe:  ASTM D 
1785, Schedule 40. 

G. Molded PE:  Reusable, PE, tapered-cup shaped, and smooth-outer surface with nailing flange for 
attaching to wooden forms. 

2.08 PIPING SPECIALTIES 
A. Sleeves:  The following materials are for wall, floor, slab, and roof penetrations: 

1. Steel Sheet Metal:  0.0239-inch minimum thickness, galvanized, round tube closed with welded 
longitudinal joint. 
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2. Steel Pipe:  ASTM A 53, Type E, Grade A, Schedule 40, galvanized, plain ends. 
3. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends 

and integral waterstop, unless otherwise indicated. 
4. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange. Include 

clamping ring and bolts and nuts for membrane flashing.  
a. Underdeck Clamp:  Clamping ring with set screws. 

B. Escutcheons:  Manufactured wall, ceiling, and floor plates; deep-pattern type if required to conceal 
protruding fittings and sleeves. 
1. ID:  Closely fit around pipe, tube, and insulation of insulated piping. 
2. OD:  Completely cover opening. 
3. Cast Brass:  Split casting, with concealed hinge and set screw.  

a. Finish:  Rough brass. 
b. Finish:  Polished chrome-plate. 

2.09 GROUT 
A. Nonshrink, Nonmetallic Grout:  ASTM C 1107, Grade B. 

1. Characteristics:  Post-hardening, volume-adjusting, dry, hydraulic-cement grout, nonstaining, 
noncorrosive, nongaseous, and recommended for interior and exterior applications. 

2. Design Mix:  5000-psig, 28-day compressive strength. 
3. Packaging:  Premixed and factory packaged. 

 

PART 3 EXECUTION 
3.01 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. Install piping according to the following requirements and Division 21, 22, and 23 Sections specifying 
piping systems. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. 
Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, 
pump sizing, and other design considerations.  Install piping as indicated unless deviations to layout are 
approved on Coordination Drawings. 

C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and 
service areas. 

D.  Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles 
or parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise. 

E. Install piping exposed at ceiling level or below building as indicated on the drawings.  Ensure access to 
fittings is provided. 

F. Install piping to permit valve servicing.  
G. Install piping at indicated slopes. 
H. Install piping free of sags and bends. 
I. Install fittings for changes in direction and branch connections. 
 J. Install piping to allow application of insulation. 
K. Select system components with pressure rating equal to or greater than system operating pressure. 
L. Install escutcheons for penetrations of walls, ceilings, and floors according to the following: 

1. New Piping: 
a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-pattern type. 
b. Chrome-Plated Piping:  One-piece, cast-brass type with polished chrome-plated finish. 
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c. Insulated Piping:  One-piece, stamped-steel type with spring clips. 
d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, cast-brass 

type with polished chrome-plated finish. 
e. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-casting, cast-brass type with 

polished chrome-plated finish. 
f. Bare Piping in Unfinished Service Spaces:  One-piece, cast-brass type with polished 

chrome-plated finish. 
g. Bare Piping in Equipment Rooms:  One-piece, cast-brass type. 
h. Bare Piping at Floor Penetrations in Equipment Rooms:  One-piece, floor-plate type.  

M.    Sleeves are not required for core-drilled holes with smooth concrete bore. 
N. Permanent sleeves are not required for holes formed by removable PE sleeves. 
O. Install sleeves for pipes passing through concrete and masonry walls and concrete floor and roof slabs. 
P. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and 

concrete floor and roof slabs. 
1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception:  Extend sleeves installed in floors of mechanical equipment areas or other 
wet areas 2 inches above finished floor level.  Extend cast-iron sleeve fittings below 
floor slab as required to secure clamping ring if ring is specified. 

2. Install sleeves in new walls and slabs as new walls and slabs are constructed. 
3. Install sleeves that are large enough to provide 1/4-inch annular clear space between sleeve and 

pipe or pipe insulation.  Use the following sleeve materials: 
a. Steel Pipe Sleeves:  For pipes smaller than NPS 6. 
b. Steel Sheet Sleeves:  For pipes NPS 6 and larger, penetrating gypsum-board partitions. 
c. Stack Sleeve Fittings:  For pipes penetrating floors with membrane waterproofing. 

Secure flashing between clamping flanges.  Install section of cast-iron soil pipe to extend 
sleeve to 2 inches above finished floor level.  Refer to Division 7 Section "Sheet Metal 
Flashing and Trim" for flashing. 

d. Seal space outside of sleeve fittings with grout. 
4. Except for underground wall penetrations, seal annular space between sleeve and pipe or pipe 

insulation, using joint sealants appropriate for size, depth, and location of joint. Refer to 
Division 7 Section "Joint Sealants" for materials and installation. 

Q. Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using sleeves and mechanical sleeve 
seals.  Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing 
mechanical sleeve seals. 
1. Install steel pipe for sleeves smaller than 6 inches in diameter. 
2. Install cast-iron "wall pipes" for sleeves 6 inches and larger in diameter. 
3.      Mechanical Sleeve Seal Installation:  Select type and number of sealing elements required for 

pipe material and size. Position pipe in center of sleeve. Assemble mechanical sleeve seals and 
install in annular space between pipe and sleeve. Tighten bolts against pressure plates that 
cause sealing elements to expand and make watertight seal. 

R. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe 
penetrations.  Seal pipe penetrations with firestop materials.  Refer to Division 7 Section "Through-
Penetration Firestop Systems" for materials.  

S. Verify final equipment locations for roughing-in. 
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T. Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements. 
3.02 PIPING JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 21, 22, and 23 Sections 
specifying piping systems. 

B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 
C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly. 
D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end.  

Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder 
alloy complying with ASTM B 32. 

E. Brazed Joints:  Construct joints according to AWS's "Brazing Ha ndbook," "Pipe and Tube" Chapter, 
using copper-phosphorus brazing filler metal complying with AWS A5.8. 

F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full 
and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID. Join pipe 
fittings and valves as follows: 
1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading 

is specified. 
2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  

Do not use pipe sections that have cracked or open welds. 
G. Welded Joints:  Construct joints according to AWS D10.12, using qualified processes and welding 

operators according to Part 1 "Quality Assurance" Article. 
H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  

Install gasket concentrically positioned.  Use suitable lubricants on bolt threads. 
3.03 PIPING CONNECTIONS 

A. Make connections according to the following, unless otherwise indicated: 
1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final connection to 

each piece of equipment. 
2. Install flanges, in piping NPS 2-1/2 and larger, adjacent to flanged valves and at final connection 

to each piece of equipment. 
3. Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping materials of 

dissimilar metals. 
3.04 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to allow maximum possible headroom unless specific mounting heights are not 
indicated. 

B. Install equipment level and plumb, parallel and perpendicular to other building systems and 
components in exposed interior spaces, unless otherwise indicated. 

C. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of 
components.  Connect equipment for ease of disconnecting, with minimum interference to other 
installations.  Extend grease fittings to accessible locations. 

D. Install equipment to allow right of way for piping installed at required slope. 
E. Install equipment according to approved submittal data.  Portions of the Work are shown only in 

diagrammatic form.  Refer conflicts to Architect. 
F. Install equipment level and plumb, parallel and perpendicular to other building systems and 

components in exposed interior spaces, unless otherwise indicated. 
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G. Install flexible connectors on equipment side of shutoff valves, horizontally and parallel to equipment 
shafts if possible. 

3.05 PAINTING AND FINISHING 
A. Apply paint to exposed piping according to the following, unless otherwise indicated: 

1. Interior, Ferrous Piping:  Use semigloss, acrylic-enamel finish.  Include finish coat over enamel 
undercoat and primer. 

2. Interior, Galvanized-Steel Piping:  Use semigloss, acrylic-enamel finish.  Include two finish coats 
over galvanized metal primer. 

3. Interior, Ferrous Supports:  Use semigloss, acrylic-enamel finish.  Include finish coat over enamel 
undercoat and primer. 

4. Exterior, Ferrous Piping:  Use semigloss, acrylic-enamel finish.  Include two finish coats over rust-
inhibitive metal primer. 

5. Exterior, Galvanized-Steel Piping:  Use semigloss, acrylic-enamel finish.  Include two finish coats 
over galvanized metal primer. 

6. Exterior, Ferrous Supports:  Use semigloss, acrylic-enamel finish.  Include two finish coats over 
rust-inhibitive metal primer. 

B. Do not paint piping specialties with factory-applied finish. 
C. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 

procedures to match original factory finish. 
3.06 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both directions 
than supported unit.  Provide 2” chamfered edges on top of concrete pads.  Follow supported 
equipment manufacturer's setting templates for anchor bolt and tie locations. Use 3000-psig, 28-day 
compressive-strength concrete and reinforcement as specified in Division 3 Section "Cast-in-Place 
Concrete."  Provide broom finish. 

3.07 ERECTION OF METAL SUPPORTS AND ANCHORAGE 
A. Refer to Division 5 Section "Metal Fabrications" for structural steel. 
B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to 

support and anchor mechanical materials and equipment. 
C. Field Welding:  Comply with AWS D1.1, "Structural Welding Code--Steel." 

3.08 ERECTION OF WOOD SUPPORTS AND ANCHORAGE 
A. Cut, fit, and place wood grounds, nailers, blocking, and anchorage to support and anchor mechanical 

materials and equipment. 
B. Select fastener sizes that will not penetrate members if opposite side will be exposed to view or will 

receive finish materials.  Tighten connections between members.  Install fasteners without splitting 
wood members. 

C. Attach to substrates as required to support applied loads. 
3.09 CUTTING AND PATCHING 

A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces necessary for 
mechanical installations.  Perform cutting by skilled mechanics of trades involved. 

B. Repair cut surfaces to match adjacent surfaces. 
3.10  GROUTING 

A. Install nonmetallic, nonshrink, grout for mechanical equipment base bearing surfaces, pump and other 
equipment base plates, and anchors. Mix grout according to manufacturer's written instructions. 
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B. Clean surfaces that will come into contact with grout.  
C. Provide forms as required for placement of grout. 
D. Avoid air entrapment during placing of grout. 
E. Place grout, completely filling equipment bases. 
F. Place grout on concrete bases to provide smooth bearing surface for equipment. 
G. Place grout around anchors. 
H. Cure placed grout according to manufacturer's written instructions. 

3.11  FIRESTOPPING 
A. The mechanical contractor is responsible for providing proper U.L. Listed firestopping and 

smokestopping for all duct, pipe, controls conduit, and related electrical conduit installed by the 
mechanical contractor. 

B. The mechanical contractor shall utilize the latest fire and smoke protection materials and installation 
methods. The mechanical contractor shall guarantee that all materials installed are fire and smoke 
stopped per U.L. Listing, NFPA, building code requirements. 

C.    The mechanical contractor shall utilize Architectural Life Safety Drawings to identify partition ratings. 
If the mechanical contractor is unsure of partition rating then he or she must inquire to Construction 
Manager. 

 

 

END OF SECTION 
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SECTION 23 05 13 
COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

 

PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Single phase electric motors. 
1.02 RELATED REQUIREMENTS  

A. Section 262717 - Equipment Wiring:  Electrical characteristics and wiring connections. 
 B. Section 262913 - Enclosed Controllers. 

1.03 REFERENCE STANDARDS 
A. ABMA STD 9 - Load Ratings and Fatigue Life for Ball Bearings; American Bearing 

Manufacturers Association, Inc.; 1990 (Reapproved 2008). 
B. IEEE 112 - IEEE Standard Test Procedure for Polyphase Induction Motors and Generators; Institute of 

Electrical and Electronic Engineers; 2004. 
C. NEMA MG 1 - Motors and Generators; National Electrical Manufacturers Association; 2011.  
D. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent 

Edition Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

1.04 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide wiring diagrams with electrical characteristics and connection requirements. 
C. Test Reports:  Indicate test results verifying nominal efficiency and power factor for Single 

Phase motors larger than 1/2 horsepower. 
D. Manufacturer's Installation Instructions:  Indicate setting, mechanical connections, lubrication, and 

wiring instructions. 
E. Operation Data:  Include instructions for safe operating procedures. 
F. Maintenance Data:  Include assembly drawings, bearing data including replacement sizes, and 

lubrication instructions. 
1.05  QUALITY ASSURANCE 

 A. Conform to NFPA 70. 
B. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories Inc. as 

suitable for the purpose specified and indicated. 
1.06 DELIVERY, STORAGE, AND HANDLING 

A. Protect motors stored on site from weather and moisture by maintaining factory covers and suitable 
weather-proof covering.  For extended outdoor storage, remove motors from equipment and store 
separately. 

1.07 WARRANTY 
A. See Section 017800 - Closeout Submittals, for additional warranty requirements. 

 

PART 2 PRODUCTS 
2.01 MANUFACTURERS 

A. Lincoln Motors:  www.lincolnmotors.com. 
B. A. O. Smith Electrical Products Company:  www.aosmithmotors.com.  
C. Reliance Electric/Rockwell Automation:  www.reliance.com. 

http://www.lincolnmotors.com/
http://www.aosmithmotors.com/
http://www.reliance.com/
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D. Baldor Electric Co:  www.baldor.com 
E. Or Equal 

2.02  GENERAL CONSTRUCTION AND REQUIREMENTS 
 A. Electrical Service: 

1. Motors 1/2 HP and Smaller:  115 volts, single phase, 60 Hz. 
2. Motors Larger than 1/2 Horsepower:  240 volts, single phase, 60 Hz. 

B. Construction: 
1. Open drip-proof type except where specifically noted otherwise. 
2. Design for continuous operation in 40 degrees C environment. 
3. Design for temperature rise in accordance with NEMA MG 1 limits for insulation class, service 

factor, and motor enclosure type. 
C. Visible Nameplate:  Indicating motor horsepower, voltage, phase, cycles, RPM, full load amps, locked 

rotor amps, frame size, manufacturer's name and model number, service factor, power factor, 
efficiency. 

D. Wiring Terminations: 
1. Provide terminal lugs to match branch circuit conductor quantities, sizes, and materials 

indicated.  Enclose terminal lugs in terminal box sized to NFPA 70, threaded for conduit. 
2. For fractional horsepower motors where connection is made directly, provide threaded conduit 

connection in end frame. 
2.03 APPLICATIONS 

A. Motors All Sizes : Single Phase 
B. Exception:  Motors less than 250 watts, for intermittent service may be the equipment manufacturer's 

standard and need not conform to these specifications. 
C. Single phase motors for shaft mounted fans and centrifugal pumps:  ECM type.  
D. Single phase motors for fans and pumps:  ECM type. 
E. Motors located in exterior locations and air cooled condensers:  Totally enclosed type weatherproof. 

2.04 SINGLE PHASE POWER - PERMANENT-SPLIT CAPACITOR MOTORS 
A. Open Drip-proof or Enclosed Air Over Enclosure:  Class A (50 degrees C temperature rise) insulation, 

minimum 1.0 Service Factor, pre-lubricated sleeve or ball bearings, automatic reset overload protector. 
2.05 SINGLE PHASE POWER - ELECRONICALLY COMMUTATED MOTOR 

A. Motors: Built-in inverter and a magnet rotor. 
B. Drip-proof Enclosure:  Class A (50 degrees C temperature rise) insulation, NEMA Service 

Factor, pre-lubricated sleeve bearings. 
C. Enclosed Motors:  Class A (50 degrees C temperature rise) insulation, 1.0 Service Factor, pre-lubricated 

ball bearings. 
 

PART 3 EXECUTION 
3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 
B. Install securely on firm foundation.  Mount ball bearing motors with shaft in any position. C. Check 
line voltage and phase and ensure agreement with nameplate. 

 
 

END OF SECTION 

http://www.baldor.com/
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SECTION 23 05 16 
EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING 

 

PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Flexible pipe connectors. 
B. Expansion joints and compensators. 
 C. Pipe loops, offsets, and swing joints. 

1.02 RELATED REQUIREMENTS 
A. Section 232113 - Hydronic Piping. 
B. Section 232300 - Refrigerant Piping. 

1.03 REFERENCE STANDARDS 
A. ASTM A269 - Standard Specification for Seamless and Welded Austenitic Stainless Steel 

Tubing for General Service; 2010. 
B. EJMA (STDS) - EJMA Standards; Expansion Joint Manufacturers Association; Ninth Edition. 

1.04 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures. B. Product Data: 

1. Flexible Pipe Connectors:  Indicate maximum temperature and pressure rating, 
face-to-face length, live length, hose wall thickness, hose convolutions per foot and per 
assembly, fundamental frequency of assembly, braid structure, and total number of wires in 
braid. 

2. Expansion Joints:  Indicate maximum temperature and pressure rating, and maximum expansion 
compensation. 

C. Design Data:  Indicate selection calculations. 
D. Manufacturer's Instructions:  Indicate manufacturer's installation instructions, special procedures, and 

external controls. 
E. Project Record Documents:  Record installed locations of flexible pipe connectors, expansion joints, 

anchors, and guides. 
F. Maintenance Data:  Include adjustment instructions. 

1.05  REGULATORY REQUIREMENTS  
A. Conform to UL requirements. 
 

PART 2 PRODUCTS 
2.01  FLEXIBLE PIPE CONNECTORS - STEEL PIPING  

A. Manufacturers: 
1. Mercer Rubber Company:  www.mercer-rubber.com. 
2. Metraflex Company:  www.metraflex.com. 
3. Or Equal 

B. Inner Hose:  Carbon Steel. 
C. Exterior Sleeve:  Single braided, stainless steel. 
D. Pressure Rating:  125 psi and 450 degrees F. 
E. Joint:  As specified for pipe joints. 
 F. Size:  Use pipe sized units. 
G. Maximum offset:  3/4 inch on each side of installed center line. 

http://www.mercer-rubber.com/
http://www.metraflex.com/


      
 
 
 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 307 
EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING                    23 05 16 

2.02 FLEXIBLE PIPE CONNECTORS - COPPER PIPING  
A. Manufacturer: 

1. Mercer Rubber Company:  www.mercer-rubber.com. 
2. Metraflex Company:  www.metraflex.com. 
3. Or Equal 

B. Inner Hose:  Bronze. 
C. Exterior Sleeve:  Braided bronze. 
D. Pressure Rating:  125 psi and 450 degrees F.  
E. Joint:  As specified for pipe joints. 
F. Size:  Use pipe sized units. 
G. Maximum offset:  3/4 inch on each side of installed center line.  
H. Application:  Copper piping. 

2.03 EXPANSION JOINTS - STAINLESS STEEL BELLOWS TYPE 
 A. Manufacturers: 

1. Mercer Rubber Company:  www.mercer-rubber.com. 
2. Metraflex Company:  www.metraflex.com. 
3. Or Equal 

B. Pressure Rating:  125 psi and 400 degrees F.  
C. Maximum Compression:  1-3/4 inches. 
D. Maximum Extension:  1/4 inch. 
E. Joint:  As specified for pipe joints. 
 F. Size:  Use pipe sized units. 
G. Application:  Steel piping 3 inches and under. 

2.04  EXPANSION JOINTS - TWO-PLY BRONZE BELLOWS TYPE  
A. Manufacturers: 

1. Mercer Rubber Company:  www.mercer-rubber.com. 
2. Metraflex Company:  www.metraflex.com. 
3. Or Equal 

B. Construction:  Bronze with anti-torque device, limit stops, internal guides. 
 C. Pressure Rating:  125 psi and 400 degrees F. 
D. Maximum Compression:  1-3/4 inches.  
E. Maximum Extension:  1/4 inch. 
F. Joint:  As specified for pipe joints. 
 G. Size:  Use pipe sized units. 
H. Application:  Copper piping. 

2.05 EXPANSION JOINTS - LOW PRESSURE COMPENSATOR WITH TWO-PLY BRONZE BELLOWS 
A. Manufacturers: 

1. Mercer Rubber Company; Model    :  www.mercer-rubber.com. 
2. Metraflex Company; Model    :  www.metraflex.com. 
3. Or Approved Equal..  

B. Working Pressure:  75 psi. 
C. Maximum Temperatures:  250 degrees F. 
D. Maximum Compression:  1/2 inch.  
E. Maximum Extension:  5/32 inch. 

http://www.mercer-rubber.com/
http://www.metraflex.com/
http://www.mercer-rubber.com/
http://www.metraflex.com/
http://www.mercer-rubber.com/
http://www.metraflex.com/
http://www.mercer-rubber.com/
http://www.metraflex.com/
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F. Joint:  Soldered. 
G. Size:  Use pipe sized units. 
H. Application:  Copper or steel piping 3 inches and under. 

2.06 ACCESSORIES 
A. Stainless Steel Pipe:  ASTM A269. 
 B. Pipe Alignment Guides: 

1. Two piece welded steel with enamel paint, bolted, with spider to fit standard pipe, frame
 with four mounting holes, clearance for minimum 1 inch thick insulation, minimum 3 
inches travel. 

C. Swivel Joints: 
1. Fabricated steel body, double ball bearing race, field lubricated, with rubber (Buna-N) o-ring 

seals. 
 

PART 3 EXECUTION 
3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 
B. Install in accordance with EJMA (Expansion Joint Manufacturers Association) Standards. 
C. Install flexible pipe connectors on pipes connected to vibration isolated equipment.  Provide line size 

flexible connectors. 
D.    Install flexible connectors at right angles to displacement.  Install one end immediately adjacent to 

isolated equipment and anchor other end.  Install in horizontal plane unless indicated otherwise. 
E. Anchor pipe to building structure where indicated.  Provide pipe guides so movement is directed along 

axis of pipe only.  Erect piping such that strain and weight is not on cast connections or apparatus. 
F. Provide support and equipment required to control expansion and contraction of piping. 

Provide loops, pipe offsets, and swing joints, or expansion joints where required. 
 

 

END OF SECTION 
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SECTION 23 05 19 
METERS AND GAUGES 

 

PART 1 GENERAL 
1.01 SECTION INCLUDES  

A. Flow meters. 
B. Pressure gauges and pressure gauge taps.  
C. Thermometers and thermometer wells. 

1.02 RELATED REQUIREMENTS 
A. Section 232113 - Hydronic Piping. 
B. Section 25 00 00 - HVAC Instrumentation and Controls 

1.03 REFERENCE STANDARDS 
A. ASME B40.100 - Pressure Gauges and Gauge Attachments; The American Society of 

Mechanical Engineers; 2005. 
B. ASTM E1 - Standard Specification for ASTM Thermometers; 2007. 
C. ASTM E77 - Standard Test Method for Inspection and Verification of Thermometers; 2007. 
D. AWWA C700 - Cold Water Meters -- Displacement Type, Bronze Main Case; American Water Works 

Association; 2009 (ANSI/AWWA C700). 
E. AWWA C701 - Cold Water Meters -- Turbine Type, for Customer Service; American Water 

Works Association; 2012. 
F. AWWA M6 - Water Meters -- Selection, Installation, Testing, and Maintenance; American 

Water Works Association; 2012. 
G. UL 404 - Gauges, Indicating Pressure, for Compressed Gas Service; Underwriters  Laboratories Inc.; 

Current Edition, Including All Revisions. 
1.04 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide list that indicates use, operating range, total range and location for 

manufactured components. 
C. Project Record Documents:  Record actual locations of components and instrumentation. D.
 Maintenance Data:  For meters and gauges to include in maintenance manuals specified in 

Division 1.  Include data for the following: 
1. Retain or delete subparagraphs below as require 
2. Flow-measuring systems. 
3. Flowmeters. 
4. Thermal-energy flowmeters. 
5. Water meters. 

1.05 FIELD CONDITIONS 
A. Do not install instrumentation when areas are under construction, except for required rough-in, taps, 

supports and test plugs. 
 

PART 2 PRODUCTS 
2.01 Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

A. See Editing Instruction No. 1 in the Evaluations for cautions about naming products and manufacturers. 
Delete categories below not required. 

B. Liquid-in-Glass Thermometers: 
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1. Dresser Industries, Inc.; Instrument Div.; Weksler Instruments Operating Unit. 
2. Trerice:  H. O. Trerice Co. 
3. Weiss Instruments, Inc. 

C. Direct-Mounting, Filled-System Dial Thermometers: 
1. Dresser Industries, Inc.; Instrument Div.; Ashcroft Commercial Sales Operation. 
2. Trerice:  H. O. Trerice Co. 
3. Weiss Instruments, Inc. 

D. Remote-Reading, Filled-System Dial Thermometers: 
1. Dresser Industries, Inc.; Instrument Div.; Ashcroft Commercial Sales Operation. 
2. Trerice:  H. O. Trerice Co. 
3. Weiss Instruments, Inc. 

 E. Insertion Dial Thermometers: 
1. Dresser Industries, Inc.; Instrument Div.; Ashcroft Commercial Sales Operation. 
2. Trerice:  H. O. Trerice Co. 
3. Weiss Instruments, Inc.  

F. Pressure Gauges: 
1. Dresser Industries, Inc.; Instrument Div.; Ashcroft Commercial Sales Operation. 
2. Trerice:  H. O. Trerice Co. 
3. Weiss Instruments, Inc. 

 G. Test Plugs: 
1. Flow Design, Inc. 
2. Trerice:  H. O. Trerice Co. 
3. Watts Industries, Inc.; Water Products Div. 

2.02 THERMOMETERS, GENERAL 
A. Scale Range:  Temperature ranges for services listed are as follows: 

1. Other temperature ranges and units wiTh both Fahrenheit and Celsius scales are available. 
2. Domestic Hot Water:  30 to 240 deg F, with 2-degree scale 
3. Domestic Cold Water:  0 to 100 deg F, with 2-degree scale 
4. Hot Water:  30 to 300 deg F, with 2-degree scale 
5. Pumped Condensate: 30 to 300 deg F, with 2-degree scale 

B. Accuracy:  Plus or minus 1 percent of range span or plus or minus one scale division to maximum of 1.5 
percent of range span. 

2.03 LIQUID-IN-GLASS THERMOMETERS  
A. Description:  ASTM E 1. 
B. Case:  Die cast and aluminum finished in baked-epoxy enamel, glass front, spring secured, 9 inches long. 
C. Adjustable Joint:  Finish to match case, 180-degree adjustment in vertical plane, 360-degree adjustment 

in horizontal plane, with locking device. 
D. Tube:  Red or blue reading, organic-liquid filled with magnifying lens.  
E. Retain paragraph above or below. Tube type above is recommended.  
F. Tube:  Red or blue reading, mercury filled with magnifying lens. 
G. Scale:  Satin-faced nonreflective aluminum with permanently etched markings. 
H. Stem:  Copper-plated steel, aluminum, or brass for separable socket; of length to suit installation. 

2.04 DIRECT-MOUNTING, FILLED-SYSTEM DIAL THERMOMETERS 
A. Description:  Vapor-actuated, universal-angle dial type.  
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B. Cases are also constructed of molded brass, stainless steel, or phenolic plastic.  Lenses are also made of 
clear acrylic plastic. Edit to suit Project. 

C.    Case:  Drawn steel or cast aluminum, with 4-1/2-inch- diameter, glass lens. 
D. Adjustable Joint:  Finish to match case, 180-degree adjustment in vertical plane, 360-degree adjustment 

in horizontal plane, with locking device. 
E. Thermal Bulb:  Copper with phosphor-bronze bourdon pressure tube. F. Movement:  Brass, precision 

geared. 
G.    Scale:  Progressive, satin-faced nonreflective aluminum with permanently etched markings. 
H. Stem:  Copper-plated steel, aluminum, or brass for separable socket; of length to suit installation. 

2.05 REMOTE-READING, FILLED-SYSTEM DIAL THERMOMETERS  
A. Description:  Vapor-actuated, remote-reading dial type. 
B. Case:  Drawn steel or cast aluminum, with 4-1/2-inch diameter, glass lens.  
C. Movement:  Brass, precision geared. 
D. Scale:  Progressive, satin-faced nonreflective aluminum with permanently etched markings.  
E. Tubing:  Bronze, double-braided, armor-over-copper capillary; of length to suit installation. 
F.    Bulb:  Copper with separable socket for liquids; averaging element for air. 

2.06 INSERTION DIAL THERMOMETERS 
A. Description:  ASME B40.3, bimetal type. 
 B. Dial:  1-inch diameter. 
C.    Case:  Stainless steel. 
D. Stem:  Dustproof and leakproof 1/8-inch diameter, tapered-end stem with nominal length of 5 inches. 

2.07 SEPARABLE SOCKETS 
A. Description:  Fitting with protective socket for installation in threaded pipe fitting to hold fixed 

thermometer stem. 
  1. Retain first with second or third subparagraph below. 

2. Material:  Brass, for use in copper piping. 
3. Material:  Steel, for use in steel piping. 
4. Extension-Neck Length:  Nominal thickness of 2 inches, but not less than thickness of insulation.  

Omit extension neck for sockets for piping not insulated. 
5. Retain one of three subparagraphs below. 
6. Insertion Length:  Pipe 6” and larger: To extend 2 inches into pipe. 
7. Insertion Length:  Pipe 4” to 6”: To extend to one-third of diameter of pipe. 
8. Insertion Length:  Pipe 3” and under: To extend to center of pipe. 
9. Delete subparagraph below if not required or if all thermometers will be permanently installed. 
10.    Cap:  Threaded, with chain permanently fastened to socket. 
11.    Heat-Transfer Fluid:  Oil or graphite. 

2.08 THERMOMETER WELLS 
A. Description:  Fitting with protective well for installation in threaded pipe fitting to hold test 

thermometer. 
1. Retain first with second or third subparagraph below. 
2. Material:  Brass, for use in copper piping. 
3. Material:  Steel, for use in steel piping. 
4. Extension-Neck Length:  Nominal thickness of 2 inches, but not less than thickness of insulation.  

Omit extension neck for wells for piping not insulated. 



      
 
 
 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 312 
METERS AND GAUGES                        23 05 19 

5. Retain one of three subparagraphs below. 
6. Insertion Length:  Pipe 6” and larger: To extend 2 inches into pipe. 
7. Insertion Length:  Pipe 4” to 6”: To extend to one-third of diameter of pipe. 
8. Insertion Length:  Pipe 3” and under: To extend to center of pipe. 
9. Cap:  Threaded, with chain permanently fastened to socket. 
10.    Heat-Transfer Fluid:  Oil or graphite. 

2.09 PRESSURE GAUGES 
A. Description:  ASME B40.1, phosphor-bronze bourdon-tube type with bottom connection; dry type, 

unless liquid-filled-case type is indicated. 
B. Cases are also constructed of molded aluminum and phenolic plastic.  Lenses are also made of clear 

acrylic plastic. Edit to suit Project. 
C. Case:  Drawn steel, brass, or aluminum with 4-1/2-inch diameter, glass lens. 
D. Connector:  Brass, NPS 1/4. 
E. Scale:  White-coated aluminum with permanently etched markings. 
F. Retain one of four paragraphs below. 
G. Accuracy:  Grade A, plus or minus 1 percent of middle 50 percent of scale. 
H. Range:  Comply with the following: 

1. Vacuum:  30 inches Hg of vacuum to 15 psig of pressure 
2. Fluids under Pressure:  Two times the operating pressure. 

2.10  PRESSURE-GAUGE FITTINGS 
A. Valves:  NPS 1/4 brass or stainless-steel needle type. 
B. Syphons:  NPS 1/4 coil of brass tubing with threaded ends. 
C. Snubbers:  ASME B40.5, NPS 1/4 brass bushing with corrosion-resistant porous-metal disc of material 

suitable for system fluid and working pressure. 
2.11  TEST PLUGS 

A. Edit paragraph below for NPS 1/4 (DN8) test plugs if required. 
B. Description:  Nickel-plated, brass-body test plug in NPS 1/2 fitting. 
 C. Body:  Length as required to extend beyond insulation. 
D. Pressure Rating:  600 psig minimum. E. Retain one of three paragraphs below. 
F. Core Inserts:  One or two self-sealing valves, suitable for inserting 1/8-inch OD probe from dial-type 

thermometer or pressure gauge. 
G. Core Inserts:  Two self-sealing valves, suitable for inserting 1/8-inch OD probe from dial-type 

thermometer or pressure gauge. 
H. Core Material for Air, Water, Oil, and Gas:  20 to 200 deg F, chlorosulfonated polyethylene synthetic 

rubber. 
I. Core Material for Air and Water:  Minus 30 to plus 275 deg F, ethylene-propylene-diene terpolymer 

rubber. 
J. Test-Plug Cap:  Gasketed and threaded cap, with retention chain or strap. 

 
PART 3 EXECUTION 
3.01 METER AND GAUGE INSTALLATION, GENERAL 

A. Install meters, gauges, and accessories according to manufacturer's written instructions for applications 
where used. 

3.02 THERMOMETER INSTALLATION 
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A. Install thermometers and adjust vertical and tilted positions. 
B. Install in the following locations, including locations indicated on drawings: 

  1. Inlet and outlet of domestic water to each domestic water heater. 
3. At mixing valve. 

C. Install separable sockets in vertical position in piping tees where fixed thermometers are indicated. 
1. Retain one of first three subparagraphs below that matches subparagraph selected in 

"Separable Sockets" Article. 
2. Install with socket extending to center of pipe. 
3. Fill sockets with oil or graphite and secure caps. 

D. Install thermometer wells in vertical position in piping tees where test thermometers are indicated. 
1. Install with stem extending to center of pipe. 
2. Fill wells with oil or graphite and secure caps. 

3.03 PRESSURE-GAUGE INSTALLATION 
A. Install pressure gauges in piping tees with pressure-gauge valve located on pipe at most readable 

position. 
B. Install dry-type pressure gauges in the following locations: 

1. Inlet and outlet of each side of each domestic water heater. 
2. Inlet to each expansion tank. 
3. Domestic cold water inlet. 
4. Fire Protection Entrance. 

C. Install liquid-filled-type pressure gauges at suction and discharge of each pump. 
D. Install pressure-gauge needle valve and snubber in piping to pressure gauges. 

1. Exception:  Install syphon instead of snubber in piping to steam pressure gauges. 
3.04 CONNECTIONS 

A. Coordinate piping installation and specialty arrangement requirements with schematics on 
Drawings. 

B. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general 
arrangement of piping and specialties. The following are specific connection requirements: 
1. Install meters and gauges adjacent to machines and equipment to allow service and 

maintenance. 
C. Delete paragraphs below if not required.  
D. Ground electrically operated meters. 

1. Tighten electrical connectors and terminals according to manufacturer's published 
torque-tightening values.  If manufacturer's torque values are not indicated, use those specified 
in UL 486A and UL 486B. 

E. Electrical power, wiring, and connections are specified in Division 26 Sections. 
3.05 ADJUSTING AND CLEANING 

A. Calibrate meters according to manufacturer's written instructions, after installation. 
B. Adjust faces of meters and gauges to proper angle for best visibility. 
C. Clean windows of meters and gauges and clean factory-finished surfaces. Replace cracked and broken 

windows, and repair scratched and marred surfaces with manufacturer's touchup paint.  
 
 

END OF SECTION 
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SECTION 23 05 48 
VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Equipment support bases. 
B. Vibration isolators. 
C. Seismic restraints for suspended components and equipment..  
D. Vibration isolators. 
E. Seismic restraints. 

1.02 RELATED REQUIREMENTS 
A. Section 033000 - Cast-in-Place Concrete. 

1.03 REFERENCE STANDARDS 
A. ASCE 7 - Minimum Design Loads for Buildings and Other Structures; 2011. 
B. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications; American Society of 

Heating, Refrigerating and Air-Conditioning Engineers, Inc.; 2011. 
C. FEMA 412 - Installing Seismic Restraints for Mechanical Equipment; 2002. D. FEMA 414 - Installing 

Seismic Restraints for Duct and Pipe; 2004. 
D. SMACNA (SRM) - Seismic Duct Restraint Manual; Sheet Metal and Air Conditioning Contractors' National 

Association; 2008. 
1.04 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures.  
B.   Product Data: 

1. Provide manufacturer's product literature documenting compliance with PART 2 
2 Include seismic rating documentation for each isolator and restraint component accounting for 

horizontal, vertical, and combined loads. 
C. Shop Drawings: 

1. Provide schedule of vibration isolator type with location and load on each. 
2  Fully dimensioned fabrication drawings and installation details for vibration isolation bases, 

member sizes, attachments to isolators, and supported equipment. 
3. Include auxiliary motor slide bases and rails, base weights, inertia bases, concrete weights, 

equipment static loads, support points, vibration isolators, and detailed layout of isolator 
location and orientation with static and dynamic load on each isolator 

4. Include selections from prescriptive design tables that indicate compliance with the applicable 
building code and the vibration isolator manufacturer's requirements. 

5. Clearly indicate the load and capacity assumptions selected. Include copies of any calculations. 
6. Include the calculations that indicate compliance with the applicable building code for seismic 

controls and the vibration isolator manufacturer's requirements. 
7. Include the seal of the Professional Structural Engineer registered in the State of Vermont in 

which the Project is located, on the drawings and calculations which at a minimum include the 
following: 
a.  Seismic Restraint Details:  Detailed drawings of seismic restraints and snubbers 

including anchorage details that indicate quantity, diameter, and depth of penetration, 
edge distance, and spacing of anchors. 
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b. Equipment Seismic Qualification Certification:  Certification by the manufacturer or 
responsible party that each piece of equipment provided will withstand seismic force 
levels as specified in the applicable building code for seismic controls. 
1) Basis for Certification:  Indicate whether the withstand certification is based on 

actual testing of assembled components, on calculations, or on historic data. 
2) Indicate equipment to be sufficiently durable to resist design forces and or 

remain functional after the seismic event. 
D. Dimensioned outline drawings of equipment identifying center of gravity, locations, and provisions for 

mounting and anchorage. 
E. Detailed description of the equipment anchorage devices on which the certifications are based. 
F. Product Data: 

1.  Provide schedule of vibration isolator type with location and load on each. 
2.  Include rated load, rated deflection, and overload capacity for each vibration isolation device. 
3.  Illustrate and indicate style, material, strength, fastening provision, and finish for each type and 

size of seismic-restraint component used. 
a. Tabulate types and sizes of seismic restraints, complete with report numbers and rated 

strength in tension and shear as evaluated by an evaluation service member of ICC-ES, 
OSHPD, or an agency acceptable to authorities having jurisdiction. 

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

G. Delegated-Design Submittal:  For vibration isolation and seismic-restraint details indicated to comply 
with performance requirements and design criteria, including analysis data signed and sealed by the 
qualified professional engineer responsible for their preparation. 
1. Design Calculations:  Calculate static and dynamic loading due to equipment weight and 

operation, seismic forces required to select vibration isolators, seismic restraints, and for 
designing vibration isolation bases. 
a. For each seismic restraint calculation, utilize appropriate component importance factor, 

component response modification factor, and component amplification factor. Where 
vibration pad isolators are utilized, recommend and provide appropriate pad thickness 
and quantity.  Where vibration isolators are utilized, recommend appropriate minimum 
deflection, and provide vibration isolators meeting this recommendation. 

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

2. Seismic- Restraint Details: 
a. Design Analysis:  To support selection and arrangement of seismic restraints. Include 

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

restrained items and to the structure.  Show attachment locations, methods, and 
spacings.  Identify components, list their strengths, and indicate directions and values of 
forces transmitted to the structure during seismic events.  Indicate association with 
vibration isolation devices. 
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c. Preapproval and Evaluation Documentation:  By an evaluation service member of ICC-
ES, OSHPD, an agency acceptable to authorities having jurisdiction, showing maximum 
ratings of restraint items and the basis for approval (tests or calculations). 

H. Shop Drawings:  Indicate inertia bases and locate vibration isolators, with static and dynamic load on 
each.  Indicate seismic control measures. 

I. Coordination Drawings:  Show coordination of seismic bracing for Plumbing piping and equipment with 
other systems and equipment in the vicinity, including other supports and seismic restraints. 

J. Manufacturer's Instructions:  Indicate installation instructions with special procedures and setting 
dimensions. 

1.05 QUALITY ASSURANCE 
A. Perform design and installation in accordance with applicable codes. 
B. Designer Qualifications:  Perform design under direct supervision of a Professional Engineer experienced 

in design of this type of work and registered and licensed in the State in which the Project is located. 
C. Manufacturer Qualifications:  Company specializing in manufacturing products specified in this section, 

with not less than three years of documented experience. 
1.06 QUALITY ASSURANCE 

A. Comply with seismic-restraint requirements in the International Building Code unless requirements in 
this Section are more stringent 

1.07 PERFORMANCE REQUIREMENTS 
 A. Seismic Restraint Loading: 

1. Site Class as Defined in Internation Building Code: Site Class D 
2.  Importance Factor: 1.25 
3.  Assigned Seismic Use Group or Building Category as Defined in International Building 

Code: C 
4.  Design Spectral Response Acceleration at Short Periods (0.2 second): 0.405g. 
5.  Design Soectral Response Acceleration at 1-Second Period: 0.264g. 

 
PART 2 PRODUCTS 
2.01 MANUFACTURERS 

A. Mason Industries:  www.mason-ind.com.  
B. Or Equal 

2.02 PERFORMANCE REQUIREMENTS  
A. General: 

1.  All vibration isolators, base frames and inertia bases to conform to all uniform deflection and 
stability requirements under all operating loads. 
2. Steel springs to function without undue stress or overloading. 

2.03  EQUIPMENT SUPPORT BASES  
A. Structural Bases: 

1.  Construction:  Engineered, structural steel frames with welded brackets for side mounting of the 
isolators. 

2.  Frames:  Square, rectangular or T-shaped. 
3. Design:  Sufficiently rigid to prevent misalignment or undue stress on machine, and to transmit 

design loads to isolators and snubbers. 
B. Concrete Inertia Bases: 

http://www.mason-ind.com/
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1. Construction:  Engineered, steel forms, with integrated isolator brackets and anchor bolts, 
welded or tied reinforcing bars running both ways in a single layer. 

2. Size:  4 inches minimum depth and sized to accommodate elbow supports. 
3. Mass:  Minimum of 1.5 times weight of isolated equipment. 
4. Connecting Point:  Reinforced to connect isolators and snubbers to base including template and 

fastening devices for equipment. 
5. Concrete:  Filled on site with minimum 3000 psi concrete. 

2.04 VIBRATION ISOLATORS  
A. Non-Seismic Type: 

1.  All Elastomeric-Fiber Glass Pads: 
a.  Configuration:  Flat or molded. 
b.  Thickness:  0.25 inch minimum. 
c.  Assembly:  Single or multiple layers using bonded, galvanized sheet metal separation 

plate between each layer with load plate providing evenly distributed load over pad 
surface. 

2.  Elastomeric Mounts: 
a.  Material:  Oil, ozone, and oxidant resistant compounds. 
b.  Assembly:  Encapsulated load transfer plate bolted to equipment and base plate with 

anchor hole bolted to supporting structure. 
3.  Steel Springs: 

a.  Assembly:  Freestanding, laterally stable without housing. 
b.  Leveling Device:  Rigidly connected to equipment or frame. 

4.  Restrained Steel Springs: 
 

a. Housing:  Rigid blocking during rigging prevents equipment installed and operating height 
from changing during temporary weight reduction. 

b. Equipment Wind Loading:  Adequate means for fastening isolator top to equipment and 
isolator base plate to supporting structure. 

6. Elastomeric Hangers: 
a. Housing: Steel construction containing elastomeric isolation element to prevent rod contact 

with housing and short-circuiting of isolating function. 
b. Incorporate steel load distribution plate sandwiching elastomeric element to housing. 

7. Spring Hanger: 
a. Housing:  Steel construction containing stable steel spring and integral elastomeric element 

preventing metal to metal contact. 
b. Bottom Opening:  Sized to allow plus/minus 15 degrees rod misalignment. 

 
8. Combination Elastomeric-Spring Hanger: 

a. Housing:  Steel construction containing stable steel spring with elastomeric element in 
series isolating upper connection of hanger box to building structure. 

b.   Bottom Opening:  Sized to allow plus/minus 15 degrees rod misalignment. 
B. Seismic Type: 

1.   Coil Springs Consisting of Single Elements: 
a.  Housing:  Manufactured from cast iron material. 
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b.   Ductile Material:  Designed and rated for seismic applications. 
c.  Spring:  Restrained by housing with out significant degradation of vibration isolation 

capabilities during normal equipment operating conditions. 
d.  Resilient Snubbing Grommet System:  Incorporated and designed with clearances of no 

more than 0.25 inch in any direction preventing direct metal-to-metal contact between 
supported member and fixed restraint housing. 

e.  Resilient Pad:  Located in series with spring. 
f.  Coil Springs:  Color coded elements to have a lateral stiffness greater than 0.8 times the 

rated vertical stiffness with 50 percent overload capacity. 
g.  Finish:  Suitable for the application. 

2. All Directional Elastomeric: 
a. Material:  Molded from oil, ozone, and oxidant resistant compounds. 
b. Operating Parameters:  Designed to operate within the isolator strain limits providing 

maximum performance and service life. 
c. Attachment Method:  Encapsulated load transfer plate bolted to equipment and base 

plate with anchor hole bolted to supporting structure. 
d. Rating:  Cast iron and aluminum housings rated for seismic restraint applications. 
e. Minimum Operating Static Deflections:  Deflections indicated in project documents are 

not to exceed published load capacities. 
2.05  SEISMIC RESTRAINTS FOR SUSPENDED COMPONENTS AND EQUIPMENT 

 A. Comply with: 
1. ASHRAE Handbook - HVAC Applications 
2. FEMA 412 
3. FEMA 414 
4. SMACNA - Seismic Duct Restraint Manual 

B. Cable Restraints: 
1. Wire Rope:  Steel wire strand cables sized to resist seismic loads in all lateral directions. 
2. Protective Thimbles:  Eliminates potential for dynamic cable wear and strand breakage. 
3. Size:  Based on the lesser of cable capacity or anchor load taking into account bracket geometry. 
4. Connections: 

a. Use overlapping wire rope U clips, cable clamping bolts, swaged sleeves or seismically 
rated tool-less wedge insert lock connectors. 

b. Internally brace clevis hanger bracket cross bolt to prevent deformation. 
5. Vertical Suspension Rods:  Attach required bracing of sufficient strength to prevent rod buckling 

from vertical compression forces utilizing series of attachment clips. 
C. Rigid Restraints: 

1. Structural Element:  Sized to resist seismic loads in all lateral directions and carry both 
compressive and tensile loading. 

2. Size:  Based on the lesser of cable capacity or anchor load taking into account bracket geometry. 
3. Connections:  Internally brace clevis hanger bracket cross bolt to prevent deformation. 
4. Static Support System: Anchorage capable of carrying additional tension loads generated by the 

vertical component of the rigid brace compression which is additive to any static load 
requirements on the system. 
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5. Vertical Suspension Rods:  Attached required bracing of sufficient strength to prevent rod 
buckling from vertical compression forces utilizing series of attachment clips. 

2.06 VIBRATION ISOLATORS 
 A. Open Spring Isolators: 

1. Springs:  Minimum horizontal stiffness equal to 75 percent vertical stiffness, with 
working deflection between 0.3 and 0.6 of maximum deflection.  Color code springs for load 
carrying capacity. 

2. Spring Mounts:  Provide with leveling devices, minimum 0.25 inch thick neoprene sound pads, 
and zinc chromate plated hardware. 

3. Sound Pads:  Size for minimum deflection of 0.05 inch; meet requirements for neoprene pad 
isolators. 

4. For Exterior and Humid Areas:  Hot dipped galvanized housings and neoprene coated springs. 
B. Restrained Open Spring Isolators: 

1. Springs:  Minimum horizontal stiffness equal to 75 percent vertical stiffness, with working 
deflection between 0.3 and 0.6 of maximum deflection.  Color code springs for load carrying 
capacity. 

2. Spring Mounts:  Provide with leveling devices, minimum 0.25 inch thick neoprene sound pads, 
and zinc chromate plated hardware. 

3. Sound Pads:  Size for minimum deflection of 0.05 inch; meet requirements for neoprene pad 
isolators. 

4. Restraint:  Provide heavy mounting frame and limit stops. 
5. For Exterior and Humid Areas:  Hot dipped galvanized housings and neoprene coated springs. 

C. Spring Hangers: 
1. Springs:  Minimum horizontal stiffness equal to 75 percent vertical stiffness, with working 

deflection between 0.3 and 0.6 of maximum deflection.  Color code springs for load carrying 
capacity. 

2. Housings:  Incorporate neoprene isolation pad meeting requirements for neoprene pad 
isolators. 

  3. Misalignment:  Capable of 20 degree hanger rod misalignment. 
4. For Exterior and Humid Areas:  Hot dipped galvanized housings and neoprene coated springs. 

D. Neoprene Pad Isolators: 
1. Configuration:  Single layer. 
2. Configuration:  1/2 inch thick waffle pads bonded each side of 1/4 inch thick steel plate. 

E. Rubber Mount or Hanger:  Molded rubber designed for 0.4 inch deflection with threaded insert. 
F. Seismic Snubbers: 

1. Type:  Non-directional and double acting unit consisting of interlocking steel members 
restrained by neoprene elements. 

2. Elements:  Replaceable neoprene, minimum of 0.75 inch thick with minimum 1/8 inch air gap. 
  3. Capacity:  4 times load assigned to mount groupings at 0.4 inch deflection. 

4. Attachment Points and Fasteners:  Capable of withstanding 3 times rated load capacity of 
seismic snubber. 

 
PART 3 EXECUTION 
3.01 INSTALLATION - GENERAL 
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A. Install in accordance with manufacturer's instructions.  
B. On closed spring isolators, adjust so side stabilizers are clear under normal operating conditions. 
C. Prior to making piping connections to equipment with operating weights substantially different from 

installed weights, block up equipment with temporary shims to final height.  When full load is applied, 
adjust isolators to load to allow shim removal. 

D. Provide seismic snubbers for all equipment, piping, and ductwork mounted on isolators. Each inertia 
base shall have minimum of four seismic snubbers located close to isolators.  Snub equipment 
designated for post-disaster use to 0.05 inch maximum clearance. Other snubbers shall have clearance 
between 0.15 inch and 0.25 inch. 

E. Piping Restraints: Comply with requirements in MSS SP-127. 
F. Support piping connections to equipment mounted on isolators using isolators or resilient hangers for 

scheduled distance. 
1. Up to 4 Inches Pipe Size:  First three points of support. 
2. Select three hangers closest to vibration source for minimum 1.0 inch static deflection or static 

deflection of isolated equipment.  Select remaining isolators for minimum 1.0 inch static 
deflection or 1/2 static deflection of isolated equipment. 

3.02 INSTALLATION - SEISMIC  
A. Comply with: 

1. ASHRAE Handbook - HVAC Applications 
2. FEMA 412 
3. FEMA 414 
4. SMACNA - Seismic Duct Restraint Manual 

B. Seismic Snubbers: 
1. Snub equipment designated for post-disaster use to 0.05 inch maximum clearance. 
2. Snub all other equipment between 0.15 inch and 0.25 inch clearance. 

C. Floor and Base-Mounted Equipment, Vibration Isolated Equipment and associated Vibration and Seismic 
Controls for Connections: 
1. Install equipment anchorage items designed to resist seismic design force in any direction. 
2. Provide flexible connections between equipment and interconnected piping. 
3. Provide isolators and restraints designed for amplified code forces per ASCE 7 and with 

demonstrated ability to resist required forces including gravity, operational and seismic forces. 
4.  Where equipment is not designed to be point loaded, provide base capable of transferring 

gravity and seismic demands from equipment to isolator base plate anchorage. 
5. Where concrete floor thickness is less than required for expansion anchor installation, install 

through bolt in lieu of expansion anchor. 
D. Suspended Mechanical Equipment: 

1. Provide supports and bracing to resist seismic design force in any direction. 
2. Provide flexible connections between equipment and interconnected piping. 
3. Brace equipment hung from spring mounts using cable or other bracing that will not transmit 

vibration to the structure. 
E. Wall mounted Mechanical Equipment: 

1. Provide support and bracing to resist seismic design force in any direction. 
2. Install backing plates or blocking as required to deliver load to primary wall framing members. 
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3. Anchoring to gypsum wallboard, plaster or other wall finish that has not been engineered to 
resist imposed loads is not permitted. 

F. Piping: 
1. Provide seismic bracing in accordance with ASC 7. 
2. Provide supports, braces, and anchors to resist gravity and seismic design forces. 
3. Provide flexible connections between floor mounted equipment and suspended piping; between 

unbraced piping and restrained suspended items; as required for thermal movement; at building 
separations and seismic joints; and wherever relative differential movements could damage pipe in an 
earthquake. 

4. Brace resiliently supported pipe with cable bracing or alternate means designed to prevent transmission 
of vibrations and noise to the structure. 

5. Piping Explicitly Exempt from Seismic Bracing Requirements: 
a. Provide flexible connections between piping and connected equipment, including in-line devices 

such as VAV boxes and reheat coils. 
b. Install piping consistent with ASCE 7, such that swinging of the pipes will not cause damaging 

impact with adjacent components, finishes, or structural framing while maintaining clear 
horizontal distance of 67 percent of the hanger length between subject components. 

c. Provide swing restraints as required to control potential impact due to limited space between 
subject components. 

G. Ductwork: 
1. Provide seismic bracing for ducts with cross sectional area greater than 6 sq ft 
(independent of duct contents). 
2. Provide supports, braces, and anchors to resist gravity and seismic design forces. 
3. Install ducts and duct risers designed to accommodate interstory drift. 
4. Independently support in-line devices weighing more than 20 pounds. 
5. Independently support and brace all in-line devices weighing more than 75 pounds. 
6. Provide unbraced piping attached to braced in-line equipment with adequate flexibility to 

accommodate differential displacements. 
7. Positively attach dampers, louvers, diffusers and similar appurtenances to ductwork with 

mechanical fasteners. 
8. Install duct supports designed to resist not less than 150 percent of the duct weight. 
9. The use of power driven fasteners is prohibited in the hanging of ducts weighing over 10 pounds 

per lineal foot for seismic design categories D, E, and F. 
H.  Tanks: 

1. Install tank anchorage, tank legs and/or supporting structure designed to resist design force. 
2. Provide flexible connections between tank and interconnected piping. 

I. Install cables so they do not bend across edges of adjacent equipment or building structure. 
J. Install seismic-restraint devices using methods approved by an evaluation service member of ICC-ES, 

OSHPD, or an agency acceptable to authorities having jurisdiction providing required submittals for 
component. 

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

L. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to structure at flanges 
of beams, at upper truss chords of bar joists, or at concrete members. 
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M. Drilled-in Anchors: 
1. Identify position of reinforcing steel and other embedded items prior to drilling holes for 

anchors.  Do not damage existing reinforcing or embedded items during coring or drilling. Notify 
the structural engineer if reinforcing steel or other embedded items are encountered during 
drilling.  Locate and avoid prestressed tendons, electrical and telecommunications conduit, and 
gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved full 
design strength. 

3. Wedge Anchors:  Protect threads from damage during anchor installation.  Heavy-duty sleeve 
anchors shall be installed with sleeve fully engauged in the structural element to which anchor is 
to be fastened. 

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

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

3.03 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 
A. Install flexible connections in piping where they cross seismic joints, where adjacent sections or 

branches are supported by different structural elements, and where the connections terminate with 
connection to equipment that is anchored to a different structural element from the one supporting the 
connections as they approach equipment.  Comply with requirements in Division 15 Section "Hydronic 
Piping" for piping flexible connections. 

3.04 FIELD QUALITY CONTROL 
A. Inspect isolated equipment after installation and submit report.  Include static deflections. B. Test 

and Inspections: 
1. Provide evidence of recent calibration of test equipment by a testing agency acceptable to 
authorities having jurisdiction.  
2. Schedule test with Owner, through Architect, before connecting anchorage device to restrained 

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

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

4. Test at least four of each type and size of installed anchors and fasteners selected by Architect. 
5. Test to 90 percent of rated proof load of device. 
6. Measure isolator restraint clearance. 
7. Measure isolator deflection. 
8. Verify snubber minimum clearances. 
9. If a device fails test, modify all installations of same type and retest until satisfactory results are 

achieved. 
 

 

END OF SECTION 
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SECTION 23 05 53 
IDENTIFICATION FOR HVAC AND PLUMBING PIPING AND EQUIPMENT 

 

PART 1 GENERAL 
1.01  SECTION INCLUDES  

A. Nameplates. 
B. Tags. 
C. Stencils. 
D. Pipe Markers. 

1.02 RELATED REQUIREMENTS 
A. Section 099000 - Painting and Coating:  Identification painting. 

1.03 REFERENCE STANDARDS 
A. ASME A13.1 - Scheme for the Identification of Piping Systems; The American Society of Mechanical 

Engineers; 2007. 
B. ASTM D709 - Standard Specification for Laminated Thermosetting Materials; 2001 (Reapproved 2007). 

1.04 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. List:  Submit list of wording, symbols, letter size, and color coding for mechanical identification. 
C. Chart and Schedule:  Submit valve chart and schedule, including valve tag number, location, function, 

and valve manufacturer's name and model number. 
D. Product Data:  Provide manufacturers catalog literature for each product required. 
E. Manufacturer's Installation Instructions:  Indicate special procedures, and installation. F. Project Record 

Documents:  Record actual locations of tagged valves. 
G. Valve numbering scheme. 
H. Valve Schedules:  For each piping system.  Furnish extra copies (in addition to mounted copies) to 

include in maintenance manuals. 
 

PART 2 PRODUCTS 
2.01 IDENTIFICATION APPLICATIONS 

A. Air Handling Units (Heat Pumps):  Nameplates. 
B. Air Terminal Units:  Tags. 
C. Automatic Controls:  Tags. Key to control schematic.  
D. Control Panels:  Nameplates. 
E. Dampers:  Ceiling tacks, where located above lay-in ceiling.  
F. Ductwork:  Nameplates. 
G. Heat Transfer Equipment:  Nameplates.  
H. Instrumentation:  Tags. 
I. Major Control Components:  Nameplates.  
J. Piping:  Pipe markers. 
K. Pumps:  Nameplates.  
L. Relays:  Tags. 
M.    Small-sized Equipment:  Tags. 
N. Tanks:  Nameplates. 
O. Thermostats:  Nameplates. 
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P. Valves:  Tags and ceiling tacks where located above lay-in ceiling.  
Q. Water Treatment Devices:  Nameplates. 

2.02 EQUIPMENT IDENTIFICATION DEVICES 
A. Equipment Nameplates:  Metal, with data engraved or stamped, for permanent attachment on 

equipment. 
1. Data: 

a. Manufacturer, product name, model number, and serial number.   
b. Capacity, operating and power characteristics, and essential data.  
c. Labels of tested compliances. 

2. Location:  Accessible and visible. 
3. Fasteners:  As required to mount on equipment. 

B. Equipment Markers:  Engraved, color-coded laminated plastic. Include contact-type, permanent 
adhesive. 
1. Terminology:  Match schedules as closely as possible. 
2. Data: 

a. Name and plan number.  
b. Equipment service. 
c. Design capacity. 
d. Other design parameters such as pressure drop, entering and leaving conditions, and 

speed. 
3. Size:  2-1/2 by 4 inches (64 by 100 mm) for control devices, dampers, and valves; 4-1/2 by 6 

inches (115 by 150 mm) for equipment. 
C. Equipment Signs:  ASTM D 709, Type I, cellulose, paper-base, phenolic-resin-laminate engraving stock; 

Grade ES-2, black surface, black phenolic core, with white melamine subcore, unless otherwise 
indicated.  Fabricate in sizes required for message.  Provide holes for mechanical fastening. 
1. Data:  Instructions for operation of equipment and for safety procedures. 
2. Engraving:  Manufacturer's standard letter style, of sizes and with terms to match equipment 

identification. 
3. Thickness: 1/8 inch (3.2 mm), unless otherwise indicated. 
4. Retain and edit subparagraph above or first subparagraph below. 
5. Fasteners:  Self-tapping, stainless-steel screws or contact-type, permanent adhesive. 

D. Access Panel and Door Markers:  1/16-inch- (1.6-mm-) thick, engraved laminated plastic with white 
letters on a red background, with abbreviated terms and numbers corresponding to identification.  
Provide 1/8-inch (3.2-mm) center hole for attachment.  Letters shall be no less than ¾ inches in height. 
1. Fasteners:  Self-tapping, stainless-steel screws or contact-type, permanent adhesive. 

2.03 PIPING IDENTIFICATION DEVICES 
A. Do not use pipe markers or plastic tapes for bare pipes conveying fluids at temperatures of 125 deg F 

(52 deg C) or higher. 
B. Manufactured Pipe Markers, General:  Preprinted, color-coded, with lettering indicating service, and 

showing direction of flow. 
1. Colors:  Comply with ASME A13.1, unless otherwise indicated. 
2. Pipes with OD, Including Insulation, 6 Inches (150 mm) and Larger:  Either full-band or strip-type 

pipe markers at least three times letter height and of length required for label. 
3. Arrows: Separate unit on each pipe marker to indicate direction of flow. 
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C. Pretensioned Pipe Markers:  Precoiled semirigid plastic formed to cover full circumference of pipe and 
to attach to pipe without adhesive. 

2.04 DUCT IDENTIFICATION DEVICES 
A. Duct Markers: Engraved, color-coded laminated plastic. Include direction and quantity of airflow and 

duct service (such as supply, return, and exhaust).  Include contact-type, permanent adhesive. 
2.05 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 3/4-inch letters for piping system abbreviation and 
1-inch (13-mm) numbers, with numbering scheme approved by owner. Provide 5/32-inch (4-mm) hole 
for fastener. 
1. Retain one of first three subparagraphs below. 
2. Material:  0.032-inch- (0.8-mm-) thick brass. 
3. Valve-Tag Fasteners:  Brass S-hook. 

2.06 VALVE SCHEDULES 
A. Valve Schedules:  For each piping system, on standard-size bond paper. Tabulate valve number, piping 

system, system abbreviation (as shown on valve tag), location of valve (room or space), normal-
operating position (open, closed, or modulating), and variations for identification.  Mark valves for 
emergency shutoff and similar special uses. 
1. Valve-Schedule Frames:  Glazed display frame for removable mounting on masonry walls for 

each page of valve schedule.  Include mounting screws. 
2. Frame:  Extruded aluminum. 
3. Glazing:  ASTM C 1036, Type I, Class 1, Glazing Quality B, 2.5-mm, single-thickness glass. 

2.07 WARNING TAGS 
A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags; of plasticized card stock 

with matte finish suitable for writing. 
1. Size:  Approximately 4 by 7 inches (100 by 178 mm). 
2. Fasteners:  Brass grommet and wire. 
 3. Nomenclature:  Large-size primary caption such as DANGER, CAUTION, or DO NOT OPERATE. 
4. Color:  Yellow background with black lettering. 
 

PART 3 EXECUTION 
3.01 PREPARATION 

A. Degrease and clean surfaces to receive adhesive for identification materials. 
3.02 APPLICATIONS, GENERAL 

A.    Products specified are for applications referenced in other Division 15 Sections.  If more than single-type 
material, device, or label is specified for listed applications, selection is Installer's option. 

3.03 EQUIPMENT IDENTIFICATION 
A. Install and permanently fasten equipment nameplates on each major item of mechanical equipment 

that does not have nameplate or has nameplate that is damaged or located where not easily visible.  
Locate nameplates where accessible and visible. Include nameplates for the following general 
categories of equipment: 
1. Pumps, condensers, and similar motor-driven units. 
2. Heat exchangers, coils, evaporators, heat (energy) recovery units, and similar equipment. 
3. Fans, blowers, primary balancing dampers, and mixing boxes. 
4. Packaged HVAC central-station and zone-type units. 
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B.    Install equipment markers with permanent adhesive on or near each major item of mechanical 
equipment.  Data required for markers may be included on signs, and markers may be omitted if both 
are indicated. 
1. Letter Size:  Minimum 3/4 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and 

proportionately larger lettering for greater viewing distances.  Include secondary lettering two-
thirds to three-fourths the size of principal lettering. 

2. Data:  Distinguish among multiple units, indicate operational requirements, indicate safety and 
emergency precautions, warn of hazards and improper operations, and identify units. 

3. Locate markers where accessible and visible.  Include markers for the following general 
categories of equipment: 
a. Main control and operating valves, including safety devices.  
b. Fire department hose valves and hose stations. 
c. Meters, gauges, thermometers, and similar units. 
d. Pumps, condensers, and similar motor-driven units. 
e. Heat exchangers, coils, evaporators, heat (energy) recovery units, and similar 

equipment. 
f. Fans, blowers, primary balancing dampers, and mixing boxes. g. Packaged HVAC central-

station and zone-type units.  
h. Tanks and pressure vessels. 
i. Strainers, filters, water-treatment systems, and similar equipment.  

C. Delete paragraph below if stenciled markers are prohibited. 
D. Install access panel markers with screws on equipment access panels. 
E. Equipment located above ceiling system shall be clearly marked on the ceiling tile or access panel 

directly below the mechanical equipment. 
3.04 PIPING IDENTIFICATION 

A. Do not use pipe markers and tapes for bare pipes conveying fluids at temperatures of 125 deg F (52 deg 
C) or higher. 

B. Install manufactured pipe markers indicating service on each piping system.  Install with flow indication 
arrows showing direction of flow. 
1. Pipes without insulation:  Pretensioned pipe markers.  Use size to ensure a tight fit. C. Retain 

subparagraph above or first subparagraph below. 
3.05 Retain subparagraph above or below. 

A. Delete paragraph and subparagraphs below if stenciled markers are prohibited. 
3.06 Edit paragraph and subparagraphs below to suit Project. 

A. Locate pipe markers and color bands where piping is exposed in finished spaces; above removable 
acoustical ceiling systems; machine rooms; accessible maintenance spaces such as shafts, tunnels, and 
plenums; and exterior nonconcealed locations as follows: 
1. Near each valve and control device. 
2. Near each branch connection, excluding short takeoffs for fixtures and terminal units. Where 

flow pattern is not obvious, mark each pipe at branch. 
3. Near penetrations through walls, floors, ceilings, and nonaccessible enclosures. 
4. At access doors, manholes, and similar access points that permit view of concealed piping. 
5. Near major equipment items and other points of origination and termination. 
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6. Spaced at maximum intervals of 20 feet along each run and on each side of a wall or deck 
penetration. 

7. On piping above removable acoustical ceilings. 
3.07 DUCT IDENTIFICATION 

A. Install duct markers with permanent adhesive on air ducts in the following color codes: 
1. Blue:  For cold-air supply ducts. 
2. Green:  For return-air supply ducts. 
3. Yellow: For exhaust-, outside-, relief-, and mixed-air ducts. 
4. ASME A13.1 Colors and Designs:  For hazardous material exhaust. 
5. Letter Size:  Minimum 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and 

proportionately larger lettering for greater viewing distances.  Include secondary lettering two-
thirds to three-fourths the size of principal lettering. 

B. Delete first paragraph below if stenciled markers are prohibited. 
C. Locate markers near points where ducts enter into concealed spaces and at maximum intervals of 25 

feet in each space where ducts are exposed or concealed by removable ceiling system. 
3.08 VALVE-TAG INSTALLATION 

A.    Edit this Article as required to delete an entire piping system from tagging or otherchanges. A schedule 
is helpful for complex projects. Retain and edit first paragraph below if a schedule is prepared. 

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

C. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color scheme and with 
captions similar to those indicated in the following: 
1. Other valve-tag sizes, shapes, colors, and letter colors may be available if required. 
2. Valve-Tag Size and Shape: 

a. Cold Water: 2 inches (50 mm), round.  
b. Hot Water: 2 inches (50 mm), round. 
c. Fire Protection: 2 inches (50 mm), round.  
d. Sanitary:  2 inches (50 mm), round. 

3. Select contrasting valve-tag color and letter color for each service in two subparagraphs and 
associated subparagraphs below. 

4. Valve-Tag Color: 
a. Cold Water: Natural. 
b. Hot Water: Natural. 
c. Fire Protection: Natural.  
d. Sanitary:  Natural. 

5. Letter Color: 
a. Cold Water:  Black.  
b. Hot Water:  Black. 
c. Fire Protection:  White.  
d. Sanitary:  Black. 

3.09 VALVE-SCHEDULE INSTALLATION 
A. Mount valve schedule on wall in accessible location in each major equipment room. 



      
 
 
 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 328 
IDENTIFICATION FOR HVAC AND PLUMBING PIPING AND EQUIPMENT                  23 05 53 

3.10  WARNING-TAG INSTALLATION 
A. Write required message on, and attach warning tags to, equipment and other items where required. 

3.11  ADJUSTING 
A. Relocate mechanical identification materials and devices that have become visually blocked by other 

work. 
 

 

END OF SECTION 
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SECTION 23 05 93 
TESTING, ADJUSTING, AND BALANCING FOR HVAC 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Testing, adjustment, and balancing of air systems. 
B. Testing, adjustment, and balancing of  hydronic systems. 
C. Measurement of final operating condition of HVAC systems. 

1.02 RELATED REQUIREMENTS 
1.03 REFERENCE STANDARDS 

A. AABC MN-1 - AABC National Standards for Total System Balance; Associated Air Balance Council; 2002. 
B. ASHRAE Std 111 - Practices for Measurement, Testing, Adjusting and Balancing of Building Heating, 

Ventilation, Air-Conditioning, and Refrigeration Systems; American Society of Heating, Refrigerating and 
Air-Conditioning Engineers, Inc. 

C. NEBB (TAB) - Procedural Standards for Testing Adjusting Balancing of Environmental Systems; National 
Environmental Balancing Bureau; 2005, Seventh Edition. 

D. SMACNA (TAB) - HVAC Systems Testing, Adjusting, and Balancing; Sheet Metal and Air Conditioning 
Contractors' National Association; 2002. 

1.04 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Qualifications:  Submit name of adjusting and balancing agency and TAB supervisor for approval within 

30 days after award of Contract. 
C. TAB Plan:  Submit a written plan indicating the testing, adjusting, and balancing standard to be followed 

and the specific approach for each system and component. 
1. Submit to Owner. 
2. Submit six weeks prior to starting the testing, adjusting, and balancing work. 
3. Include certification that the plan developer has reviewed the contract documents, the 

equipment and systems, and the control system with the Owner and other installers to 
sufficiently understand the design intent for each system. 

4. Include at least the following in the plan: 
a. List of all air flow, water flow, sound level, system capacity and efficiency measurements 

to be performed and a description of specific test procedures, parameters, formulas to 
be used. 

b. Copy of field checkout sheets and logs to be used, listing each piece of equipment to be 
tested, adjusted and balanced with the data cells to be gathered for each. 

c. Discussion of what notations and markings will be made on the duct and piping 
drawings during the process. 

d. Final test report forms to be used. 
e. Detailed step-by-step procedures for TAB work for each system and issue, including: 

1) Terminal flow calibration (for each terminal type). 
2) Diffuser proportioning. 
3) Branch/submain proportioning. 
4) Total flow calculations. 
5) Rechecking. 
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6) Diversity issues. 
f. Expected problems and solutions, etc. 
g. Criteria for using air flow straighteners or relocating flow stations and sensors; 

analogous explanations for the water side. 
h. Details of how TOTAL flow will be determined; for example: 

1)     Air:  Sum of terminal flows via control system calibrated readings or via hood 
readings of all terminals, supply (SA) and return air (RA) pitot traverse, SA or RA 
flow stations. 

2) Water:  Pump curves, circuit setter, flow station, ultrasonic, etc. 
i. Specific procedures that will ensure that both air and water side are 

operating at the lowest possible pressures and methods to verify this. 
j. Confirmation of understanding of the outside air ventilation criteria under all 

conditions. 
k. Method of checking building static and exhaust fan and/or relief damper capacity. l.

 Time schedule for TAB work to be done in phases (by system, etc.) 
m.   Time schedule for deferred or seasonal TAB work, if specified.  
n. False loading of systems to complete TAB work, if specified. 
o. Fan balancing and capacity verifications, including any required room pressure 

differentials. 
p. Procedures for field technician logs of discrepancies, deficient or uncompleted work by 

others, contract interpretation requests and lists of completed tests (scope and 
frequency). 

q. Procedures for formal progress reports, including scope and frequency. 
r. Procedures for formal deficiency reports, including scope, frequency and distribution. 

D. Field Logs:  Submit at least once a week to Construction Manager and /or Owner. 
E.     Control System Coordination Reports:  Communicate in writing to the controls installer all setpoint and 

parameter changes made or problems and discrepancies identified during TAB that affect, or could 
affect, the control system setup and operation. 

F. Progress Reports. 
G. Final Report:  Indicate deficiencies in systems that would prevent proper testing, adjusting, and 

balancing of systems and equipment to achieve specified performance. 
1. Submit under provisions of Section 014000. 
2. Revise TAB plan to reflect actual procedures and submit as part of final report. 
3. Submit draft copies of report for review prior to final acceptance of Project.  Provide final copies 

for Architect and for inclusion in operating and maintenance manuals. 
4. Include actual instrument list, with manufacturer name, serial number, and date of calibration. 
5. Form of Test Reports:  Where the TAB standard being followed recommends a report format 

use that; otherwise, follow ASHRAE Std 111. 
6. Units of Measure:  Report data in I-P (inch-pound) units only. PART 2 PRODUCTS - NOT USED 
 

PART 3 EXECUTION 
3.01 GENERAL REQUIREMENTS 

A. Perform total system balance in accordance with one of the following: 
1. AABC MN-1, AABC National Standards for Total System Balance. 
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2. NEBB Procedural Standards for Testing Adjusting Balancing of Environmental Systems. 
3. SMACNA HVAC Systems Testing, Adjusting, and Balancing. 

B. Begin work after completion of systems to be tested, adjusted, or balanced and complete work prior to 
Substantial Completion of the project. 

C. Where HVAC systems and/or components interface with life safety systems, including fire and smoke 
detection, alarm, and control, coordinate scheduling and testing and inspection procedures with the 
authorities having jurisdiction 

D. TAB Agency Qualifications: 
1. Company specializing in the testing, adjusting, and balancing of systems specified in this section. 
2. Having minimum of three years documented experience. 
3. Certified by one of the following: 

a. AABC, Associated Air Balance Council:  www.aabchq.com; upon completion submit 
AABC National Performance Guaranty. 
b. NEBB, National Environmental Balancing Bureau:  www.nebb.org. 
c. TABB, The Testing, Adjusting, and Balancing Bureau of National Energy Management 

Institute:  www.tabbcertified.org. 
E. TAB Supervisor and Technician Qualifications:  Certified by same organization as TAB agency. 

3.02 EXAMINATION 
A. Verify that systems are complete and operable before commencing work.  Ensure the following 

conditions: 
1. Systems are started and operating in a safe and normal condition. 
2. Temperature control systems are installed complete and operable. 
3. Proper thermal overload protection is in place for electrical equipment. 
4. Final filters are clean and in place. If required, install temporary media in addition to final 

filters. 
5. Duct systems are clean of debris. 
6. Fans are rotating correctly. 
7. Fire and volume dampers are in place and open. 
8. Air coil fins are cleaned and combed. 
9. Access doors are closed and duct end caps are in place. 
10.   Air outlets are installed and connected. 
11.   Duct system leakage is minimized. 
12.   Hydronic systems are flushed, filled, and vented. 
13.   Pumps are rotating correctly. 
14.   Proper strainer baskets are clean and in place. 
15.   Service and balance valves are open. 

B. Submit field reports. Report defects and deficiencies that will or could prevent proper system balance. 
C. Beginning of work means acceptance of existing conditions. 

3.03 PREPARATION 
A. Hold a pre-balancing meeting at least one week prior to starting TAB work. 

1. Require attendance by all installers whose work will be tested, adjusted, or balanced. 
B. Provide instruments required for testing, adjusting, and balancing operations.  Make instruments 

available to Owner to facilitate spot checks during testing. 
C. Provide additional balancing devices as required. 

http://www.nebb.org/
http://www.tabbcertified.org/
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3.04 ADJUSTMENT TOLERANCES 
A. Air Handling Systems:  Adjust to within plus or minus 5 percent of design for supply systems and plus or 

minus 5 percent of design for return and exhaust systems. 
B. Air Outlets and Inlets:  Adjust total to within plus 10 percent and minus 5 percent of design to space.  

Adjust outlets and inlets in space to within plus or minus 10 percent of design. 
C. Hydronic Systems:  Adjust to within plus or minus 10 percent of design. 

3.05 RECORDING AND ADJUSTING 
A. Field Logs:  Maintain written logs including: 

1. Running log of events and issues. 
2. Discrepancies, deficient or uncompleted work by others. 
3. Contract interpretation requests. 
4. Lists of completed tests. 

B. Ensure recorded data represents actual measured or observed conditions. 
C. Permanently mark settings of valves, dampers, and other adjustment devices allowing settings to be 

restored.  Set and lock memory stops. 
D. Mark on the drawings the locations where traverse and other critical measurements were taken and 

cross reference the location in the final report. 
E. After adjustment, take measurements to verify balance has not been disrupted or that such disruption 

has been rectified. 
F. Leave systems in proper working order, replacing belt guards, closing access doors, closing doors to 

electrical switch boxes, and restoring thermostats to specified settings. 
G. At final inspection, recheck random selections of data recorded in report.  Recheck points or areas as 

selected and witnessed by the Owner. 
H. Check and adjust systems approximately six months after final acceptance and submit report. 

3.06 AIR SYSTEM PROCEDURE 
A. Adjust air handling and distribution systems to provide required or design supply, return, and exhaust 

air quantities at site altitude. 
B. Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional area of duct. 
C. Measure air quantities at air inlets and outlets. 
D. Adjust distribution system to obtain uniform space temperatures free from objectionable drafts and 

noise. 
E. Use volume control devices to regulate air quantities only to extend that adjustments do not create 

objectionable air motion or sound levels. Effect volume control by duct internal devices such as 
dampers and splitters. 

F. Vary total system air quantities by adjustment of fan speeds.  Provide drive changes required. Vary 
branch air quantities by damper regulation. 

G. Provide system schematic with required and actual air quantities recorded at each outlet or inlet. 
H. Measure static air pressure conditions on air supply units, including filter and coil pressure drops, and 

total pressure across the fan.  Make allowances for 50 percent loading of filters. 
I. Adjust outside air automatic dampers, outside air, return air, and exhaust dampers for design 

conditions. 
J. Measure temperature conditions across outside air, return air, and exhaust dampers to check leakage. 
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K. Where modulating dampers are provided, take measurements and balance at extreme conditions.  
Balance variable volume systems at maximum air flow rate, full cooling, and at minimum air flow rate, 
full heating. 

L. Measure building static pressure and adjust supply, return, and exhaust air systems to provide required 
relationship between each to maintain approximately 0.05 inches positive static pressure near the 
building entries. 

3.07 WATER SYSTEM PROCEDURE 
A. Adjust water systems to provide required or design quantities. 
B. Use calibrated Venturi tubes, orifices, or other metered fittings and pressure gauges to determine flow 

rates for system balance. Where flow metering devices are not installed, base flow balance on 
temperature difference across various heat transfer elements in the system. 

C. Adjust systems to provide specified pressure drops and flows through heat transfer elements prior to 
thermal testing.  Perform balancing by measurement of temperature differential in conjunction with air 
balancing. 

D. Effect system balance with automatic control valves fully open to heat transfer elements. 
E. Effect adjustment of water distribution systems by means of balancing cocks, valves, and fittings. Do 

not use service or shut-off valves for balancing unless indexed for balance point. 
F. Where available pump capacity is less than total flow requirements or individual system parts, full flow 

in one part may be simulated by temporary restriction of flow to other parts. 
3.08 TEMPERATURE CONTROL VERIFICATION 

A. A. Verify that controllers are calibrated and commissioned 
B. B. Check transmitter and controller locations and note conditions that would adversely affect control 

functions 
C. Record controller settings and note variances between set points and actual measurements.  
D. Verify operation of limiting controllers (i.e., high- and low-temperature controllers). 
E. F. Verify sequence of operation of control devices. Note air pressures and device positions and 

correlate with airflow and water-flow measurements.  Note the speed of response to input changes. 
F. G. Confirm interaction of electrically operated switch transducers 
G. H. Confirm interaction of interlock and lockout systems 
H. K. Note operation of electric actuators using spring return for proper fail-safe operations 

3.09 ADDITIONAL TESTS 
A. A. Within 90 days of completing testing, adjusting, and balancing, perform additional testing and 

balancing to verify that balanced conditions are being maintained throughout and to correct unusual 
conditions 

B. B. Seasonal Periods:  If initial testing, adjusting, and balancing procedures were not performed during 
near-peak summer and winter conditions, perform additional inspections, testing, and adjusting during 
near-peak summer and winter conditions 

3.10  SCOPE 
A. Test, adjust, and balance the following: 

1. Fire Pumps 
2. Plumbing Pumps 
3. HVAC Pumps 
4. Packaged Terminal Air Conditioning Units (Heat Pump System) 
5. Fans 
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6. Air Terminal Units 
7. Air Inlets and Outlets 
 
 

END OF SECTION
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SECTION 23 07 13 
 DUCT INSULATION 

PART 1 GENERAL 
1.01 SECTION INCLUDES  

A. Duct insulation 
B. Duct Liner. 
C. Insulation jackets. 

1.02 RELATED REQUIREMENTS 
A. Section 016116 - Volatile Organic Compound (VOC) Content Restrictions.  
B. Section 230553 - Identification for HVAC Piping and Equipment 
C. Section 233100 - HVAC Ducts and Casings:  Glass fiber ducts. 

1.03 REFERENCE STANDARDS 
A. ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by 

Means of the Heat Flow Meter Apparatus; 2010. 
B. ASTM C553 - Specification for Mineral Fiber Blanket Thermal Insulation for Commercial and Industrial 

Applications; 2011. 
C. ASTM C916 - Standard Specification for Adhesives for Duct Thermal Insulation; 1985 (Reapproved 2007). 
D. ASTM C1338 - Standard Test Method for Determining Fungi Resistance of Insulation Materials and 

Facings; 2008. 
E. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials 2012 
F. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2010.  
G. NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materials; National 

Fire Protection Association; 2006. 
H. SMACNA (DCS) - HVAC Duct Construction Standards; Sheet Metal and Air Conditionin Contractors' 

National Association; 2005. 
I. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Underwriters 

Laboratories Inc.; Current Edition, Including All Revisions. 
1.04 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide product description, thermal characteristics, list of materials and thickness for 

each service, and locations. 
C. Manufacturer's Instructions:  Indicate installation procedures necessary to ensure acceptable 

workmanship and that installation standards will be achieved. 
1.05 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing products of the type specified in 
this section with not less than three years of documented experience. 

B. Applicator Qualifications:  Company specializing in performing the type of work specified in this section, 
with minimum 3 years of experience and approved by manufacturer. 

1.06 DELIVERY, STORAGE, AND HANDLING 
A. Accept materials on site in original factory packaging, labelled with manufacturer's identification, 

including product density and thickness. 
B. Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical damage, 

by storing in original wrapping. 
1.07 FIELD CONDITIONS 
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A. Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics, and 
insulation cements. 

B. Maintain temperature during and after installation for minimum period of 24 hours. 
 

PART 2 PRODUCTS 
2.01 REQUIREMENTS FOR ALL PRODUCTS OF THIS SECTION 

A. Surface Burning Characteristics:  Flame spread/Smoke developed index of 25/50, maximum, when 
tested in accordance with ASTM E 84, NFPA 255, or UL 723. 

2.02 Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber materials. 
Comply with ASTM C 534, Type II for sheet materials. 
A. Adhesive:  As recommended by insulation material manufacturer. 
B. Ultraviolet-Protective Coating:  As recommended by insulation manufacturer. 

2.03 FIELD-APPLIED JACKETS 
A. Insulation jackets below are for field applications.  Ignore below if jackets are factory applied. ASTM C 

921, Type 1, is for use over insulation on ducts operating below ambient temperatures at least part of 
the time or for where a vapor retarder is required.  ASTM C 921, Type II, is for use over insulation on 
ducts operating above ambient temperatures or for where a vapor retarder is not required. 

B. General:  ASTM C 921, Type 1, unless otherwise indicated. 
C. PVC Jacket:  High-impact, ultraviolet-resistant PVC; 20 mils thick; roll stock ready for shop or field cutting 

and forming. 
1. Adhesive:  As recommended by insulation material manufacturer. 
2. PVC jackets are available in several colors.  Colored jackets may be used to replace field 

painting.  PVC Jackets to be White or Gray. 
D. Aluminum Jacket:  Deep corrugated sheets manufactured from aluminum alloy complying with ASTM B 

209, and having an integrally bonded moisture barrier over entire surface in contact with insulation.  
Metal thickness and corrugation dimensions are scheduled at the end of this Section. 
1. Select finish from subparagraphs below. Verify with manufacturer. 
2. Finish:  Smooth finish. 
3. Verify that moisture barrier in subparagraph below is adequate for corrosive atmospheres. 
4. Moisture Barrier:  1-mil thick, heat-bonded polyethylene and kraft paper. 

E. Stainless-Steel Jacket:  Deep corrugated sheets of stainless steel complying with ASTM A 666, Type 304 
or 316; 0.10 inch thick; and roll stock ready for shop or field cutting and forming to indicated sizes. 
1. Select from two moisture barriers below. Features are from Pabco jackets. The first moisture 

barrier is standard and is for corrosive atmospheres; the second moisture barrier is optional and 
produces lower flame-spread and smoke-developed ratings. 

2. Moisture Barrier:  3-mi thick, heat-bonded polyethylene and kraft paper. 
3. Jacket Bands:  Stainless steel, Type 304, 3/4 inch wide. 

F. Fiberglass Jacket: ASTM C1258 - 08, UL-214 and UL-723; 0.035” thick, 18 oz./sq. yard; flame spread 
rating 0; smoke spread rating 0. 

2.04 ACCESSORIES AND ATTACHMENTS 
A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape. Woven glass-

fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd. 
1. Tape Width:  4 inches. 

B. Bands:  3/4 inch wide, in one of the following materials compatible with jacket: 
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1. Stainless Steel:  ASTM A 666, Type 304; 0.020 inch thick. 
2. Aluminum:  0.007 inch thick. 
3. Brass:  0.010 inch thick. 
4. Nickel-Copper Alloy:  0.005 inch thick. 

 C. Wire:  0.080-inch, nickel-copper alloy; 0.062-inch, soft-annealed, stainless steel; or 0.062-inch, soft-
annealed, galvanized steel. 

D. Select from three paragraphs below. 
E. Adhesive-Attached Anchor Pins and Speed Washers:  Galvanized steel plate, pin, and washer 

manufactured for attachment to duct and plenum with adhesive.  Pin length sufficient for insulation 
thickness indicated. 
1. Adhesive:  Recommended by the anchor pin manufacturer as appropriate for surface 

temperatures of ducts, plenums, and breechings; and to achieve a holding capacity of 100 lb for 
direct pull perpendicular to the adhered surface. 

2.05 ADHESIVES 
A. Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, Type II, Class I. 

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

B. ASJ Adhesive, and FSK and PVDC Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for 
bonding insulation jacket lap seams and joints. 
1. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
C. PVC Jacket Adhesive:  Compatible with PVC jacket. 

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

2.06 VAPOR RETARDERS 
A. Products with a perm rating of 1.0 are considered vapor retarders.  Ambient conditions and operating 

temperatures must be considered when selecting a vapor retarder. 
B. Mastics:  Materials shall be compatible with insulation materials, jackets, and substrates; comply with 

MIL-C-19565C, Type II. 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
2.07 LAGGING ADHESIVES 

A. Description:  Comply with MIL-A-3316C Class I, Grade A and shall be compatible with insulation 
materials, jackets, and substrates 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
2.08 SEALANTS 

A. Joint Sealants 
1. Joint Sealants for Polystyrene Products: For indoor applications, use sealants that have a VOC content of 

250 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
B. FSK and Metal Jacket Flashing Sealants 

1. For indoor applications, use sealants that have a VOC content of 250 g/L or less when calculated 
according to 40 CFR 59, Subpart D (EPA Method 24). 

C. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants 
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1. For indoor applications, use sealants that have a VOC content of 250 g/L or less when calculated 
according to 40 CFR 59, Subpart D (EPA Method 24). 

2.09 DUCT LINER 
A. Flexible Elastomeric Duct Liner:  Comply with NFPA 90A or NFPA 90B. 

1. Manufacturers: 
a. Armacell 
b. KFlex USA 

2. Materials:  Unicellular polyethylene thermal plastic, preformed sheet insulation complying with 
ASTM C 534, Type II, except for density. 
a. Thickness:  3/8 inch (9 mm) or 1/2 inch (13 mm 
b. Thermal Conductivity (k-Value):  0.25 at 75 deg F mean temperature. C Fire-Hazard 

Classification:  Maximum flame-spread index of 25 and smoke-developed index of 50 
when tested according to ASTM C 411. 

d. Liner Adhesive:  As recommended by insulation manufacturer and complying wit NFPA 
90A or NFPA 90B. 

 
PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that ducts have been tested before applying insulation materials.  
B. Verify that surfaces are clean, foreign material removed, and dry. 

3.02 GENERAL APPLICATION REQUIREMENTS 
A. Apply insulation materials, accessories, and finishes according to the manufacturer's written 

instructions; with smooth, straight, and even surfaces; and free of voids throughout the length of ducts 
and fittings. 

B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for 
each duct system. 

C. Use accessories compatible with insulation materials and suitable for the service.  Use accessories that 
do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state. 

D. Apply multiple layers of insulation with longitudinal and end seams staggered. 
E. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor retarder. 
F. Keep insulation materials dry during application and finishing. 
G. Apply insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive 

recommended by the insulation material manufacturer. 
H. Apply insulation with the least number of joints practical. 
I. Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder integrity, 

unless otherwise indicated. 
J. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at hangers, 

supports, anchors, and other projections with vapor-retarder mastic.  Apply insulation continuously 
through hangers and around anchor attachments. 

K. Insulation Terminations:  For insulation application where vapor retarders are indicated, seal ends with 
a compound recommended by the insulation material manufacturer to maintain vapor retarder. 

L. Apply insulation with integral jackets as follows: 
1. Pull jacket tight and smooth. 
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2. Joints and Seams:  Cover with tape and vapor retarder as recommended by insulation material 
manufacturer to maintain vapor seal. 

3. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams and joints 
and at ends adjacent to duct flanges and fittings. 

M.    Cut insulation according to manufacturer's written instructions to prevent compressing insulation to less 
than 75 percent of its nominal thickness. 

N. Install vapor-retarder mastic on ducts and plenums scheduled to receive vapor retarders. 
1. Ducts with Vapor Retarders:  Overlap insulation facing at seams and seal with vapor-retarder 

mastic and pressure-sensitive tape having same facing as insulation. Repair punctures, tears, 
and penetrations with tape or mastic to maintain vapor-retarder seal. 

2. Ducts without Vapor Retarders:  Overlap insulation facing at seams and secure with outward 
clinching staples and pressure-sensitive tape having same facing as insulation. 

O. Interior Wall and Partition Penetrations:  Apply insulation continuously through walls and partitions, 
except fire-rated walls and partitions. 

P. Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire/smoke damper sleeves for fire-
rated wall and partition penetrations. 

Q. Floor Penetrations:  Terminate insulation at underside of floor assembly and at floor support at top of 
floor. 
1. For insulation indicated to have vapor retarders, taper termination and seal insulation ends with 

vapor-retarder mastic. 
3.03  FLEXIBLE ELASTOMERIC THERMAL INSULATION APPLICATION  

A. Apply insulation to ducts and plenums as follows: 
1. Follow the manufacturer's written instructions for applying insulation. 
2. Seal longitudinal seams and end joints with manufacturer's recommended adhesive. Cement to 

avoid openings in insulation that will allow passage of air to the duct and plenum surface. 
3.04 FIELD-APPLIED JACKET APPLICATION 

A. Apply glass-cloth jacket, where indicated, directly over bare insulation or insulation with factory-applied 
jackets. 
1. Apply jacket smooth and tight to surface with 2-inch overlap at seams and joints. 
2. Embed glass cloth between two 0.062-inch thick coats of jacket manufacturer's recommended 

adhesive. 
3. Completely encapsulate insulation with jacket, leaving no exposed raw insulation. 

3.05 FINISHES 
A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of insulation 

manufacturer's recommended protective coating. 
B. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual inspection of the 

completed Work. 
3.06 DUCT SYSTEM APPLICATIONS 

A. Insulation materials and thicknesses are specified in schedules at the end of this Section. 
B. Materials and thicknesses for systems listed below are specified in schedules at the end of this Section. 
C. Insulate the following plenums and duct systems: 

1. Indoor concealed supply, and outside-air ductwork. 
2. Indoor exposed supply, and outside-air ductwork. 
3. Indoor exposed range-hood exhaust ductwork. 
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4. Indoor concealed range-hood exhaust ductwork. 
5. ERV exhaust ductwork. 

D. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to the following systems, 
materials, and equipment: 
1. Fibrous-glass ducts. 
2. Factory-insulated flexible ducts. 
3. Factory-insulated plenums, casings, terminal boxes, and filter boxes and sections. 
4. Flexible connectors. 
5. Vibration-control devices. 
6. Testing agency labels and stamps. 
7. Nameplates and data plates. 
8. Insulated access panels and doors in air-distribution systems. 
 

 
END OF SECTION 
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SECTION 23 07 16 
HVAC EQUIPMENT INSULATION 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES  

A. Equipment insulation.  
B. Covering. 

1.02 RELATED REQUIREMENTS 
A. Section 230553 - Identification for HVAC Piping and Equipment. 
B. Section 232113 - Hydronic Piping:  Placement of hangers and hanger inserts.  
C. Section 232114 - Hydronic Specialties. 
D. Section 232300 - Refrigerant Piping:  Placement of inserts. 

1.03 REFERENCE STANDARDS 
A. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate; 

2010. 
B. ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal 

Transmission Properties by Means of the Guarded-Hot-Plate Apparatus; 2010. 
C. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular Thermal 

Insulation in Sheet and Tubular Form; 2011. 
D. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials 2012. 
E. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Underwriters 

Laboratories Inc.; Current Edition, Including All Revisions. 
1.04 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide product description, thermal characteristics, list of materials and thickness for 

equipment scheduled. 
1.05 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in this 
section with not less than three years of documented experience. 

1.06 DELIVERY, STORAGE, AND HANDLING 
A. Accept materials on site in original factory packaging, labeled with manufacturer's identification, 

including product density and thickness. 
B. Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical damage, 

by storing in original wrapping. 
1.07 FIELD CONDITIONS 

A. Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics, and 
insulation cements. 

B. Maintain temperature during and after installation for minimum period of 24 hours. 
 
PART 2 PRODUCTS 
2.01 REQUIREMENTS FOR ALL PRODUCTS OF THIS SECTION 

A. Surface Burning Characteristics:  Flame spread/Smoke developed index of 25/50, maximum, when 
tested in accordance with ASTM E 84, NFPA 255, or UL 723. 

2.02 MANUFACTURERS 
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A. Retain above for nonproprietary or below for semiproprietary Specification.  Refer to Division 1 Section 
"Materials and Equipment." 

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 
1. See Editing Instruction No. 1 in the Evaluations for cautions about naming products and 

manufacturers. 
2. Flexible Elastomeric Thermal Insulation: 

a. Armstrong World Industries, Inc.  
b. Rubatex Corp. 

2.03 INSULATION MATERIALS 
A. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber materials. Comply 

with ASTM C 534, Type II for sheet materials. 
1. Adhesive:  As recommended by insulation material manufacturer.  
2. Ultraviolet-Protective Coating:  As recommended by insulation manufacturer. 

2.04 FIELD-APPLIED JACKETS 
A. Insulation jackets below are for field applications.  Ignore below if jackets are factory applied. ASTM C 

921, Type 1, is for use over insulation on pipes operating below ambient temperatures at least part of 
the time or for where a vapor retarder is required.  ASTM C 921Type II, is for use over insulation on 
pipes operating above ambient temperatures or for where a vapor retarder is not required. 

B. General:  ASTM C 921, Type 1, unless otherwise indicated. 
C. PVC Jacket:  High-impact, ultraviolet-resistant PVC; 20 mils thick; roll stock ready for shop or field cutting 

and forming. 
1. PVC jackets are available in several colors.  Colored jackets may be used to replace field 

painting.  Ultraviolet rays fade colors in exterior applications.  Some colors (black, gray, and 
white) do not fade as quickly as other colors (red, orange, and green). 

D. PVC Jacket Color:  White or gray. 
E. PVC Fitting Covers:  Factory-fabricated fitting covers manufactured from .015” thick, high-impact, 

ultraviolet-resistant PVC. 
1. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, reducers, end 

caps, soil-pipe hubs, traps, mechanical joints, and P-trap and supply covers for lavatories for the 
disabled. 

F. Aluminum Jacket:  Factory cut and rolled to indicated sizes. Comply with ASTM B 209, 3003 alloy, H-14 
temper. 

G. Stainless-Steel Jacket:  ASTM A 666, Type 304 or 316; 0.10 inch thick; and factory cut and rolled to 
indicated sizes. 

H. Fiberglass Jacket: ASTM C1258 - 08, UL-214 and UL-723; 0.035” thick, 18 oz./sq. yard; flame spread 
rating 0; smoke spread rating 0. 

2.05 ACCESSORIES AND ATTACHMENTS 
A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape. Woven glass-

fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd.. 
1. Tape Width:  4 inches. 

B. Bands:  3/4 inch wide, in one of the following materials compatible with jacket: 
1. Stainless Steel:  ASTM A 666, Type 304; 0.020 inch thick. 
2. Galvanized Steel:  0.005 inch thick. 
3. Aluminum:  0.007 inch thick. 
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4. Brass:  0.010 inch thick. 
5. Nickel-Copper Alloy:  0.005 inch thick. 

C. Wire:  0.080-inch, nickel-copper alloy; 0.062-inch, soft-annealed, stainless steel; or 0.062-inch, soft-
annealed, galvanized steel. 

2.06 ADHESIVES 
A. Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, Type II, Class I. 1. For 

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

B. ASJ Adhesive, and FSK and PVDC Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for 
bonding insulation jacket lap seams and joints. 
1. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
C. PVC Jacket Adhesive:  Compatible with PVC jacket. 

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

2.07 VAPOR RETARDERS 
A. Products with a perm rating of 1.0 are considered vapor retarders.  Ambient conditions and operating 

temperatures must be considered when selecting a vapor retarder. 
B. Mastics:  Materials shall be compatible with insulation materials, jackets, and substrates; comply with 

MIL-C-19565C, Type II. 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
2.08 LAGGING ADHESIVES 

A. Description:  Comply with MIL-A-3316C Class I, Grade A and shall be compatible with insulation 
materials, jackets, and substrates 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
2.09 SEALANTS 

A. Joint Sealants 
1. Joint Sealants for Polystyrene Products: For indoor applications, use sealants that have a VOC 

content of 250 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
B. FSK and Metal Jacket Flashing Sealants 

1. For indoor applications, use sealants that have a VOC content of 250 g/L or less when calculated 
according to 40 CFR 59, Subpart D (EPA Method 24). 

C. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants 
1. For indoor applications, use sealants that have a VOC content of 250 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
2.10  REMOVEABLE COVERS 

A. Products with a perm rating of 1.0 are considered vapor retarders.  Ambient conditions and operating 
temperatures must be considered when selecting a vapor retarder. 

B. Provide preformed, rigid foam, self locking and re-sealable insulation fitting covers at all balance valve 
locations. 

 
PART 3 EXECUTION 
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3.01 INSTALLATION 
A. Install in accordance with manufacturer's instructions.  
B. Factory Insulated Equipment:  Do not insulate. 

3.02 EXAMINATION 
A. Examine substrates and conditions for compliance with requirements for installation and other 

conditions affecting performance of insulation application. 
B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.03 PREPARATION 
A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely 

affect insulation application. 
3.04 GENERAL APPLICATION REQUIREMENTS 

A. Apply insulation materials, accessories, and finishes according to the manufacturer's written 
instructions; with smooth, straight, and even surfaces; and free of voids throughout the length of 
equipment. 

B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for 
each equipment system. 

C. Use accessories compatible with insulation materials and suitable for the service.  Use accessories that 
do not corrode, soften, or otherwise attack insulation or jacket in either the wet or dry state. 

D. Apply multiple layers of insulation with longitudinal and end seams staggered. 
E. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor retarder. 
F. Keep insulation materials dry during application and finishing. 
G. Apply insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive 

recommended by the insulation material manufacturer. 
H. Apply insulation with the least number of joints practical. 
I. Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder integrity, 

unless otherwise indicated. 
J. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at hangers, 

supports, anchors, and other projections with vapor-retarder mastic.  Apply insulation continuously 
through hangers and around anchor attachments. 

K. Insulation Terminations:  For insulation application where vapor retarders are indicated, seal ends with 
a compound recommended by the insulation material manufacturer to maintain vapor retarder. 

L. Apply insulation with integral jackets as follows: 
1. Pull jacket tight and smooth. 
2. Joints and Seams:  Cover with tape and vapor retarder as recommended by insulation material 

manufacturer to maintain vapor seal. 
3. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams and joints 

and at ends adjacent to flanges and fittings. 
M.    Cut insulation according to manufacturer's written instructions to prevent compressing insulation to less 

than 75 percent of its nominal thickness. 
N. Install vapor-retarder mastic on equipment scheduled to receive vapor retarders. Overlap insulation 

facing at seams and seal with vapor-retarder mastic and pressure-sensitive tape having same facing as 
insulation.  Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-retarder 
seal. 

O. Insulate the following indoor equipment: 
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1. Domestic hot-water tanks, not factory insulated. 
2. Heating hot-water air separators. 
3. Pump casings and fittings. 

P. Omit insulation from the following: 
1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
6. Cleanouts. 

3.05 INDOOR TANK AND VESSEL INSULATION APPLICATION 
A. Flexible Elastomeric Thermal Insulation Applications for Tanks and Vessels:  Apply insulation over entire 

surface of tanks and vessels according to the manufacturer's written instructions. 
1. Apply 100 percent coverage of adhesive to surface with manufacturer's recommended adhesive. 
2. Seal longitudinal seams and end joints. 

3.06 FIELD-APPLIED JACKET APPLICATION 
A. Apply glass-cloth jacket where indicated, directly over bare insulation or insulation with factory-applied 

jackets. 
1. Apply jacket smooth and tight to surface with 2-inch overlap at seams and joints. 
2. Embed glass cloth between two 0.062-inch thick coats of jacket manufacturer's recommended 

adhesive. 
3. Completely encapsulate insulation with jacket, leaving no exposed raw insulation 

B. Foil and Paper Jackets:  Apply foil and paper jackets where indicated. 
1. Draw jacket material smooth and tight. 
2. Apply lap or joint strips with the same material as jacket. 
3. Secure jacket to insulation with manufacturer's recommended adhesive. 
4. Apply jackets with 1-1/2-inch laps at longitudinal seams and 3-inch wide joint strips at end 

joints. 
5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation with 

vapor-retarder mastic. 
C. Aluminum Jackets:  Secure jackets according to jacket manufacturer's written instructions. 
D. Stainless-Steel Jackets:  Secure jackets according to jacket manufacturer's written instructions. 

3.07 FINISHES 
A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of insulation 

manufacturer's recommended protective coating. 
B. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual inspection of the 

completed Work. 
 
 

END OF SECTION 
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SECTION 23 07 19 
HVAC PIPING INSULATION 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES  

A. Piping insulation 
B. Jackets and accessories. 

1.02 RELATED REQUIREMENTS 
A. Section 016116 - Volatile Organic Compound (VOC) Content Restrictions.  
B. Section 078400 - Firestopping. 
C.    Section 099000 - Painting and Coating:  Painting insulation jacket. 
D.    Section 221005 - Plumbing Piping:  Placement of hangers and hanger inserts.  
E.     Section 232113 - Hydronic Piping:  Placement of hangers and hanger inserts.  
F.    Section 232300 - Refrigerant Piping:  Placement of inserts. 

1.03 REFERENCE STANDARDS 
A.    ASTM A666 - Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel Sheet, Strip, 

Plate, and Flat Bar; 2010. 
B.    ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate; 2010. 
C.    ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal 

Transmission Properties by Means of the Guarded Hot Plate Apparatus; 2010. 
D.   ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by Means of the 

Heat Flow Meter Apparatus; 2010. 
E.     ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellula Thermal 

Insulation in Sheet and Tubular Form; 2011. 
F.     ASTM C585 - Standard Practice for Inner and Outer Diameters of Rigid Thermal Insulation for Nominal 

Sizes of Pipe and Tubing (NPS System); 2010. 
G.    ASTM D1056 - Standard Specification for Flexible Cellular Materials--Sponge or Expanded Rubber; 2007. 
H.    ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials 2012. 
I.      NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materials; National 

Fire Protection Association; 2006. 
J. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Underwriters 

Laboratories Inc.; Current Edition, Including All Revisions. 
1.04 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide product description, thermal characteristics, list of materials and thickness for 

each service, and locations. 
C. Manufacturer's Instructions:  Indicate installation procedures that ensure acceptable workmanship and 

installation standards will be achieved. 
1.05 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in this 
section with not less than three years of documented experience. 

B. Applicator Qualifications:  Company specializing in performing the type of work specified in this section 
with minimum 3 years of experience. 

1.06 DELIVERY, STORAGE, AND HANDLING 
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A. Accept materials on site, labeled with manufacturer's identification, product density, and thickness. 
1.07 FIELD CONDITIONS 

A. Maintain ambient conditions required by manufacturers of each product. 
B. Maintain temperature before, during, and after installation for minimum of 24 hours. 

 
PART 2 PRODUCTS 
2.01 REQUIREMENTS FOR ALL PRODUCTS OF THIS SECTION 

A. Surface Burning Characteristics:  Flame spread/Smoke developed index of 25/50, maximum, when 
tested in accordance with ASTM E 84, NFPA 255, or UL 723. 

2.02 MANUFACTURERS 
A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

1. Flexible Elastomeric Thermal Insulation: 
a. Armstrong World Industries, Inc. 
b. Rubatex Corp. 

2.03 INSULATION MATERIALS 
A. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber materials. Comply 

with ASTM C 534, Type I. 
1. Adhesive:  As recommended by insulation material manufacturer. 
2. Ultraviolet-Protective Coating:  As recommended by insulation manufacturer. 

2.04 FIELD-APPLIED JACKETS 
A. Insulation jackets below are for field applications.  Ignore below if jackets are factory applied. ASTM C 

921, Type 1, is for use over insulation on ducts operating below ambient temperatures at least part of 
the time or for where a vapor retarder is required.  ASTM C 921, Type II, is for use over insulation on 
ducts operating above ambient temperatures or for where a vapor retarder is not required. 

B. General:  ASTM C 921, Type 1, unless otherwise indicated. 
C. PVC Jacket:  High-impact, ultraviolet-resistant PVC; 20 mils thick; roll stock ready for shop or field cutting 

and forming. 
1. Adhesive:  As recommended by insulation material manufacturer. 
2. PVC jackets are available in several colors.  Colored jackets may be used to replace field 

painting.  Color to be white or gray. 
D. Aluminum Jacket:  Deep corrugated sheets manufactured from aluminum alloy complying with ASTM B 

209, and having an integrally bonded moisture barrier over entire surface in contact with insulation.  
Metal thickness and corrugation dimensions are scheduled at the end of this Section. 
1.  Select finish from subparagraphs below. Verify with manufacturer. 
2.  Finish:  Smooth finish. 
3.  Verify that moisture barrier in subparagraph below is adequate for corrosive atmospheres. 
4.  Moisture Barrier:  1-mil thick, heat-bonded polyethylene and kraft paper. 

E. Stainless-Steel Jacket:  Deep corrugated sheets of stainless steel complying with ASTM A 666, Type 304 
or 316; 0.10 inch thick; and roll stock ready for shop or field cutting and forming to indicated sizes. 
1.  Select from two moisture barriers below. Features are from Pabco jackets. The first moisture 

barrier is standard and is for corrosive atmospheres; the second moisture barrier is optional and 
produces lower flame-spread and smoke-developed ratings. 

2.  Moisture Barrier:  3-mi thick, heat-bonded polyethylene and kraft paper. 
3.  Jacket Bands:  Stainless steel, Type 304, 3/4 inch wide. 
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F. Fiberglass Jacket: ASTM C1258 - 08, UL-214 and UL-723; 0.035” thick, 18 oz./sq. yard; flame spread 
rating 0; smoke spread rating 0. 

2.05 ACCESSORIES AND ATTACHMENTS 
A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape. Woven glass-

fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd. 
1. Tape Width:  4 inches. 

B. Bands:  3/4 inch wide, in one of the following materials compatible with jacket: 
1. Stainless Steel:  ASTM A 666, Type 304; 0.020 inch thick. 
2. Aluminum:  0.007 inch thick. 
3. Brass:  0.010 inch thick. 
4. Nickel-Copper Alloy:  0.005 inch thick. 

C. Wire:  0.080-inch, nickel-copper alloy; 0.062-inch, soft-annealed, stainless steel; or 0.062-inch, soft-
annealed, galvanized steel. 

D. Select from three paragraphs below. 
E. Adhesive-Attached Anchor Pins and Speed Washers:  Galvanized steel plate, pin, and washer 

manufactured for attachment to duct and plenum with adhesive.  Pin length sufficient for insulation 
thickness indicated. 

F. Adhesive:  Recommended by the anchor pin manufacturer as appropriate for surface temperatures of 
ducts, plenums, and breechings; and to achieve a holding capacity of 100 lb for direct pull perpendicular 
to the adhered surface. 

2.06 ADHESIVES 
A. Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, Type II, Class I. 

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

B. ASJ Adhesive, and FSK and PVDC Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for 
bonding insulation jacket lap seams and joints. 
1. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
C. PVC Jacket Adhesive:  Compatible with PVC jacket. 

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

2.07 VAPOR RETARDERS 
A. Products with a perm rating of 1.0 are considered vapor retarders.  Ambient conditions and operating 

temperatures must be considered when selecting a vapor retarder. 
B. Mastics:  Materials shall be compatible with insulation materials, jackets, and substrates; comply with 

MIL-C-19565C, Type II. 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
2.08 LAGGING ADHESIVES 

A. Description:  Comply with MIL-A-3316C Class I, Grade A and shall be compatible with insulation 
materials, jackets, and substrates 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
2.09 SEALANTS 
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A. Joint Sealants 
1. Joint Sealants for Polystyrene Products: For indoor applications, use sealants that have a VOC 

content of 250 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
B. FSK and Metal Jacket Flashing Sealants 

1. For indoor applications, use sealants that have a VOC content of 250 g/L or less when calculated 
according to 40 CFR 59, Subpart D (EPA Method 24). 

C. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants 
1. For indoor applications, use sealants that have a VOC content of 250 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
 

PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that piping has been tested before applying insulation materials.  
B. Verify that surfaces are clean and dry, with foreign material removed. 

3.02 PREPARATION 
A. Surface Preparation:  Clean and dry pipe and fitting surfaces.  Remove materials that will adversely 

affect insulation application. 
3.03 GENERAL APPLICATION REQUIREMENTS 

A.    Apply insulation materials, accessories, and finishes according to the manufacturer's written 
instructions; with smooth, straight, and even surfaces; free of voids throughout the length of piping, 
including fittings, valves, and specialties. 

B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for 
each piping system. 

C. Use accessories compatible with insulation materials and suitable for the service.  Use accessories that 
do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state. 

D. Apply insulation with longitudinal seams at top and bottom of horizontal pipe runs.  
E. Apply multiple layers of insulation with longitudinal and end seams staggered. 
F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties. 
G. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor retarder. 
H. Keep insulation materials dry during application and finishing. 
I. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive 

recommended by the insulation material manufacturer. 
J. Apply insulation with the least number of joints practical. 
K. Apply insulation over fittings, valves, and specialties, with continuous thermal and vapor-retarder 

integrity, unless otherwise indicated.  Refer to special instructions for applying insulation over fittings, 
valves, and specialties. 

L. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-retarder mastic. 
1. Apply insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor retarders are indicated, extend insulation on anchor legs 

at least 12 inches from point of attachment to pipe and taper insulation ends. Seal tapered ends 
with a compound recommended by the insulation material manufacturer to maintain vapor 
retarder. 
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3. Install insert materials and apply insulation to tightly join the insert.  Seal insulation to insulation 
inserts with adhesive or sealing compound recommended by the insulation material 
manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over jacket, 
arranged to protect the jacket from tear or puncture by the hanger, support, and shield. 

M.    Insulation Terminations:  For insulation application where vapor retarders are indicated, taper 
insulation ends.  Seal tapered ends with a compound recommended by the insulation material 
manufacturer to maintain vapor retarder. 

N. Apply adhesives and mastics at the manufacturer's recommended coverage rate. 
 O. Apply insulation with integral jackets as follows:  

1. Pull jacket tight and smooth. 
2. Circumferential Joints:  Cover with 3-inch wide strips, of same material as insulation jacket.  

Secure strips with adhesive and outward clinching staples along both edges of strip and spaced 
4 inches o.c. 

3.     Longitudinal Seams:  Overlap jacket seams at least 1-1/2 inches. Apply insulation with longitudinal 
seams at bottom of pipe.  Clean and dry surface to receive self-sealing lap. Staple laps with 
outward clinching staples along edge at 4 inches o.c. 
a. Exception:  Do not staple longitudinal laps on insulation having a vapor retarder. 

4. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on seams and joints 
and at ends adjacent to flanges, unions, valves, and fittings. 

5. At penetrations in jackets for thermometers and pressure gauges, fill and seal voids with vapor-
retarder mastic. 

P. Select one of two paragraphs below. 
Q. Exterior Wall Penetrations:  For penetrations of below-grade exterior walls, terminate insulation flush 

with mechanical sleeve seal.  Seal terminations with vapor-retarder mastic 
R. Coordinate requirements in two paragraphs below with Division 7 Section "Joint Sealants." S. Interior 

Wall and Partition Penetrations:  Apply insulation continuously through walls anD floors. 
T. Fire-Rated Wall and Partition Penetrations:  Apply insulation continuously through penetrations of fire-

rated walls and partitions. 
1. Firestopping and fire-resistive joint sealers are specified in Division 7 Section "Firestopping." 

U. Floor Penetrations:  Apply insulation continuously through floor assembly. 
1. For insulation with vapor retarders, seal insulation with vapor-retarder mastic where floor 

supports penetrate vapor retarder. 
3.04 FIELD-APPLIED JACKET APPLICATION 

A. Apply glass-cloth jacket, where indicated, directly over bare insulation or insulation with factory-applied 
jackets. 
1. Apply jacket smooth and tight to surface with 2-inch overlap at seams and joints. 

 

2. Embed glass cloth between two 0.062-inch thick coats of jacket manufacturer's recommended 
adhesive. 

3. Completely encapsulate insulation with jacket, leaving no exposed raw insulation 
B. Foil and Paper Jackets:  Apply foil and paper jackets where indicated. 

1. Draw jacket material smooth and tight. 
2. Apply lap or joint strips with the same material as jacket. 
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3. Secure jacket to insulation with manufacturer's recommended adhesive. 
4. Apply jackets with 1-1/2-inch laps at longitudinal seams and 3-inch wide joint strips at end 

joints. 
5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation with 

vapor-retarder mastic. 
C. Apply PVC jacket where indicated, with 1-inch overlap at longitudinal seams and end joints. Seal with 

manufacturer's recommended adhesive. 
D. Apply metal jacket where indicated, with 2-inch overlap at longitudinal seams and end joints. Overlap 

longitudinal seams arranged to shed water. Seal end joints with weatherproof sealant recommended by 
insulation manufacturer. Secure jacket with stainless-steel bands 12 inches o.c. and at end joints. 

3.05 FINISHES 
A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of the insulation 

manufacturer's recommended protective coating. 
B. Color:  Final color as selected by Architect or Owner. Vary first and second coats to allow visual 

inspection of the completed Work. 
3.06 PIPING SYSTEM APPLICATIONS 

A. Insulation materials and thicknesses are specified in schedules at the end of this Section.  
B. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to the following systems, 

materials, and equipment: 
1. Flexible connectors. 
2. Vibration-control devices. 
3. Fire-suppression piping. 
4. Below-grade piping, (to be pre-insulated piping, see Hydronic Piping). 
5. Air chambers, unions, strainers, check valves, plug valves, and flow regulators. 

3.07 FIELD QUALITY CONTROL 
A. Insulation applications will be considered defective if sample inspection reveals noncompliance with 

requirements.  Remove defective Work and replace with new materials according to these Specifications. 
B. Reinstall insulation and covers on fittings and valves uncovered for inspection according to these 

Specifications. 
3.08 INSULATION APPLICATION SCHEDULE, GENERAL 

A. Refer to insulation application schedules for required insulation materials, vapor retarders, and field-
applied jackets. 

B. Application schedules identify piping system and indicate pipe size ranges and material, thickness, and 
jacket requirements. 

 
 

END OF SECTION 
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SECTION 23 23 00 
REFRIGERANT PIPING 

PART 1 GENERAL 
1.01 SECTION INCLUDES  

A. Piping. 
B. Refrigerant. 
C. Moisture and liquid indicators.  
D. Valves. 
E. Strainers. 
F. Filter-driers. 

1.02 RELATED REQUIREMENTS 
A. Section 083100 - Access Doors and Panels.  
B. Section 099000 - Painting and Coating. 
C. Section 220719 - Plumbing Piping Insulation. 
D. Section 220716 - Plumbing Equipment Insulation.  
E. Section 230716 - HVAC Equipment Insulation. 
F. Section 230719 - HVAC Piping Insulation. 
G. Section 23 6320 - Packaged Air-Cooled Heat Pump Unit 
H. Section 262717 - Equipment Wiring:  Electrical characteristics and wiring connections. 

1.03 REFERENCE STANDARDS 
A. AHRI 710 - Performance Rating of Liquid-Line Driers; Air-Conditioning, Heating, and Refrigeration 

Institute; 2009. 
B. ASHRAE Std 15 - Safety Standard for Refrigeration Systems; American Society of Heating, Refrigerating 

and Air-Conditioning Engineers, Inc.; 2010 (ANSI/ASHRAE Std 15). 
C. ASHRAE Std 34 - Designation and Safety Classification of Refrigerants; American Society of Heating, 

Refrigerating and Air-Conditioning Engineers, Inc.; 2010. 
D. ASME (BPV VIII, 1) - Boiler and Pressure Vessel Code, Section VIII, Division 1 - Rules for Construction of 

Pressure Vessels; The American Society of Mechanical Engineers; 2010. 
E. ASME (BPV IX) - Boiler and Pressure Vessel Code, Section IX - Welding and Brazing Qualifications; The 

American Society of Mechanical Engineers; 2010. 
F. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The American Society of 

Mechanical Engineers; 2001 (R2010). 
G. ASME B16.26 - Cast Copper Alloy Fittings For Flared Copper Tubes; The American Society of Mechanical 

Engineers; 2011. 
H. ASME B31.5 - Refrigeration Piping and Heat Transfer Components; The American Society of Mechanical 

Engineers; 2010. 
I. ASME B31.9 - Building Services Piping; The American Society of Mechanical Engineers; 2011 (ANSI/ASME 

B31.9). 
J. ASTM B280 - Standard Specification for Seamless Copper Tube for Air Conditioning and Refrigeration 

Field Service; 2008. 
 K. ASTM F708 - Standard Practice for Design and Installation of Rigid Pipe Hangers; 1992 (Reapproved 

2008). 
L. AWS A5.8/A5.8M - Specification for Filler Metals for Brazing and Braze Welding; American Welding 

Society; 2011 and errata. 
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M.    MSS SP-58 - Pipe Hangers and Supports - Materials, Design and Manufacture, Selection, Application, and 
Installation; Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.; 2009. 

N. MSS SP-69 - Pipe Hangers and Supports - Selection and Application; Manufacturer Standardization 
Society of the Valve and Fittings Industry, Inc.; 2003. 

O. MSS SP-89 - Pipe Hangers and Supports - Fabrication and Installation Practices; Manufacturers 
Standardization Society of the Valve and Fittings Industry, Inc.; 2003. 

1.04 SYSTEM DESCRIPTION 
A. Where more than one piping system material is specified ensure system components are compatible 

and joined to ensure the integrity of the system is not jeopardized.  Provide necessary joining fittings.  
Ensure flanges, union, and couplings for servicing are consistently provided. 

B. Provide pipe hangers and supports in accordance with ASME B31.5 unless indicated otherwise. 
C. Liquid Indicators:  
D. Filter-Driers: 

1. Use a filter-drier immediately ahead of liquid-line controls, such as thermostatic e 
 xpansion valves, solenoid valves, and moisture indicators. 

1.05 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide general assembly of specialties, including manufacturer’s catalogue information.  

Provide manufacturers catalog data including load capacity. 
C. Shop Drawings:  Indicate schematic layout of system, including equipment, critical dimensions, and sizes 

by Manufacturer. 
D. Design Data:  Submit design data indicating pipe sizing.  Indicate load carrying capacity of trapeze, 

multiple pipe, and riser support hangers. 
E. Test Reports:  Indicate results of leak test, acid test. 
F. Manufacturer's Installation Instructions:  Indicate support, connection requirements, and isolation for 

servicing. 
G. Submit welders certification of compliance with ASME (BPV IX). 
H. Project Record Documents:  Record exact locations of equipment and refrigeration accessories on 

record drawings. 
I. Maintenance Data:  Include instructions for changing cartridges, assembly views, spare parts lists. 

1.06 QUALITY ASSURANCE 
A.   Designer Qualifications:  Design piping system under direct supervision of a Professional Engineer 

experienced in design of this type of work and licensed in the State in which the Project is located. 
1.07 REGULATORY REQUIREMENTS 

A. Conform to ASME B31.9 for installation of piping system. 
B. Welding Materials and Procedures:  Conform to ASME (BPV IX) and applicable state labor regulations. 
C. Welders Certification:  In accordance with ASME (BPV IX). 
D. Products Requiring Electrical Connection:  Listed and classified by UL, as suitable for the purpose 

indicated. 
1.08 DELIVERY, STORAGE, AND HANDLING 

A. Deliver and store piping and specialties in shipping containers with labeling in place. 
B. Protect piping and specialties from entry of contaminating material by leaving end caps and plugs in 

place until installation. 
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C. Dehydrate and charge components such as piping and receivers seal prior to shipment, until connected 
into system. 

 
PART 2 PRODUCTS 
2.01 PIPING 

A. Copper Tube:  ASTM B 280, 1/2H hard drawn Type O annealed copper pipe. 
1. Fittings:  ASME B16.22 wrought copper. 
2. Joints:  Braze, AWS A5.8 BCuP silver/phosphorus/copper alloy.  

B. Pipe Supports and Anchors: 
1. Conform to ASME B31.5. 
2. Hangers for Pipe Sizes 1/2 to 1-1/2 Inch:  Malleable iron adjustable swivel, split ring. 
3. Vertical Support:  Steel riser clamp. 
4. Copper Pipe Support:  Carbon steel ring, adjustable, copper plated. 
5. Hanger Rods:  Mild steel threaded both ends, threaded one end, or continuous threaded. 
6.     Inserts:  Malleable iron case of galvanized steel shell and expander plug for threaded 

connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms; size 
inserts to suit threaded hanger rods. 

2.02 REFRIGERANT 
A. Refrigerant:  R410A as defined in ASHRAE Std 34. 

2.03 VALVES 
A. Diaphragm Packless Valves: 

1. UL listed, globe or angle pattern, forged brass body and bonnet, phosphor bronze and stainless 
steel diaphragms, rising stem and handwheel, stainless steel spring, nylon seat disc, solder or 
flared ends, with positive backseating; for maximum working pressure of 500 psi and maximum 
temperature of 275 degrees F.  

B. Packed Angle Valves: 
1. Forged brass or nickel plated forged steel, forged brass seal caps with copper gasket, rising stem 

and seat with backseating, molded stem packing, solder or flared ends; for maximum working 
pressure of 500 psi and maximum temperature of 275 degrees F. 

C. Ball Valves: 
1. Two piece bolted forged brass body with Teflon ball seals and copper tube extensions, brass 

bonnet and seal cap, chrome plated ball, stem with neoprene ring stem seals; for maximum 
working pressure of 500 psi and maximum temperature of 300 degrees F. 

D. Service Valves: 
1. Forged brass body with copper stubs, brass caps, removable valve core, integral ball check valve, 

flared or solder ends, for maximum pressure of 500 psi. 
2.04 STRAINERS 

A. Straight Line or Angle Line Type: 
1. Brass or steel shell, steel cap and flange, and replaceable cartridge, with screen of stainless steel 

wire or monel reinforced with brass; for maximum working pressure of 430 psi. 
2.05 CHECK VALVES  

A. Globe Type: 
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1. Cast bronze or forged brass body, forged brass cap with neoprene seal, brass guide and disc 
holder, phosphor-bronze or stainless steel spring, Teflon seat disc; for maximum temperature of 
300 degrees F and maximum working pressure of 425 psi. 

B. Straight Through Type: 
1. Brass body and disc, phosphor-bronze or stainless steel spring, neoprene seat; for maximum 

working pressure of 500 psi and maximum temperature of 200 degrees F. 
2.06 FILTER-DRIERS  

A. Performance: 
1. Pressure Drop:  2 psi, maximum, when operating at full connected evaporator capacity. 
2. Design Working Pressure:  350 psi, minimum. 

B. Cores:  Molded or loose-fill molecular sieve desiccant compatible with refrigerant, activated alumina, 
activated charcoal, and filtration to 40 microns, with secondary filtration to 20 microns; of construction 
that will not pass into refrigerant lines. 

C. Construction:  UL listed. 
1. Connections:  As specified for applicable pipe type. 

 
PART 3 EXECUTION 
3.01 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. 

3.02 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.  

Piping sizing and routing per manufacturer's requirements. 
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 scheduled. 
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. 
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I. Provide access to concealed valves and fittings.  Coordinate size and location of access doors with 
Section 083100. 

J. Flood piping system with nitrogen when brazing. 
K. Prepare unfinished pipe, fittings, supports, and accessories ready for finish painting.  Refer to Section 

099000. 
L. Insulate piping and equipment; refer to Section  and Section 230716. 
M.    Follow ASHRAE Std 15 procedures for charging and purging of systems and for disposal of refrigerant. 
N. Provide replaceable cartridge filter-driers, with isolation valves and valved bypass. 
O. Install flexible connectors at right angles to axial movement of compressor, parallel to crankshaft. 
P. Fully charge completed system with refrigerant after testing. 
Q. Provide electrical connection to solenoid valves. Refer to Section 262717. 

3.03 FIELD QUALITY CONTROL 
A. Test refrigeration system in accordance with ASME B31.5. 
B. 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. 
3.04 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. 

 

END OF SECTION 
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SECTION 23 31 00 
HVAC DUCTS AND CASINGS 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES  

A. Metal ductwork. 
B. Casing and plenums. 
C. Kitchen hood ductwork. 

1.02 RELATED REQUIREMENTS 
A. Section 016116 - Volatile Organic Compound (VOC) Content Restrictions. 
B. Section 099000 - Painting and Coating:  Weld priming, weather resistant, paint or coating.  
C. Section 230713 - Duct Insulation:  External insulation and duct liner. 
D. Section 233300 - Air Duct Accessories.  
E. Section 233700 - Air Outlets and Inlets. 
F. Section 230593 - Testing, Adjusting, and Balancing for HVAC. 

1.03 REFERENCE STANDARDS 
A. ASHRAE (FUND) - ASHRAE Handbook - Fundamentals; 2009. 
B. ASTM A36/A36M - Standard Specification for Carbon Structural Steel; 2008. 
C. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-

Coated (Galvannealed) by the Hot-Dip Process; 2011. 
D. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 2012. 
E. ICC-ES AC01 - Acceptance Criteria for Expansion Anchors in Masonry Elements; 2012. 
F. ICC-ES AC106 - Acceptance Criteria for Predrilled Fasteners (Screw Anchors) in Masonry Elements; 2012. 
G. ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements; 2012. H. ICC-ES 

AC308 - Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete Elements; 2012. 
I. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; National Fire 

Protection Association; 2012. 
J. NFPA 90B - Standard for the Installation of Warm Air Heating and Air Conditioning Systems; National 

Fire Protection Association; 2012. 
K. SMACNA (LEAK) - HVAC Air Duct Leakage Test Manual; Sheet Metal and Air Conditioning Contractors' 

National Association; 2012, 2nd Edition.  
L. SMACNA (DCS) - HVAC Duct Construction Standards; 2005 
M.    UL 181 - Standard for Factory-Made Air Ducts and Air Connectors; Underwriters Laboratories Inc.; 

Current Edition, Including All Revisions. 
1.04 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures.  
B. Product Data:  Provide data for duct materials 
C. Shop Drawings:  CAD-generated and drawn to 1/4 inch equals 1 foot (1:48) scale.  Show fabrication and 

installation details for metal ducts. 
1. Fabrication, assembly, and installation, including plans, elevations, sections, components, and 

attachments to other work. 
2. Duct layout indicating sizes and pressure classes. 
3. Elevations of top and bottom of ducts. 
4. Fittings. 
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5. Reinforcement and spacing. 
6. Seam and joint construction. 
7. Penetrations through fire-rated and other partitions. 
8. Equipment installation based on equipment being used on Project. 
9. Duct accessories, including access doors and panels. 
10. Hangers and supports, including methods for duct and building attachment, vibration isolation, 

and seismic restraints. 
D. Test Reports:  Indicate pressure tests performed.  Include date, section tested, test pressure, and 

leakage rate, following SMACNA (LEAK) - HVAC Air Duct Leakage Test Manual. 
E. Project Record Documents:  Record actual locations of ducts and duct fittings.  Record changes in fitting 

location and type. Show additional fittings used. 
1.05 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. Installer Qualifications:  Company specializing in performing the type of work specified in this section, 
with minimum three years of documented experience. 

C.    NFPA Compliance: 
1. NFPA 90A, "Installation of Air Conditioning and Ventilating Systems." 
2. NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 

D.    Comply with NFPA 96, "Ventilation Control and Fire Protection of Commercial Cooking 
Operations," Ch. 3, "Duct System," for range hood ducts, unless otherwise indicated. 

1.06 REGULATORY REQUIREMENTS 
A.   Construct ductwork to NFPA 90A standards. 

1.07 FIELD CONDITIONS 
A. Do not install duct sealants when temperatures are less than those recommended by sealant 

manufacturers. 
B.    Maintain temperatures within acceptable range during and after installation of duct sealants. 

 
PART 2 PRODUCTS 
2.01 DUCT ASSEMBLIES 

A.    All Ducts:  Galvanized steel, unless otherwise indicated. 
B.    Ventilation Air Supply:  4 inch w.g. pressure class, galvanized steel.  
C.    Ventilation Air Return:  4 inch w.g. pressure class, galvanized steel.  
D.    Ventilation Air Exhaust:  4 inch w.g. pressure class, galvanized steel. 
E. Ventilation Air Outdoor Air:  4 inch w.g. pressure class, galvanized steel.  
F. Terminal Unit Supply:  4 inch w.g. pressure class, galvanized steel. 
G. Terminal Unit Return:  4 inch w.g. pressure class, galvanized steel.  
H. Kitchen Exhaust:  4 inch w.g. pressure class, galvanized steel. 
I.     Outside Air Intake:  4 inch w.g. pressure class, galvanized steel. 

2.02 SHEET METAL MATERIALS 
A. Galvanized Steel for Ducts:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type B, with 

G90/Z275 coating; ; ducts shall have mill-phosphatized finish for surfaces exposed to view. 
B. A. Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for acceptable 

materials, material thicknesses, and duct construction methods, unless otherwise indicated.  Sheet 
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metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other 
imperfections. 

C. B. Sheet Metal shall have a certificate indicating that 50% min. of material is recycled. 
D. Carbon-Steel Sheets:  ASTM A 366/A 366M, cold-rolled sheets; commercial quality; with oiled, matte 

finish for exposed ducts. 
E. See Evaluations for discussion on attachment of galvanized-steel hangers, specified in first paragraph 

below, to aluminum ducts. 
F. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on galvanized sheet 

metal ducts. 
G. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 inches (900 mm) or less; 

3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm). 
2.03 DUCT JOINING AND HANGING MATERIALS 

A. Joint Sealers and Sealants:  Non-hardening, water resistant, mildew and mold resistant. 
1. Type:  Heavy mastic or liquid used alone or with tape, suitable for joint configuration and 

compatible with substrates, and recommended by manufacturer for pressure class of ducts. 
2. VOC Content:  Not more than 250 g/L, excluding water. 
3. Surface Burning Characteristics:  Flame spread of zero, smoke developed of zero, when tested in 

accordance with ASTM E84. 
4. For Use With Flexible Ducts:  UL labeled. 

B. Hanger Rod:  ASTM A36/A36M; steel, galvanized; threaded both ends, threaded one end, or 
continuously threaded. 

C. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners, as follows: 
1. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193. 
2. Masonry Wedge Expansion Anchors:  Complying with ICC-ES AC01. 
3. Concrete Screw Type Anchors:  Complying with ICC-ES AC193. 
4. Masonry Screw Type Anchors:  Complying with ICC-ES AC106. 
5. Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308. 
6. Other Types:  As required. 

2.04 DUCTWORK FABRICATION 
A. Fabricate and support in accordance with SMACNA HVAC Duct Construction Standards and as indicated. 
B. No variation of duct configuration or size permitted except by written permission. Size round duct 

installed in place of rectangular ducts in accordance with ASHRAE Handbook - Fundamentals. 
C. Provide duct material, gauges, reinforcing, and sealing for operating pressures indicated. 
D. Construct T's, bends, and elbows with radius of not less than 1-1/2 times width of duct on centerline. 

Where not possible and where rectangular elbows must be used, provide air foil turning vanes of 
perforated metal with glass fiber insulation. 

E. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible; maximum 30 
degrees divergence upstream of equipment and 45 degrees convergence downstream. 

F. Fabricate continuously welded round and oval duct fittings in accordance with SMACNA HVAC Duct 
Construction Standards. 

G. Where ducts are connected to exterior wall louvers and duct outlet is smaller than louver frame, 
provide blank-out panels sealing louver area around duct.  Use same material as duct, painted black on 
exterior side; seal to louver frame and duct. 

2.05 MANUFACTURED DUCTWORK AND FITTINGS 
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A. Double Wall Insulated Round Ducts:  Round spiral lockseam duct with galvanized steel outer wall, 
perforated galvanized steel inner wall; fitting with solid inner wall. 
1. Manufacture in accordance with SMACNA HVAC Duct Construction Standards. 
2. Insulation: 

a. Thickness:  1 inch. 
b. Material:  Cotton Denim. 

2.06 CASINGS 
A. Fabricate casings in accordance with SMACNA HVAC Duct Construction Standards and construct for 

operating pressures indicated.  
B. Mount floor mounted casings on 4 inch high concrete curbs. At floor, rivet panels on 8 inch centers to 

angles. Where floors are acoustically insulated, provide liner of 18 gauge galvanized expanded metal 
mesh supported at 12 inch centers, turned up 12 inches at sides with sheet metal shields. 

C. Reinforce door frames with steel angles tied to horizontal and vertical plenum supporting angles. Install 
hinged access doors where indicated or required for access to equipment for cleaning and inspection. 

 
PART 3 EXECUTION 
3.01 INSTALLATION 

A. Install, support, and seal ducts in accordance with SMACNA HVAC Duct Construction Standards. 
B. Install in accordance with manufacturer's instructions. 
C. During construction provide temporary closures of metal or taped polyethylene on open ductwork to 

prevent construction dust from entering ductwork system. 
D. Flexible Ducts:  Connect to metal ducts with adhesive 
E. Duct sizes indicated are inside clear dimensions.  For lined ducts, maintain sizes inside lining.  
F. Provide openings in ductwork where required to accommodate thermometers and controllers. Provide 

pilot tube openings where required for testing of systems, complete with metal can with spring device 
or screw to ensure against air leakage.  Where openings are provided in insulated ductwork, install 
insulation material inside a metal ring. 

G. Locate ducts with sufficient space around equipment to allow normal operating and maintenance 
activities. 

H. Use crimp joints with or without bead for joining round duct sizes 8 inch and smaller with crimp in 
direction of air flow. 

I. Use double nuts and lock washers on threaded rod supports. 
J. Connect terminal units to supply ducts directly or with one foot maximum length of flexible duct.  Do 

not use flexible duct to change direction. 
K. Connect diffusers or light troffer boots to low pressure ducts directly or with 5 feet maximum length of 

flexible duct held in place with strap or clamp. 
3.02 SEAM AND JOINT SEALING 

A. Seal duct seams and joints according to SMACNA's "HVAC Duct Construction Standards--Metal and 
Flexible" for duct pressure class indicated. 
1. Instruction in subparagraph below exceeds requirements in SMACNA's "HVAC Duct Construction 

Standards--Metal and Flexible," which does not require sealing of ducts in pressure classes 
lower than 2-inch wg (500 Pa).  If sealing ducts is required, revise below. 

2. For pressure classes lower than 5-inch wg (500 Pa), seal transverse joints.  
B. Seal ducts before external insulation is applied. 
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3.03 HANGING AND SUPPORTING 
A. Support horizontal ducts within 24 inches (600 mm) of each elbow and within 48 inches (1200 mm) of 

each branch intersection. 
B. Support vertical ducts at maximum intervals of 16 feet (5 m) and at each floor. 
C. Install upper attachments to structures with an allowable load not exceeding one-fourth of failure 

(proof-test) load. 
D. Retain two paragraphs and associated subparagraph below for installations in concrete structures. 
E. Install concrete inserts before placing concrete. 
F. Install powder-actuated concrete fasteners after concrete is placed and completely cured. 

1. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for slabs 
less than 4 inches (100 mm) thick. 

3.04 CONNECTIONS 
A. Coordinate duct installations and specialty arrangements with schematics on Drawings and with 

requirements specified.  If Drawings are explicit enough, these requirements may be reduced or 
omitted. 

B. Make connections to equipment with flexible connectors according to Division 15 Section "Duct 
Accessories." 

C. Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for branch, outlet and 
inlet, and terminal unit connections. 

3.05 FIELD QUALITY CONTROL 
A. Perform the following field tests and inspections according to SMACNA's "HVAC Air Duct Leakage Test 

Manual" and prepare test reports: 
1. Disassemble, reassemble, and seal segments of systems to accommodate leakage testing and for 

compliance with test requirements. 
2. Conduct tests at static pressures equal to maximum design pressure of system or section being 

tested.  If pressure classes are not indicated, test entire system at maximum system design 
pressure.  Do not pressurize systems above maximum design operating pressure. Give seven 
days' advance notice for testing. 

3. Edit limits of tests to be performed and total leakage acceptable. 
4. Determine leakage from entire system or section of system by relating leakage to surface area 

of test section. 
a. Allowable Leakage, Supply Duct Systems:  1 percent of design airflow. 
b. Allowable Leakage, Return Duct Systems:  2 percent of design airflow. 
c. Allowable Leakage, Exhaust Supply Duct Systems:  2 percent of design airflow. 
d. Allowable Leakage, Supply Duct Systems, Terminals to Air Outlets:  2 percent of design 

airflow. 
5. Retain subparagraph and associated subparagraphs above or first subparagraph below. 
6.     Maximum Allowable Leakage:  Comply with requirements for Leakage Class 3 for round and flat-

oval ducts, Leakage Class 12 for rectangular ducts in pressure classes lower than and equal to 2-
inch wg (500 Pa) (both positive and negative pressures), and Leakage Class 6 for pressure classes 
from 2- to 10-inch wg (500 to 2500 Pa). 

7. Remake leaking joints and retest until leakage is equal to or less than maximum allowable. 
3.07 CLEANING NEW SYSTEMS 
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A. Mark position of dampers and air-directional mechanical devices before cleaning, and perform cleaning 
before air balancing. 

B. Use service openings, as required, for physical and mechanical entry and for inspection. 
1. Create other openings to comply with duct standards. 
2. Disconnect flexible ducts as needed for cleaning and inspection. 
3. Remove and reinstall ceiling sections to gain access during the cleaning process. 

C. Vent vacuuming system to the outside.  Include filtration to contain debris removed from HVAC systems, 
and locate exhaust down wind and away from air intakes and other points of entry into building. 

D. Clean the following metal duct systems by removing surface contaminants and deposits: 
1. Air outlets and inlets (registers, grilles, and diffusers). 
2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply and 

return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive assemblies. 
3. Energy Recovery Unit internal surfaces and components including coil section, air wash systems, 

energy recovery wheel, condensate drain pans, filters and filter sections, and condensate 
collectors and drains. 

4. Coils and related components. 
5. Return-air ducts, dampers, and actuators except in ceiling plenums and mechanical equipment 

rooms. 
6. Supply-air ducts, dampers, actuators, and turning vanes.  

E. Mechanical Cleaning Methodology: 
1. Seal Air Duct at Fabrication Shop for Delivery and Storage.  Seal Open ends after installation.  No 

Debris shall enter duct. 
F. Retain first paragraph and subparagraphs below if required for Project. 
G. Verification of Coil Cleaning:  Cleaning must restore coil pressure drop to within 10 percent of pressure 

drop measured when coil was first installed.  If original pressure drop is not known, coil will be 
considered clean only if it is free of foreign matter and chemical residue, based on thorough visual 
inspection. 

3.08 SPIRAL DUCT APPLICATION: 
A. Spiral Double Walled ducts are to be installed as supply branches in Kitchen/Living room. 

 

 

END OF SECTION 
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SECTION 23 33 00 
AIR DUCT ACCESSORIES 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Air turning devices/extractors.  
B. Backdraft dampers - metal. 
C. Duct access doors.  
D. Duct test holes. 
E. Flexible duct connections.  
F. Volume control dampers. 

1.02 RELATED REQUIREMENTS 
A. Section 230548 - Vibration and Seismic Controls for HVAC Piping and Equipment.  
B. Section 233100 - HVAC Ducts and Casings. 

1.03 REFERENCE STANDARDS 
A. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; National Fire 

Protection Association; 2012. 
B. SMACNA (DCS) - HVAC Duct Construction Standards; 2005. 

1.04 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data:  Provide for shop fabricated assemblies including volume control dampers   
C. Shop Drawings:  Indicate for shop fabricated assemblies including volume control dampers. 
D. Manufacturer's Installation Instructions:  Provide instructions for fire dampers. 
E. Project Record Drawings:  Record actual locations of access doors and test holes. 

1.05 QUALITY ASSURANCE 
A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products specified in 

this section, with minimum three years of documented experience. 
1.06 DELIVERY, STORAGE, AND HANDLING 

A. Protect dampers from damage to operating linkages and blades. 
 
PART 2 PRODUCTS 
2.01 AIR TURNING DEVICES/EXTRACTORS 

A. Multi-blade device with blades aligned in short dimension; steel construction; with individually 
adjustable blades, mounting straps. 

2.02 BACKDRAFT DAMPERS - METAL  
A. Manufacturers: 

1. Nailor Industries Inc; Model    :  www.nailor.com. 
2. Ruskin Company; Model    :  www.ruskin.com. 
3. Or Approved Equal. 

B. Gravity Backdraft Dampers, Size 18 x 18 inches or Smaller, Furnished with Air Moving Equipment: Air 
moving equipment manufacturer's standard construction. 

2.03 DUCT ACCESS DOORS 
A. Fabrication:  Rigid and close-fitting of galvanized steel with sealing gaskets and quick fastening locking 

devices.  For insulated ducts, install minimum 1 inch thick insulation with sheet metal cover. 

http://www.nailor.com/
http://www.ruskin.com/
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1. Less Than 12 inches Square:  Secure with sash locks. 
2. Up to 18 inches Square:  Provide two hinges and two sash locks. 
3. Up to 24 x 48 inches:  Three hinges and two compression latches with outside and inside 

handles. 
B. Access doors with sheet metal screw fasteners are not acceptable. 

2.04 DUCT TEST HOLES 
A. Temporary Test Holes:  Cut or drill in ducts as required.  Cap with neat patches, neoprene plugs, 

threaded plugs, or threaded or twist-on metal caps. 
2.05 VOLUME CONTROL DAMPERS  

A. Splitter Dampers: 
1. Material:  Same gauge as duct to 24 inches size in either direction, and two gauges heavier for 

sizes over 24 inches. 
2. Blade:  Fabricate of single thickness sheet metal to streamline shape, secured with continuous 

hinge or rod. 
3. Operator:  Minimum 1/4 inch diameter rod in self aligning, universal joint action, flanged 

bushing with set screw . 
B. Single Blade Dampers:  Fabricate for duct sizes up to 6 x 30 inch. 

1. Fabricate for duct sizes up to 6 x 30 inch. 
2. Blade:  24 gauge, minimum. 

C. Multi-Blade Damper:  Fabricate of opposed blade pattern with maximum blade sizes 8 x 72 inch.  
Assemble center and edge crimped blades in prime coated or galvanized channel frame with suitable 
hardware. 
1. Blade:  18 gauge, minimum.  

D. Quadrants: 
1. Provide locking, indicating quadrant regulators on single and multi-blade dampers. 
2. On insulated ducts mount quadrant regulators on stand-off mounting brackets, bases, or 

adapters. 
3. Where rod lengths exceed 30 inches provide regulator at both ends. 

 
PART 3 EXECUTION 
3.01 INSTALLATION 

A. Install accessories in accordance with manufacturer's instructions, NFPA 90A, and follow SMACNA HVAC 
Duct Construction Standards.  Refer to Section 233100 for duct construction and pressure class. 

B. Provide backdraft dampers on exhaust fans or exhaust ducts nearest to outside and where indicated. 
C. Provide duct access doors for inspection and cleaning before and after filters, coils, fans, automatic 

dampers, and elsewhere as indicated. Provide minimum 8 x 8 inch size for hand access,  size for 
shoulder access, and as indicated.  Provide 4 x 4 inch for balancing dampers only.  Review locations prior 
to fabrication. 

D. Provide duct test holes where indicated and required for testing and balancing purposes. 
E. At fans and motorized equipment associated with ducts, provide flexible duct connections immediately 

adjacent to the equipment. 
F. At equipment supported by vibration isolators, provide flexible duct connections immediately adjacent 

to the equipment; see Section 220548. 
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G.    Provide balancing dampers at points on supply, return, and exhaust systems where branches are taken 
from larger ducts as required for air balancing.  Install minimum 2 duct widths from duct take-off. 

H. Use splitter dampers only where indicated. 
I. Provide balancing dampers on duct take-off to diffusers, grilles, and registers, regardless of whether 

dampers are specified as part of the diffuser, grille, or register assembly. 
 

 

END OF SECTION
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SECTION 23 33 19 
DUCT SILENCERS 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES  

A. Acoustic Louvers. 
1.02 RELATED REQUIREMENTS 

A. Section 233100 - HVAC Ducts and Casings:  Connections to silencers.  
B. Section 233300 - Air Duct Accessories:  Flexible duct connections. 

1.03 REFERENCE STANDARDS 
A. AABC MN-1 - AABC National Standards for Total System Balance; Associated Air Balance Council; 2002. 
B. AMCA 301 - Methods for Calculating Fan Sound Ratings from Laboratory Test Data; Air Movement and 

Control Association International, Inc.; 1990. 
C. ANSI S1.4 - American National Standard Specification for Sound Level Meters; 1983 (R2006) with 

Amd.S1.4A-1985. 
D. ANSI S1.8 - American National Standard Reference Quantities for Acoustical Levels; 1989 (R2006). 
E. ANSI S1.13 - American National Standard Measurement of Sound Pressure Levels in Air; 2005. 
F. AHRI 575 - Method of Measuring Machinery Sound Within an Equipment Space; Air-Conditioning, 

Heating, and Refrigeration Institute; 2008. 
G. ASHRAE Std 68 - Laboratory Method of Testing In-Duct Sound Power Measurement Procedure for Fans; 

American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.; 1997. 
H. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications; American Society of Heating, Refrigerating 

and Air-Conditioning Engineers, Inc.; 2011. 
I. NEBB (STDS) - Procedural Standards for the Measurement and Assessment of Sound and Vibration; 

National Environmental Balancing Bureau; 2006. 
J. SMACNA (DCS) - HVAC Duct Construction Standards; 2005. 

1.04 PERFORMANCE REQUIREMENTS 
A. Maintain rooms at following maximum sound levels, in Noise Criteria (NC) as defined by ASHRAE 

Handbook - HVAC Applications 
1. Private Residences Maximum:  25 

1.05 SUBMITTALS 
A. Product Data:  Provide catalog information indicating, materials, dimensional data, pressure losses, and 

acoustical performance. 
B. Shop Drawings:  Indicate assembly, materials, thicknesses, dimensional data, pressure losses, acoustical 

performance, layout, and connection details. 
C. Design Data:  Provide engineering calculations, referenced to specifications and AMCA 301 standards 

indicating that maximum room sound levels are not exceeded. 
D. Test Reports:  Indicate dynamic insertion loss and noise generation values of silencers. 
E. Manufacturer's Installation Instructions:  Indicate installation procedures necessary to maintain integrity 

of sound isolation. 
F. Manufacturer's Field Reports:  Indicate installation is complete and in accordance with instructions. 

1.06 QUALITY ASSURANC 
A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products specified in 

this section, with minimum three years of documented experience. 
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B. Perform Work in accordance with AMCA 300 standards and recommendations of ASHRAE Std 68. 
PART 2 PRODUCTS 
2.01 ACOUSTIC DAMPER LOUVERS  

A. Manufacturers: 
1. Greenheck; Model    :  www.greenheck.com. 
2. Ruskin; www.ruskin.com 
3. Industrial Acoustics ; http://www.industrialacoustics.com 
4. Or Approved Equal. 

B. Configuration:  4 inch deep louvers with blades on 45 degree slope; sound absorbing fill material, and 
inner surface of perforated sheet metal, heavy channel frame. 

C. Materials: 
1. Louver outer casings and splitter blades shall be of 22 gauge galvanized steel. 
2. Louvers shall be packed with inert, vermin and moisture proof mineral fiber.  

D. Rating: 
1. Insertion loss: 

a.    2nd Octave:  4 dB.  
b.    3rd Octave:  5 dB.  
c.    4th Octave:  6 dB.  
d.    5th Octave:  9 dB.  
e.    6th Octave:  13 dB.  
f.     7th Octave:  14 dB.  
g.    8th Octave:  13 dB. 

2. Static Pressure Drop at 300 fpm Face Velocity: .05 inches wg. 
 
PART 3 EXECUTION 
3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 
B. Attach control damper to acoustic louver with ductwork.  Refer to Section 233300. 

3.02 FIELD QUALITY CONTROL 
A. After start-up, final corrections and balancing of systems take octave band sound measurements over 

full audio frequency range in areas adjacent to mechanical equipment rooms, duct and pipe shafts, and 
other critical locations, as directed. 

B. Provide one-third octave band measurements of artificial sound sources in areas indicated as having 
critical requirements. 

C. Submit complete report of test results including sound curves. 
 

 

END OF SECTION

http://www.greenheck.com/
http://www.ruskin.com/
http://www.industrialacoustics.com/
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SECTION 23 37 00 
AIR OUTLETS AND INLETS 

PART 1 GENERAL 
1.01 SECTION INCLUDES  

A. Diffusers 
B. Registers/grilles.  
C. Louvers. 

1.02 RELATED REQUIREMENTS 
A. Section 23 41 00 - Air Filters 

1.03 REFERENCE STANDARDS 
A. AMCA 500-L - Laboratory Methods of Testing Louvers for Rating; Air Movement and Control Association 

International, Inc.; 2012. 
B. ASHRAE Std 70 - Method of Testing for Rating the Performance of Air Outlets and Inlets; American 

Society of Heating, Refrigerating and Air Conditioning Engineers, Inc.; 2006. 
C. SMACNA (DCS) - HVAC Duct Construction Standards; 2005. 

1.04 SUBMITTALS 
A. 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. 

B. Project Record Documents:  Record actual locations of air outlets and inlets. 
1.05 QUALITY ASSURANCE 

A. Test and rate air outlet and inlet performance in accordance with ASHRAE Std 70. B.  
 B. Test and rate louver performance in accordance with AMCA 500-L. 
 
PART 2 PRODUCTS 
2.01 MANUFACTURERS 

A. Carnes Company HVAC:  www.carnes.com.  
B. Nailor Industries Inc; www.nailor.com 
C. Metal Industries Inc; http://www.metalindustriesinc.com/metalaire/ 

2.02 ROUND SIDEWALL DIFFUSERS 

A. Type:  Round, 2-way adjustable pattern, stamped or spun, multi-core diffuser, with sectorizing baffles 
where indicated. 

B. Accessories:  Radial opposed blade damper and multi-louvered equalizing grid with damper adjustable 
from diffuser face. 

2.03 WALL SUPPLY REGISTERS/GRILLES 
A. Type:  Streamlined and individually adjustable blades, 3/4 inch minimum depth, 3/4 inch maximum 

spacing with spring or other device to set blades, vertical face, single deflection. 
B. Frame:  1-1/4 inch margin with countersunk screw mounting and gasket. 
C. Fabrication:  Steel with 20 gauge minimum frames and 22 gauge minimum blades, steel and aluminum 

with 20 gauge minimum frame, or aluminum extrusions, with factory baked enamel finish. 
2.04 WALL EXHAUST AND RETURN REGISTERS/GRILLES 

A. Type:  Streamlined blades, 3/4 inch minimum depth, 3/4 inch maximum spacing, with spring or other 
device to set blades, vertical face. 

B. Frame:  1-1/4 inch margin with countersunk screw mounting. 

http://www.carnes.com/
http://www.nailor.com/
http://www.metalindustriesinc.com/metalaire/
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C. Fabrication:  Aluminum extrusions, with factory baked enamel finish. 
2.05 LINEAR FLOOR SUPPLY REGISTERS/GRILLES 

A. Type:  Streamlined blades with 0 degree deflection, 1/8 x 3/4 inch on 1/4 inch centers, assembled on 
expanded tubes mandrel construction. 

B. Frame: 1-1/4 inch heavy margin frame with countersunk screw mounting, and mounting frame. 
C. Fabrication:  Aluminum extrusions with factory baked enamel finish. 
D. Damper:  Integral gang-operated opposed blade damper with removable key operator, operable from 

face. 
2.06 LOUVERS 

A. Type:  4 inch deep with blades on 45 degree slope with center baffle and return bend, heavy channel 
frame, 1/2 inch square mesh screen over exhaust and 1/2 inch square mesh screen over intake. 
Coordinate Louver Depth with wall (or masonry wall). 

B. Fabrication:  16 gauge thick galvanized steel welded assembly, with factory prime coat finish.  
C. Mounting:  Furnish with interior flat flange for installation. 

 
PART 3 EXECUTION 
3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 
B. Check location of outlets and inlets and make necessary adjustments in position to conform with 

architectural features, symmetry, and lighting arrangement. 
C. Install diffusers to ductwork with air tight connection. 
D. 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. 
 
 

END OF SECTION  
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SECTION 23 41 00 
AIR FILTERS 

PART 1 GENERAL 
1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
Division 1 Specification Sections, apply to this Section. 

1.02 SUMMARY 
A. This Section includes factory fabricated air filter devices and media used to remove particulate matter 

from air for HVAC applications. 
1.03 DEFINITIONS 

A. HEPA:  High efficiency particulate air. 
1.04 SUBMITTALS 

A. Product Data:  Include dimensions; shipping, installed, and operating weights; required clearances and 
access; rated flow capacity, including initial and final pressure drop at rated airflow; efficiency and test 
method; fire classification; furnished specialties; and accessories for each model indicated. 

B. Shop Drawings:  Include plans, elevations, sections, and details to illustrate component assemblies and 
attachments. 
1. Show filter rack assembly, dimensions, materials, and methods of assembly of components. 
2. Include setting drawings, templates, and requirements for installing anchor bolts and 

anchorages. 
3. Wiring Diagrams:  Detail wiring for power, signal, and control systems and differentiate between 

manufacturers installed and field installed wiring. 
C. Maintenance Data:  For each type of filter and rack to include in maintenance manuals specified in 

Division 1. 
1.05 QUALITY ASSURANCE 

A. Product Options:  Drawings indicate size, profiles, and dimensional requirements of air filters and are 
based on the specific system indicated.  Other manufacturers systems with equal performance 
characteristics may be considered.  Refer to Division 1 Section "Substitutions." 

B. Electronic Air Cleaners and Electrical Devices and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100 by a testing agency acceptable to authorities having jurisdiction. 

C. Comply with NFPA 90A and NFPA 90B. 
D. ASHRAE Compliance:  Comply with provisions of ASHRAE 52.1 and 52.2 for method of testing and rating 

air filter units. 
E. Comply with NFPA 70 for installing electrical components. 

1.06 COORDINATION 
A. Coordinate size and location of concrete bases.  Cast anchor bolt inserts into bases.  Concrete, 

reinforcement, and formwork requirements are specified in Division 3 Section "CastinPlace Concrete." 
1.07 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 
1. Provide one complete set of filters for each filter bank.  If system includes pre-filters, provide 

one sets of pre-filters. 
2. Provide two complete sets of filters for each fan coil unit. 
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PART 2 PRODUCTS 
2.01 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products 
that may be incorporated into the Work include, but are not limited to, the following: 
1. Air Filters, Electrostatic Air Cleaners, and Filter Holding Systems: 

a. AAF International.  
b. Farr Co. 
c. Flanders Filters, Inc. 

2. Filter Gauges: 
a. Airguard Industries, Inc.  
b. Dwyer Instruments Inc. 

2.02 FILTER GAUGE REQUIREMENTS 
A. Furnish and install an air filter gauge to indicate the pressure drop across each filter section. Each gauge 

shall be installed in an easily accessible and readable location.  Locate the static pressure tips at least 
1’0” upstream and 1’0” down stream from the filters.  The static heads shall be placed in a zone of 
minimum turbulance.  Properly level inclined manometers and calibrate all filter gauges. 

B. Provide Magnehelic differential pressure gauges complete with static pressure tips, aluminum tubing 
and vent valves for filters mounted above the ceiling.  Remote mount gauge for filters installed above 
ceiling system.  Coordinate gauge location with FAHC Facilities prior to installation. 

2.03 DISPOSABLE PLEATED AIR FILTERS 
A. Disposable pleated filter, cotton polyester media with wire backing.  Filter bonded to heavy paperboard 

or internal metal frame on front, back and sides. Average filter efficiency of 2530% as measured by 
ASHRAE 5276.  Provide permanent holding frame of sizes scheduled on drawings. Provide minimum 
arrestance according to ASHRAE 52.1, and a minimum efficiency reporting value (MERV) according to 
ASHRAE 52.2. 
1. Arrestance (ASHRAE 52.1):  90. 
2. MERV (ASHRAE 52.2):  7. 

2.04 FILTER GAUGES 
A. Description:  Diaphragm type with dial and pointer in metal case, vent valves, black figures on white 

background, and front recalibration adjustment. 
1. Diameter:  41/2 inches 
2. Range:  0 to 3.0inch wg. 

B. ManometerType Filter Gauge:  Molded plastic with epoxycoated aluminum scale, logarithmiccurve 
tube gauge with integral leveling gauge, graduated to read from 0 to 3.0inch wg, and accurate within 3 
percent of full scale range. 

C. Accessories:  Staticpressure tips, tubing, gauge connections, and mounting bracket. 
 
PART 3 EXECUTION 
3.01 INSTALLATION 

A. Install filter frames according to manufacturer's written instructions. 
B. Position each filter unit with clearance for normal service and maintenance. Anchor filter holding 

frames to substrate. 
C. Install filters in position to prevent passage of unfiltered air.  
D. Install filter gauge for each filter bank. 
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E. Install filter gauge staticpressure tips upstream and downstream from filters to measure pressure drop 
through filter.  Mount filter gauges on outside of filter housing or filter plenum in an accessible position.  
Adjust and level inclined gauges. 

F. Coordinate filter installations with duct and airhandling unit installations. G. Electrical wiring and 
connections are specified in Division 26 Sections. 

H. Ground equipment. 
1. Tighten electrical connectors and terminals according to manufacturer's published 

torquetightening values.  If manufacturer's torque values are not indicated, use those specified 
in UL 486A and UL 486B. 

3.02 APPLICATIONS 
A. Install MERV 7 filter to be installed in Heat Pump (HP1) return in factory installed filter "rack".  
B. ERV to be supplied with washable aluminum prefilter and 95% efficient MERV 1 replaceable filter. 

3.03 FIELD QUALITY CONTROL 
A. Manufacturer's Field Service:  Engauge a factoryauthorized service representative to inspect 

fieldassembled components, filter and filterframe installation, and electrical wiring.  Report results in 
writing. 

3.04 CLEANING 
A. After completing system installation and testing, adjusting, and balancing airhandling and 

airdistribution systems, clean filter housings and install new filter media. 
 

 
END OF SECTION 
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SECTION 23 72 27 
AIR TO AIR HEAT RECOVERY UNITS 

PART 1 - GENERAL 
1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
other Division 1 Specification Sections, apply to this Section. 

1.02 RELATED REQUIREMENTS 
A. Section 230548 - Vibration and Seismic Controls for HVAC Piping and Equipment. 
B. Section 230513 - Common Motor Requirements for HVAC Equipment. 
C. Section 233416 - Centrifugal HVAC Fans:  Supply Fans and Exhaust Fans.  
D. Section 23 41 00 - Air Filters 
E. Section 23 82 16 - Air Coils 
F. Section 23 62 13 - Packaged Air-Cooled Refrigerant Compressor and Condenser Units 
G. Section 25 00 00 - HVAC Instrumentation and Controls. 
H. Section 262717 - Equipment Wiring:  Electrical characteristics and wiring connections. 

1.03 SUMMARY 
A. This Section includes Packaged Air to Air Heat Recovery Units. 

1.04 REFERENCE STANDARDS 
A. AHRI 210/240 - Standard for Performance Rating of Unitary Air Conditioning and Air-Source 
Heat Pump Equipment; Air-Conditioning, Heating, and Refrigeration Institute; 2008. 
B. AHRI 270 - Sound Rating of Outdoor Unitary Equipment; Air-Conditioning, Heating, and 
Refrigeration Institute; 2008. 
C. AHRI 520 - Performance Rating of Positive Displacement Condensing Units; Air-

Conditioning, Heating, and Refrigeration Institute; 2004. 
D. ASHRAE Std 23 - Methods of Testing for Rating Positive Displacement Refrigerant 

Compressors and Condensing Units; American Society of Heating, Refrigerating and Air-
Conditioning Engineers, Inc.; 2005. 

E.  ASHRAE Std 90.1 - Energy Standard for Buildings Except Low-Rise Residential Buildings; American 
Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.; 2007, Including All Addenda 
(ANSI/ASHRAE/ 

F. ASHRAE Std 90.2 - Energy Efficient Design of New Low-Rise Residential Buildings; American 
Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.; 2007. 

G. NEMA MG 1 - Motors and Generators; National Electrical Manufacturers Association; 2009, Revision 
1 - 2010. 

H. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 
by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 

I. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; National 
Fire Protection Association; 2009. 

J. UL 207 - Refrigerant-Containing Components and Accessories, Nonelectrical; Underwriters Laboratories 
Inc.; Current Edition, Including All Revisions. 

1.05 SUBMITTALS 
A. Product Data: Include manufacturer's technical data for each model indicated, including rated 

capacities of selected model clearly indicated; dimensions; required clearances; shipping, installed, 
and operating weights; furnished specialties; accessories; and installation and startup instructions. 
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B. Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loadings, required 
clearances, method of field assembly, components, and location and size of each field connection. 

C. Wiring Diagrams: Detail wiring for power, signal, and control systems and differentiate 
between manufacturer-installed and field-installed wiring. 

D. Commissioning Reports: Indicate results of startup and testing commissioning requirements. 
E. Maintenance Data: Maintenance manuals specified in Division 1. 
F. Warranties: Special warranties specified in this Section. 

1.06 QUALITY ASSURANCE 
A. Listing and Labeling: Provide electrically operated components specified in this Section that are 

listed and labeled. 
1. The air handling unit(s) shall be certified in accordance with UL Standard 1995 and CSA-C22.2 

No. 236 
2. The air handling unit(s) shall be safety certified by an accredited testing laboratory and the 

nameplate shall carry the label of the certification agency. 
1.07 DELIVERY, STORAGE, AND HANDLING 

A. Deliver air handling units as factory-assembled (ship unassembled) as recommended by the 
manufacturer. 

B. Coordinate delivery of units in sufficient time to allow movement into building. 
C. Handle air handling units to comply with manufacturer's written rigging and installation 

instructions for unloading and moving to final location. 
1.08 COORDINATION 

A. Coordinate installation of air handling units including, but not limited to, structural support of unit, piping 
size and connection location, and electrical power and control wiring. 

1.09 REGULATORY REQUIREMENTS  
A. Conform to NFPA 70. 
B. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories Inc., as 

suitable for the purpose specified and indicated. 
1.10 WARRANTY 

A. General Warranty 
B. Special Warranty: A written warranty, executed by the manufacturer and signed by the Contractor, 

agreeing to replace components that fail in materials or workmanship, within the specified warranty 
period, provided manufacturer's written instructions for installation, operation, and maintenance have 
been followed. 

 
PART 2 - PRODUCTS 
2.01 MANUFACTURERS 

A. Manufacturers: Subject to strict compliance with the requirements of this specification, provide 
products by one of the following: 

  1. Energy Recovery Units: 
a. Ultimate Air.  
b. Or Equal 

2.02 AIR HANDLING UNITS 
A. Description: Factory assembled (shipped unassembled) air handling units designed to the 

performance scheduled and including components as shown on the drawings. 
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B. Construction: 
1. Unit specific color-coded wiring diagrams shall match the unit color-coded wiring and will 

be provided in both point-to-point and ladder form. 
2. Diagrams shall also be laminated in plastic and permanently affixed inside the control 

compartment. 
3. Access to filters, blower, heating section, and other items needing periodic checking or 

maintenance shall be through hinged access doors with quarter turn latches or removable 
access panel. 

4. Hinged access doors shall have stainless steel hinges with removable pin and full perimeter 
gasketing and open against air pressure. 

5. Unit shall have decals and tags to indicate service areas and caution areas. Installation and 
maintenance manuals shall be supplied with each unit. 

C. Fan Module: 
1. Fan motors shall be premium efficiency – Motors for use with integral speed controller. 
2. Variable speed drive shall be factory mounted and wired to the fan motor. 
3.  Unit shall be provided with a factory installed and wired internal disconnect. 
4. Unit shall be provided with a factory installed and field wired 115 volt, 15 amp ground fault 

service receptacle. 
D. Control Module: 

1. The control panel module size shall be required as necessary or optionally selected, and shall 
be selected to provide adequate space for power and control options. 
a. Unit shall be provided with a factory installed and wired speed controller. 
b. Control module shall accept inputs from CO2 and Bathroom timer for airflow Boost 

Function. 
c. Unit shall be provided with a factory installed and field wired 115 volt, 15 amp 

ground fault service receptacle. 
E. Energy Recovery Module: 

1. The heat recovery module shall be factory mounted and tested heat recovery flat-plate 
heat exchanger. The heat recovery module shall be mounted in a rigid frame. 

2. The heat recovery cassette shall be rated in accordance with ARI Standard 1060 and shall bear 
the ARI certification symbol. 

3. Heat Exchanger:  95% efficient media. 
4. Heat recovery wheel cassette shall carry a 5 year non-prorated warranty.  

F. Filter Modules: 
1. The filter module(s) shall be provided and shall include filters as specified. The filter rack shall be 

constructed of galvanized steel and shall be an integral part of the module. 
2. Filter options: 

a. Outdoor Air Stream (upstream of Heat Recovery Core): washable aluminum 
pre-filters with 95% (MERV 12) final filters. 

b. Clogged filter indicator. 
G. Controls: 

1. Factory installed field controller. See Controls drawing and Mechanical Schedule for 
options. 
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PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that concrete pad is ready to receive work and opening dimensions are as indicated on shop 
drawings. 

B. Verify that proper power supply is available within maximum length of power supply cord. 
3.02 INSTALLATION 

A. Install in accordance with manufacturer's instructions.  
B. Install in accordance with NFPA 90A. 
C. Ceiling mounts per manufacturer's recommendations. 

3.03 SYSTEM STARTUP 
A. Prepare and start equipment.  Adjust for proper operation. 

3.04 CLOSEOUT ACTIVITIES 
A. Demonstrate operation to Owner's maintenance personnel. 

3.05 MAINTENANCE 
A.    Include maintenance items as outlined in manufacturer's operating and maintenance data, including 

minimum of six filter replacements, minimum of one fan belt replacement, and controls check-out, 
adjustments, and recalibration. 

 
 

END OF SECTION
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SECTION 23 81 27 
SMALL SPLIT-SYSTEM HEATING AND COOLING 

PART 1 GENERAL 
 
1.01 SECTION INCLUDES 

A. Air-source heat pumps. 
B. Air cooled condensing units. 
C. Indoor air handler (fan & coil) units for duct connection.  
D. Controls. 

1.02 RELATED REQUIREMENTS 
A. Section 233100 - HVAC Ducts and Casings.  
B. Section 232300 - Refrigerant Piping. 
C. Section 262717 - Equipment Wiring:  Electrical characteristics and wiring connections and installation 

and wiring of thermostats and other controls components. 
1.03 REFERENCE STANDARDS 

A. AHRI 210/240 - Standard for Performance Rating of Unitary Air Conditioning and Air-Source Heat Pump 
Equipment; Air-Conditioning, Heating, and Refrigeration Institute; 2008. 

B. AHRI 270 - Sound Rating of Outdoor Unitary Equipment; Air-Conditioning, Heating, and Refrigeration 
Institute; 2008. 

C. AHRI 520 - Performance Rating of Positive Displacement Condensing Units; Air-Conditioning, Heating, 
and Refrigeration Institute; 2004. 

D. AHRI 610 - Performance Rating of Central System Humidifiers for Residential Applications; Air 
Conditioning, Heating, and Refrigeration Institute; 2004. 

E. ASHRAE Std 15 - Safety Standard for Refrigeration Systems; American Society of Heating, Refrigerating 
and Air-Conditioning Engineers, Inc.; 2010 (ANSI/ASHRAE Std 15). 

F. ASHRAE Std 23.1 - Methods of Testing for Rating Positive Displacement Refrigerant Compressors and 
Condensing Units; American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.; 2010. 

G. ASHRAE Std 90.1 - Energy Standard for Buildings Except Low-Rise Residential Buildings; American Society 
of Heating, Refrigerating and Air-Conditioning Engineers, Inc.; 2010, Including All Addenda 
(ANSI/AHSRAE/ 

H. ASHRAE Std 90.2 - Energy-Efficient Design of New Low-Rise Residential Buildings; American Society of 
Heating, Refrigerating and Air-Conditioning Engineers, Inc.; 2007. 

I. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; National Fire 
Protection Association; 2012. 

J. NFPA 90B - Standard for the Installation of Warm Air Heating and Air Conditioning Systems; National 
Fire Protection Association; 2012. 

K. UL 207 - Refrigerant-Containing Components and Accessories, Nonelectrical; Underwriters Laboratories 
Inc.; Current Edition, Including All Revisions. 

1.04 SUBMITTALS 
A. Product Data:  Provide rated capacities, weights, accessories, electrical nameplate data, and wiring 

diagrams. 
B. Shop Drawings:  Indicate assembly, required clearances, and location and size of field connections. 
C. Design Data:  Indicate refrigerant pipe sizing. 
D. Manufacturer's Instructions:  Indicate rigging, assembly, and installation instructions.  
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E. Project Record Documents:  Record actual locations of components and connections 
F. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating instructions, 

installation instructions, maintenance and repair data, and parts listing. 
G. Warranty:  Submit manufacturer’s warranty and ensure forms have been filled out in Owner s name and 

registered with manufacturer. 
 
PART 2 PRODUCTS 
2.01 MANUFACTURERS 

A. Daikin; www.daikinac.com 
B. Mitsubishi Electric; www.mitsubishipro.com 

2.02 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. Heating and Cooling:  Air-source electric heat pump located in outdoor unit with evaporator 

located in the mechanical room. 
2. Provide refrigerant lines internal to units and between indoor and outdoor units, factory 

cleaned, dried, pressurized and sealed, with insulated suction line. Install and size per 
manufacturer's recommendations. 

B. Performance Requirements:  . 
1. Efficiency: 

a. Seasonal Energy Efficiency Ratio: 20, minimum.  
b. Heating COP: 4.0, minimum. 

2. Air Handling: 
a. Air Flow:  600 cfm. 
b. External Static Pressure Resistance:  0.5 inch wg. 

3. Heating Performance Requirements: 
a. Heating Output:  20,000 Btuh. 

4. Cooling Performance Requirements: 
a. Evaporator Cooling Output:  18,000 Btuh.  
b. Air Temperature Entering Evaporator: 

1) Dry Bulb:  80 degrees F. 
2) Wet Bulb:  67 degrees F. 

c. Condenser Cooling Rated Ambient Air Temperature:  95 degrees F.  
d. Condenser Heating Rated Ambient Air Temperature:  47 degrees F. 

C. Electrical Characteristics: 
1. 1.47 kW. 
2. 240 volts, single phase, 60 Hz. 
3. 20 amperes maximum fuse size. 
4. Disconnect Switch:  Factory mount disconnect switch on equipment under provisions of Section 

262717. 
2.03 INDOOR UNITS FOR DUCTED SYSTEMS 

A. Indoor Units:  Self-contained, packaged, factory assembled, pre-wired unit consisting of cabinet, supply 
fan, heating and cooling element(s), controls, and accessories; wired for single power connection with 
control transformer. 

http://www.daikinac.com/
http://www.mitsubishipro.com/
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1. Air Flow Configuration:  Upflow. 
2. Cabinet:  Steel with baked enamel finish, easily removed and secured access doors with safety 

interlock switches, glass fiber insulation with reflective liner. 
B. Supply Fan:  Centrifugal type rubber mounted with direct or belt drive with adjustable variable pitch 

motor pulley. 
1. Motor:  NEMA MG 1; 1750 rpm single speed, permanently lubricated, hinge mounted. 
2. Motor Electrical Characteristics: 

C. Air Filters:  Replaceable type arranged for easy replacement in return air stream.  Unit to provide special 
slot for filter. 

D. 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 listed. 
2. Manufacturers:  System manufacturer. 

2.04 OUTDOOR UNITS 
A. Outdoor Units:  Self-contained, packaged, pre-wired unit consisting of cabinet, with compressor and 

condenser. 
1. Refrigerant:  R-410A. 
2. Construction and Ratings:  In accordance with AHRI 210/240 with testing in accordance with 

ASHRAE Std 23 and UL listed. 
3. Sound Rating:  69 dBA, when measured in accordance with AHRI 270. 

B. Air Cooled Condenser:  ARI 520;   Aluminum fin and copper tube coil, with direct drive axial propeller fan 
resiliently mounted, galvanized fan guard. 

C. 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.  

D. Operating Controls: 
1. Control by factory supplied room thermostat to maintain room temperature setting. 

E. Unit to be provided with low ambient kit to allow cold weather operation.  Daikin unit requires optional 
wind baffle. 

 
PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that proper power supply is available and in correct location. 
3.02 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. 
D. Pipe drain from heat pump to lavatory drain.  If slope will not allow connection, provide external 

condensate pump to provide adequate system drainage.  
 
 

END OF SECTION
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SECTION 25 00 00 
HVAC INSTRUMENTATION AND CONTROLS 

 
PART 1 GENERAL 
 
1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
Division 1 Specification Sections, apply to this Section. 

B. Section 262717 - Equipment Wiring:  Electrical characteristics and wiring connections. 
1.02 SUMMARY 

A. This Section includes control equipment for HVAC systems and components, including control 
components for terminal heating and cooling units not supplied with factory-wired controls. 

1.03 REFERENCE STANDARDS 
A. A. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements 
1.04 SYSTEM DESCRIPTION 

A. Control system consists of sensors, indicators, actuators, final control elements, interface equipment, 
other apparatus, accessories. 

B. Provide control systems consisting of thermostats, control valves, dampers and operators, indicating 
devices, interface equipment and other apparatus and accessories required to operate mechanical 
systems, and to perform functions specified. 

C. Include installation and calibration, supervision, adjustments, and fine tuning necessary for complete 
and fully operational system. 

1.05 SEQUENCE OF OPERATION  
A. As specified in the drawings 

1.06 SUBMITTALS 
A. Product Data:  Include manufacturer's technical literature for each control device.  Indicate dimensions, 

capacities, performance characteristics, electrical characteristics, finishes for materials, and installation 
and startup instructions for each type of product indicated. 
1. Each control device labeled with setting or adjustable range of control. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each field connection. 
1. Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and control devices. 
2. Wiring Diagrams:  Power, signal, and control wiring.  Differentiate between manufacturer-

installed and field-installed wiring. 
3. Written description of sequence of operation. 
4. Schedule of dampers including size, leakage, and flow characteristics. 
5. Schedule of valves including leakage and flow characteristics.  

C. Samples:  For each color required, of each type of thermostat cover. 
D. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements. 
E. Qualification Data:  For firms and persons specified in "Quality Assurance" Article. 
F. Project Record Documents:  Record actual locations of control components, including control units, 

thermostats, and sensors. Revise Shop Drawings to reflect actual installation and operating sequences. 
1.07 QUALITY ASSURANCE 
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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. Perform work in accordance with NFPA 70. 
C. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilation Systems." 

1.08 DRAWINGS USE AND INTERPRETATION 
A. It is not the intention of the drawings to show every item, piece of equipment, and detail related to the 

project. 
B. The drawings are diagrammatical and indicate the general arrangement of systems and equipment, 

unless indicated otherwise by dimension or Detail Drawings. For exact locations of building elements, 
refer to dimensioned Architectural/Structural Drawings.  However, field measurements take precedence 
over dimensioned drawings.  The installation of all systems and equipment is subject to clarification as 
indicated in reviewed shop drawings and field coordination drawing requirements specified in Division 1 
– General Requirements, and the General Conditions. 

1.09 DELIVERY, STORAGE, AND HANDLING 
A. Factory-Mounted Components:  Where control devices specified in this Section are indicated to be 

factory mounted on equipment, arrange for shipping of control devices to unit manufacturer. 
1.10  COORDINATION 

A. Coordinate location of thermostats, humidistats, and other exposed control sensors with plans and 
room details before installation. 

1.11  MAINTENANCE SERVICE 
A. Provide service and maintenance of energy management and control systems for one years from Date of 

Substantial Completion. 
B. Provide two complete inspections per year, one in each season, to inspect, calibrate, and adjust controls 

as required, and submit written reports. 
 
PART 2 PRODUCTS 
2.01 SENSORS 

A. Electronic Sensors:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as 
required. 
1. Thermistor temperature sensors as follows: 

a. Accuracy:  Plus or minus 0.36 deg F at calibration point.  
b. Wire:  Twisted, shielded-pair cable. 

2. Resistance Temperature Detectors:  Platinum. 
a. Accuracy:  Plus or minus 0.2 percent at calibration point.  
b. Wire:  Twisted, shielded-pair cable. 
c. Room Sensors:  Match room thermostats, locking cover. 
d. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight. 

B. Occupancy Sensor:  Passive infrared, with time delay, daylight sensor lockout, sensitivity control, and 
180-degree field of view with vertical sensing adjustment, for flush mounting. 

2.02 THERMOSTATS 
A. Room Thermostats: Electronic, microcomputer-based room thermostat with digital readout. 

1. 10K ohm thermistor w/ 0.36°F standard accuracy and 0.18°F drift over a ten year space. 
2. Concealed communications port for laptop access. 
3. Multiple units can be daisy chained to one controller. 
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4. LCD display capable of indicating zone temperature, heating set point, cooling set point and 
outdoor air temperature. 

5. Mounting: On wall per manufacturer's recommendations. 
B. Immersion Thermostat:  Remote-bulb or bimetal rod-and-tube type, proportioning action with 

adjustable throttling range and adjustable set point. 
2.03 HUMIDISTATS 

A. Room Humidistat (Same unit at Heat Pump room thermostat): 
1. Wall mounted, proportioning type. 
2. Throttling range:  Adjustable 2 percent relative humidity. 
3. Operating range:  30 to 80 percent. 
4. Maximum temperature:  110 degrees F. 
5. Cover:  Set point indication. 

2.04 ACTUATORS 
A. Electric Motors:  Size to operate with sufficient reserve power to provide smooth modulating action or 

two-position action. 
1. Permanent Split-Capacitor or Shaded-Pole Type:  Gear trains completely oil immersed and 

sealed.  Equip spring-return motors with integral spiral-spring mechanism in housings designed 
for easy removal for service or adjustment of limit switches, auxiliary switches, or feedback 
potentiometer. 

2. Nonspring-Return Motors for Valves Larger Than NPS 2-1/2:  Size for running torque of 150 in. x 
lbf and breakaway torque of 300 in. x lbf. 

3. Spring-Return Motors for Valves Larger Than NPS 2-1/2:  Size for running and breakaway torque 
of 150 in. x lbf. 

4. Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft:  Size for running torque of 150 in. 
x lbf and breakaway torque of 300 in. x lbf. 

5. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft:  Size for running and breakaway 
torque of 150 in. x lbf. 

B. Electronic Damper and Large-Valve Actuators:  Direct-coupled type designed for minimum 60,000 full-
stroke cycles at rated torque. 
1. Valves:  Size for torque required for valve close-off at maximum pump differential pressure. 
2. Dampers:  Size for running torque calculated as follows: 
 a. Opposed-Blade Damper with Edge Seals:  5 inch-pounds/sq. ft. of damper. 
3. Coupling:  V-bolt and V-shaped, toothed cradle. 
4. Overload Protection:  Electronic overload or digital rotation-sensing circuitry. 
5. Fail-Safe Operation:  Mechanical, spring-return mechanism.  Provide external, manual gear 

release on non-spring-return actuators. 
6. Power Requirements Two-Position Spring Return:  120-V ac. 
7. Temperature Rating:  Minus 22 to plus 122 deg F. 
8. Temperature Rating (Smoke Dampers):  Minus 22 to plus 250 deg F. 
9. Run Time:  12 seconds open, 5 seconds closed. 

2.05 CONTROL VALVES 
A. Control Valves:  Factory fabricated, of type, body material, and pressure class based on maximum 

pressure and temperature rating of piping system, unless otherwise indicated. 
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B. Globe Valves NPS 2 and Smaller:  Bronze body, bronze trim, rising stem, renewable composition disc, 
and screwed ends with backseating capacity repackable under pressure. 

C. Globe Valves NPS 2-1/2 and Larger:  Iron body, bronze trim, rising stem, plug-type disc, flanged ends, 
and renewable seat and disc. 

D. Hydronic system globe valves shall have the following characteristics: 
1. Rating:  Class 125 for service at 125 psig and 250 deg F operating conditions. 
2. Internal Construction:  Replaceable plugs and seats of stainless steel or brass. 

a. Single-Seated Valves:  Cage trim provides seating and guiding surfaces for plug on top 
and bottom of guided plugs. 

3. Sizing:  3-psig maximum pressure drop at design flow rate. 
4. Flow Characteristics:  Two-way valves shall have equal percentage characteristics; three-way 

valves shall have linear characteristics. Operators shall close valves against pump shutoff head. 
E. Butterfly Valves:  200-psig, 150-psig maximum pressure differential, ASTM A 126 cast-iron or ASTM A 

536 ductile-iron body and bonnet, extended neck, stainless-steel stem, field-replaceable Buna N sleeve 
and stem seals. 
1. Body Style:  Wafer. 
2. Disc Type:  316 Stainless Steel. 
3. Sizing:  1-psig maximum pressure drop at design flow rate. 

F. Terminal Unit Control Valves:  Bronze body, bronze trim, two- or three-port as indicated, replaceable 
plugs and seats, union and threaded ends. 
1. Rating:  Class 125 for service at 125 psig and 250 deg F operating conditions. 
2. Sizing:  3-psig maximum pressure drop at design flow rate, to close against pump shutoff head. 
3. Flow Characteristics:  Two-way valves shall have equal percentage characteristics;t hree-way 

valves shall have linear characteristics. 
2.06 DAMPERS 

A.  Dampers:  AMCA-rated, opposed blade design; 0.1084-inch minimum, galvanized-steel frames with 
holes for duct mounting; damper blades shall not be less than 0.0635-inch galvanized steel with 
maximum blade width of 8 inches. 
1. Blades shall be secured to 1/2-inch diameter, zinc-plated axles using zinc-plated hardware, with 

nylon blade bearings, blade-linkage hardware of zinc-plated steel and brass, ends sealed against 
spring-stainless-steel blade bearings, and thrust bearings at each end of every blade. 

2. Operating Temperature Range:  From minus 40 to plus 200 deg F. 
3. For standard applications, include optional closed-cell neoprene edging. 
4.     For low-leakage applications, use opposed-blade design with inflatable seal blade edging, or 

replaceable rubber seals, rated for leakage at less than 10 cfm per sq. ft of damper area, at 
differential pressure of 4 inches wg when damper is being held by torque of 50 in.  lbf; when 
tested according to AMCA 500D. 

 
PART 3 EXECUTION 
3.01 ARANGEMENT OF WORK 

A. Install work as closely as possible to layouts shown on contract drawings. Modify work as necessary to 
provide maximum possible headroom and space clearance on each side.  Provide adequate clearance 
and ready access to all parts of the work, for inspection operation, safe maintenance and repair, and 
code conformance.  Coordinate and arrange work to avoid conflicts with other trades and as needed for 
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satisfactory space conditions shown on coordination drawing submittals.  Where space appears to be 
inadequate consult Design Professional before proceeding with installation. 

3.02 COORDINATION 
A. Examine Contract Documents and coordinate with contractor and other trades as necessary to facilitate 

the progress of work. 
B. Furnish services of experienced electrical superintendent who shall be constantly in charge of electrical 

work, together with skilled laborers required to unload, transfere, erect, connect, adjust, start, operate, 
and test each system. 

C. Do not install a system until critical components of systems and related systems have been coordinated 
and applicable shop drawings have been approved. 

3.03 PROTECTION 
A. The Controls Contractor shall be responsible for work and equipment until fully inspected, tested and 

accepted.  Carefully store materials and equipment, which is not immediately installed after delivery to 
site.  Close open ends of work with temporary covers or plug during construction to prevent entry of 
obstructing material or damaging water. 

3.04 LUBRICATION 
A. Equipment shall be furnished and installed so that lubrication points are conveniently and readily 

accessible for maintenance. Make these provisions by whatever means is appropriate: extended 
fittings, access doors, equipment location, etc. Provide lube sites for grease fittings. 

3.05 TESTING AND BALANCING 
A. Provide controls systems operations during the mechanical systems adjustment period at the 

completion of each phase of the project, and during the final testing and balancing procedures. 
Document all issues encountered during the mechanical systems adjustment period.  Submit three 
copies of issues to Owner’s Construction Supervisor. 

3.06 INSTALLATION 
A. Install equipment level and plumb. 
B. Verify location of thermostats, humidistats, and other exposed control sensors with plans and room 

details before installation.  Coordinate location with owner. 
1. Install averaging elements in ducts and plenums in crossing or zigzag pattern.  

C. Install automatic dampers according to Division 23 Section "Duct Accessories." 
D. Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor 

temperatures. 
E. Install labels and nameplates to identify control components according to Division 23 Section 

"Mechanical Identification." 
F. Install hydronic instrument wells, valves, and other accessories according to Division 23 Section 

"Hydronic Piping." 
G. Install refrigerant instrument wells, valves, and other accessories according to Division 23 Section 

"Refrigerant Piping." 
H. Install duct volume-control dampers according to Division 23 Sections specifying air ducts. 

3.07 ELECTRICAL WIRING AND CONNECTION INSTALLATION 
A. Controls Contractor is responsible for all controls wiring and conduit.  
B. All controls conductors shall be installed in conduit. 

1. Minimum conduit size shall be ½” EMT. 
C. Install raceways, boxes, and cabinets according to Division 26 Section "Raceways and Boxes."  
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D. Install building wire and cable according to Division 26 Section "Conductors and Cables." 
1. Install controls conductors in minimum ½” EMT 
2. Number-code or color-code conductors for future identification and service of control system, 

except local individual room control cables. 
3.08 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections. Drawings indicate general 
arrangement of piping, fittings, and specialties. 
1. Install piping adjacent to machine to allow service and maintenance.  

B. Ground equipment. 
1. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 
486A and UL 486B. 

3.09 FIELD QUALITY CONTROL 
A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect field-

assembled components and equipment installation, including piping and electrical connections. Report 
results in writing. 
1. Leak Test:  After installation, charge system and test for leaks. Repair leaks and retest until no 

leaks exist. 
2. Operational Test:  After electrical circuitry has been energized, start units to confirm proper unit 

operation.  Remove malfunctioning units, replace with new units, and retest. 
3. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment, and retest. 
4. Pressure test control air piping at 30 psig or 1.5 times the operating pressure for 24 hours, with 

maximum 5-psig loss. 
5. Pressure test high-pressure control air piping at 150 psig and low-pressure control air piping at 

30 psig for 2 hours, with maximum 1-psig loss. 
6. Calibration test pneumatic and electronic controllers by disconnecting input sensors and 

stimulating operation with compatible signal generator. 
B. Replace damaged or malfunctioning controls and equipment. 

1. Start, test, and adjust control systems. 
2. Demonstrate compliance with requirements, including calibration and testing, and control 

sequences. 
3. Adjust, calibrate, and fine tune circuits and equipment to achieve sequence of operation 

specified. 
 
 

END OF SECTION 
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SECTION 26 05 19  
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

 
PART 1 GENERAL 

 
1.01 SECTION INCLUDES 

A. Single conductor building wire.  
B. Nonmetallic-sheathed cable. 
C. Service entrance cable.  
D. Metal-clad cable. 
E. Wiring connectors.  
F. Electrical tape. 
G. Oxide inhibiting compound.  
H. Wire pulling lubricant. 

1.02 RELATED REQUIREMENTS 
A. Section 078400 - Firestopping. 
B. Section 260501 - Minor Electrical Demolition:  Disconnection, removal, and/or extension of existing 

electrical conductors and cables. 
C. Section 260526 - Grounding and Bonding for Electrical Systems:  Additional requirements for 

grounding conductors and grounding connectors. 
D. Section 260553 - Identification for Electrical Systems:  Identification products and 

requirements. 
E. Section 263100 - Photovoltaic Collectors:  Additional wiring requirements for photovoltaic systems. 
F. Section 283100 - Fire Detection and Alarm:  Fire alarm system conductors and cables. 

1.03 REFERENCE STANDARDS 
A. ASTM B3 - Standard Specification for Soft or Annealed Copper Wire; 2001 (Reapproved 2007). 
B. ASTM B8 - Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-

Hard, or Soft; 2011. 
C. ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for Electrical Purposes; 

2010. 
D. ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-Stranded Copper 

Conductors for Subsequent Insulation; 2004 (Reapproved 2009). 
E. ASTM B800 - Standard Specification for 8000 Series Aluminum Alloy Wire for Electrical Purposes - 

Annealed and Intermediate Tempers; 2005 (Reapproved 2011). 
F. ASTM B801 - Standard Specification for Concentric-Lay-Stranded Conductors of 8000 Series Aluminum 

Alloy Wire for Subsequent Covering of Insulation; 2007 
G. ASTM D3005 - Standard Specification for Low-Temperature Resistant Vinyl Chloride Plastic Pressure-

Sensitive Electrical Insulating Tape; 2010. 
H. ASTM D4388 - Standard Specification for Nonmetallic Semi-Conducting and Electrically Insulating Rubber 

Tapes; 2008. 
I. FS A-A-59544 - Cable and Wire, Electrical (Power, Fixed Installation); Federal Specification; Revision A, 

2008. 
J. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical Contractors 

Association; 2010. 
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K. NECA 104 - Recommended Practice for Installing Aluminum Building Wire and Cable; National 

Electrical Contractors Association; 2006 (NECA/AA 104). 
L. NECA 120 - Standard for Installing Armored Cable (AC) and Metal-Clad Cable (MC); National 

Electrical Contractors Association; 2006. 
M.    NECA 121 - Standard for Installing Nonmetallic-Sheathed Cable (Type NM-B) and Underground 

Feeder and Branch-Circuit Cable (Type UF); National Electrical Contractors Association; 2007. 
N. NEMA WC 70 - Power Cables Rated 2000 Volts or Less for the Distribution of Electrical Energy; 

National Electrical Manufacturers Association; 2009 (ANSI/NEMA WC 70/ICEA S-95-658). 
O. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and 

Systems; International Electrical Testing Association; 2009. 
P. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 
Q. UL 44 - Thermoset-Insulated Wires and Cables; Current Edition, Including All Revisions. 
R. UL 83 - Thermoplastic-Insulated Wires and Cables; Current Edition, Including All Revisions.  
S. UL 486A-486B - Wire Connectors; Current Edition, Including All Revisions. 
T. UL 486C - Splicing Wire Connectors; Current Edition, Including All Revisions. 
U. UL 486D - Sealed Wire Connector Systems; Current Edition, Including All Revisions. 
V. UL 510 - Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape; Current Edition, Including 

All Revisions. 
W.   UL 719 - Nonmetallic-Sheathed Cables; Current Edition, Including All Revisions.  
X. UL 854 - Service-Entrance Cables; Current Edition, Including All Revisions. 

1.04 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 of any conflicts with or deviations from the contract documents. Obtain 

direction before proceeding with work. 
1.05 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide manufacturer's standard catalog pages and data sheets for conductors and 

cables, including detailed information on materials, construction, ratings, listings, and available 
sizes, configurations, and stranding. 

1.06 QUALITY ASSURANCE 
A. Conform to requirements of NFPA 70. 

1.07 DELIVERY, STORAGE, AND HANDLING 
A. Receive, inspect, handle, and store conductors and cables in accordance with manufacturer's 

instructions. 
1.08 FIELD CONDITIONS 
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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 and obtain direction before proceeding with work. 

 
PART 2 PRODUCTS 
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2.01 CONDUCTOR AND CABLE APPLICATIONS 
A. Do not use conductors and cables for applications other than as permitted by NFPA 70 and  
B. Provide single conductor building wire installed in suitable raceway unless otherwise 

indicated, permitted, or required. 
C. Nonmetallic-sheathed cable is permitted only as follows: 

1. Where not otherwise restricted, may be used: 
a. For branch circuit wiring in dry locations within one- and two-family dwellings and their 

attached or detached garages, and their storage buildings. 
b. For branch circuit wiring in dry locations within multifamily dwellings permitted to be of 

Types III, IV, and V construction. 
2. In addition to other applicable restrictions, may not be used: 

a. Where exposed to view. 
b. Where exposed to damage. 
c. For damp, wet, or corrosive locations. 

D. Service entrance cable is permitted only as follows: 
1. Where not otherwise restricted, may be used: 

a. For overhead service drop, installed in raceway to service head. 
2. In addition to other applicable restrictions, may not be used: 

a. Where exposed to damage. 
2.02 ALL CONDUCTORS AND CABLES 

A. Provide products that comply with requirements of NFPA 70. 
B. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the 

purpose indicated. 
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 260526. 
H. Conductors and Cables Installed Where Exposed to Direct Rays of Sun:  Listed and labeled as sunlight 

resistant. 
I. Conductor Material: 

1. Provide copper conductors except where aluminum conductors are specifically indicated. 
Substitution of aluminum conductors for copper is not permitted. Conductor sizes indicated are 
based on copper unless specifically indicated as aluminum. Conductors designated with the 
abbreviation "AL" indicate aluminum. 

2. Copper Conductors:  Soft drawn annealed, 98 percent conductivity, uncoated copper 
conductors complying with ASTM B3, ASTM B8, or ASTM B787/B 787M unless otherwise 
indicated. 

3. Tinned Copper Conductors:  Comply with ASTM B33. 
4. Aluminum Conductors (only where specifically indicated or permitted for substitution): AA-

8000 series aluminum alloy conductors recognized by ASTM B800 and compact stranded in 
accordance with ASTM B801 unless otherwise indicated. 

J. Minimum Conductor Size: 
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1. Branch Circuits:  12 AWG.  
a. Exceptions: 

1) 20 A, 120 V circuits longer than 75 feet:  10 AWG, for voltage drop. 
2) 20 A, 120 V circuits longer than 150 feet:  8 AWG, for voltage drop. 

2. Control Circuits:  14 AWG.  
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. 240/120 V, 1 Phase, 3 Wire System: 
1) Phase A:  Black. 
2) Phase B: Red. 
3) Neutral/Grounded:  White. 

b. Equipment Ground, All Systems:  Green. 
c. Travelers for 3-Way and 4-Way Switching:  Pink. 
d. For control circuits, comply with manufacturer's recommended color code. 

2.03 SINGLE CONDUCTOR BUILDING WIRE 
A. Description:  Single conductor insulated wire. 
B. Conductor Stranding: 

1. Feeders and Branch Circuits: 
a. Size 10 AWG and Smaller:  Solid.  
b. Size 8 AWG and Larger:  Stranded. 

2. Control Circuits:  Stranded.  
C. Insulation Voltage Rating:  600 V.  
D. Insulation: 

1. Copper Building Wire:  Type THHN/THWN or THHN/THWN-2, except as indicated below. 
a. Size 4 AWG and Larger:  Type XHHW-2.  
b. Installed Underground:  Type XHHW-2. 
c. Fixture Wiring Within Luminaires:  Type TFFN/TFN for luminaires with labeled maximum 

temperature of 90 degrees C; Approved suitable type for luminaires with labeled 
maximum temperature greater than 90 degrees C. 

2. Aluminum Building Wire (only where specifically indicated or permitted for 
substitution):  Type XHHW-2. 

2.04 NONMETALLIC-SHEATHED CABLE 
A. Description:  NFPA 70, Type NM multiple-conductor cable listed and labeled as complying with UL 

719, Type NM-B. 
B. Conductor Stranding: 

1. Size 10 AWG and Smaller:  Solid. 
2. Size 8 AWG and Larger:  Stranded.  

C. Insulation Voltage Rating:  600 V. 
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2.05 SERVICE ENTRANCE CABLE 
A. Service Entrance Cable for Above-Ground Use:  NFPA 70, Type SE multiple-conductor cable listed and 

labeled as complying with UL 854, Style R. 
B. Conductor Stranding:  Stranded. 
C. Insulation Voltage Rating:  600 V. 

2.06 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.  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. 
3. Connectors for Aluminum Conductors: Use compression connectors.  

 C. 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. Provide motor pigtail connectors for connecting motor leads in order to facilitate 
disconnection. 

5. Copper Conductors Size 8 AWG and Larger:  Use mechanical connectors or compression 
connectors where connectors are required. 

6. Aluminum Conductors: Use compression connectors for all connections. 
7. Stranded Conductors Size 10 AWG and Smaller:  Use crimped terminals for connections to 

terminal screws. 
8. Conductors for Control Circuits:  Use crimped terminals for all connections. 

D. Do not use insulation-piercing or insulation-displacement connectors designed for use with 
conductors without stripping insulation. 

E. Do not use push-in wire connectors as a substitute for twist-on insulated spring connectors. 
F. 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. 

G. Mechanical Connectors:  Provide bolted type or set-screw type. 
H. Compression Connectors:  Provide circumferential type or hex type crimp configuration. 
I. Crimped Terminals:  Nylon-insulated, with insulation grip and terminal configuration suitable for 

connection to be made. 
2.07 WIRING ACCESSORIES  

A. Electrical Tape: 
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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. 

3. Rubber Splicing Electrical Tape:  Ethylene Propylene Rubber (EPR) tape, complying with ASTM 
D4388; minimum thickness of 30 mil; suitable for continuous temperature environment up to 
194 degrees F and short-term 266 degrees F overload service. 

4. Electrical Filler Tape:  Rubber-based insulating moldable putty, minimum thickness of 125 mil; 
suitable for continuous temperature environment up to 176 degrees F. 

5. Moisture Sealing Electrical Tape:  Insulating mastic compound laminated to flexible, all-
weather vinyl backing; minimum thickness of 90 mil. 

B. Oxide Inhibiting Compound:  Listed; suitable for use with the conductors or cables to be 
installed. 

C. Wire Pulling Lubricant:  Listed; suitable for use with the conductors or cables to be installed and 
suitable for use at the installation temperature. 

 
PART 3 EXECUTION 
3.01 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 shown on the drawings. 
E. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 PREPARATION 
A. Clean raceways thoroughly to remove foreign materials before installing conductors and cables. 

3.03 INSTALLATION 
A. Circuiting Requirements: 

1. Unless dimensioned, circuit routing indicated is diagrammatic.  
2. When circuit destination is indicated and routing is not shown, determine exact routing 

required. 
3. Arrange circuiting to minimize splices. 
4. Include circuit lengths required to install connected devices within 10 ft of location 

shown. 
5. Maintain separation of Class 1, Class 2, and Class 3 remote-control, signaling, and 

power-limited circuits in accordance with NFPA 70. 
6. Circuiting Adjustments:  Unless otherwise indicated, when branch circuits are shown as 

separate, combining them together in a single raceway is not permitted. 
7. Common Neutrals:  Unless otherwise indicated, sharing of neutral/grounded conductors 

among 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. 
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B. Install products in accordance with manufacturer's instructions. 
C. Install conductors and cable in a neat and workmanlike manner in accordance with NECA 1. D.install 

aluminum conductors in accordance with NECA 104. 
E. Install nonmetallic-sheathed cable (Type NM-B) in accordance with NECA 121.  
F. Exposed Cable Installation (only where specifically permitted): 

1. Route cables parallel or perpendicular to building structural members and surfaces. 
2. Protect cables from physical damage. 

G. Paralleled Conductors:  Install conductors of the same length and terminate in the same 
manner. 

H. 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. 

I. Terminate cables using suitable fittings. 
J. Install conductors with a minimum of 2 inches of slack at each outlet. 
K. Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment 

enclosures. 
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. Connections for Aluminum Conductors:  Fill connectors with oxide inhibiting compound where 

not pre-filled by manufacturer. 
6. Mechanical Connectors:  Secure connections according to manufacturer's recommended 

torque settings. 
7. 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. Color Code Legend:  Provide identification label identifying color code for ungrounded conductors 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. 

Q. Install firestopping to preserve fire resistance rating of partitions and other elements, using 
materials and methods specified in Section 078400. 

R. 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. 

3.04 FIELD QUALITY CONTROL 
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A. Perform inspection, testing, and adjusting in accordance with Section 014000.  
B. Inspect and test in accordance with NETA STD ATS, except Section 4. 
C. Perform inspections and tests listed in NETA STD 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 05 26 
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Grounding and bonding requirements.  
B. Conductors for grounding and bonding.  
C. Connectors for grounding and bonding.  
D. Grounding and bonding components. 
E. Provide all components necessary to complete the grounding system(s) consisting of: 

1. Existing metal underground water pipe. 
2. Metal frame of the building. 

1.02  REFERENCE STANDARDS 
A. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and 

Systems; International Electrical Testing Association; 2009. 
B. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 
C. UL 467 - Grounding and Bonding Equipment; Current Edition, Including All Revisions. 

1.03 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. For signal reference grids, coordinate the work with access flooring furnished in 

accordance with Section 096900. 
4. Notify Architect of any conflicts with or deviations from the contract documents. Obtain 

direction before proceeding with work. 
1.04 PERFORMANCE REQUIREMENTS 

A. Grounding System Resistance:  5 ohms. 
1.05 SUBMITTALS 

A. See Section 013000 - Administrative Requirements for submittals procedures.  
B. Test Reports:  Indicate overall resistance to ground and resistance of each electrode. 
C. Certificate of Compliance:  Indicate approval of installation by authority having jurisdiction. 

1.06 QUALITY ASSURANCE 
A. Conform to requirements of NFPA 70. 

 
PART 2 PRODUCTS 
2.01 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. 
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D. Grounding Electrode System: 
1. Provide connection to required and supplemental grounding electrodes indicated to form 

grounding electrode system. 
a. Provide continuous grounding electrode conductors without splice or joint. 
b. Install grounding electrode conductors in raceway where exposed to physical 

damage. Bond grounding electrode conductor to metallic raceways at each end with 
bonding jumper. 

2. Metal Underground Water Pipe(s): 
a. Provide connection to underground metal domestic and fire protection (where 

present) water service pipe(s) that are in direct contact with earth for at least 10 feet 
at an accessible location not more than 5 feet from the point of entrance to the 
building. 

b. Provide bonding jumper(s) around insulating joints/pipes as required to make pipe 
electrically continuous. 

c. Provide bonding jumper around water meter of sufficient length to permit removal of 
meter without disconnecting jumper. 

3. Metal Building or Structure Frame: 
a. Provide connection to metal building or structure frame effectively grounded in 
accordance with NFPA 70 at nearest accessible location. 

4. Concrete-Encased Electrode: 
a. Provide connection to concrete-encased electrode consisting of not less than 20 feet of either 

steel reinforcing bars or bare copper conductor not smaller than 4 AWG embedded within 
concrete foundation or footing that is in direct contact with earth in accordance with NFPA 70. 

E. Service-Supplied System Grounding: 
1. For each service disconnect, provide grounding electrode conductor to connect neutral 

(grounded) service conductor to grounding electrode system. Unless otherwise indicated, 
make connection at neutral (grounded) bus in service disconnect enclosure. 

2. For each service disconnect, provide main bonding jumper to connect neutral (grounded) bus 
to equipment ground bus where not factory-installed. Do not make any other connections 
between neutral (grounded) conductors and ground on load side of service disconnect. 

F. Separately Derived System Grounding: 
1. Separately derived systems include, but are not limited to: 

a. Transformers (except autotransformers such as buck-boost transformers). 
b. Uninterruptible power supplies (UPS), when configured as separately derived 

systems. 
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 
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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. 

G. 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. 

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. 

H. 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. 

I. Pole-Mounted Luminaires:  Also comply with Section 265600. 
2.02 GROUNDING AND BONDING COMPONENTS  

A. General Requirements: 
1. Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL) or testing 

firm acceptable to authority having jurisdiction as suitable for the purpose indicated. 
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 260519: 
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). 
3) Use 6AWG bare copper in free air on Solar Path 

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. 
2. Unless otherwise indicated, use exothermic welded connections for underground, 

concealed and other inaccessible connections. 
3. Unless otherwise indicated, use mechanical connectors, compression connectors, or 

exothermic welded connections for accessible connections. 
2.3  CONNECTORS AND ACCESSORIES  
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A. Mechanical Connectors:  Bronze. 
B. Wire:  Stranded copper. 
C. Grounding Electrode Conductor:  Size to meet NFPA 70 requirements. 

 
PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify existing conditions prior to beginning work. 
3.02 INSTALLATION 

A. Provide bonding to meet requirements described in Quality Assurance. 
B. Equipment Grounding Conductor:  Provide separate, insulated conductor within each feeder and 

branch circuit raceway.  Terminate each end on suitable lug, bus, or bushing. 
3.03 FIELD QUALITY CONTROL 

A. Perform inspection, testing, and adjusting in accordance with Section 014000. 
 
 

END OF SECTION 
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SECTION 26 05 29 
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

 
PART 1 GENERAL 

1.01 SECTION INCLUDES 

A. Conduit and equipment supports.  

B. Anchors and fasteners. 

1.02 RELATED REQUIREMENTS 

A. Section 033000 - Cast-in-Place Concrete:  Concrete equipment pads. 

B. Section 260534 - Conduit:  Additional support and attachment requirements for conduits.  

C. Section 260537 - Boxes:  Additional support and attachment requirements for boxes. 

D. Section 263100 - Photovoltaic Collectors:  Photovoltaic module mounting systems. 

E. Section 265100 - Interior Lighting:  Additional support and attachment requirements for interior 

luminaires. 

F. Section 265600 - Exterior Lighting:  Additional support and attachment requirements for exterior 

luminaires. 

1.03 REFERENCE STANDARDS 

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel 

Products; 2012. 

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware; 

2009. 

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel; 2011. 

D. MFMA-4 - Metal Framing Standards Publication; Metal Framing Manufacturers Association; 2004. 

E. ICC-ES AC01 - Acceptance Criteria for Expansion Anchors in Masonry Elements; 2009. 

F. ICC-ES AC106 - Acceptance Criteria for Predrilled Fasteners (Screw Anchors) in Masonry Elements; 2006 

G. ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements; 2010 

H. ICC-ES AC308 - Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete Elements; 2009. 

I. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical Contractors 

Association; 2010. 

 J.  NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 

K. UL 5B - Strut-Type Channel Raceways and Fittings; Current Edition, Including All Revisions. 

1.04 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. 
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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 of any conflicts with or deviations from the contract documents. Obtain direction 
before proceeding with work. 

B. Sequencing: 

1. Do not install products on or provide attachment to concrete surfaces until concrete has fully 

cured in accordance with Section 033000. 

1.05 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures.  

B. Product Data:  Provide manufacturer’s catalog data for fastening systems. 

C. Manufacturer's 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. 

1.06 QUALITY ASSURANCE  

A. Comply with NFPA 70. 

B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose specified 

and indicated. 

 
PART 2 PRODUCTS 
2.01 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 by Underwriter's Laboratories Inc. (UL) or testing 

firm acceptable to authority having jurisdiction as suitable for the purpose indicated, 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. 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. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633. 
b. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM 

A123/A123M or ASTM A153/A153M. 
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. Outlet Box Supports:  Hangers, brackets, etc. suitable for the boxes to be supported. 
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D. 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. Channel Material: 

a. Indoor Dry Locations:  Use painted steel, zinc-plated steel, or galvanized steel.  
b. Outdoor and Damp or Wet Indoor Locations:  Use galvanized steel. 

4. Minimum Channel Thickness:  12 gauge. 
E. 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. Single Conduit up to 1 inch (27mm) trade size:  1/4 inch diameter. 
c. Outlet Boxes:  1/4 inch diameter. 
d. Luminaires:  1/4 inch diameter. 

F. Anchors and Fasteners: 
1. Unless otherwise indicated and where not otherwise restricted, use the anchor and fastener 

types indicated for the specified applications. 
2.02 MATERIALS 

A. Hangers, Supports, Anchors, and Fasteners - General:  Corrosion-resistant materials of size and type 
adequate to carry the loads of equipment and conduit, including weight of wire in conduit. 

B. Supports:  Fabricated of structural steel or formed steel members; galvanized. C. Anchors and Fasteners: 
1. Do not use powder-actuated anchors, spring clips, or beam clamps. 
2. Concrete Structural Elements:  Use precast inserts, expansion anchors, powder-actuated 

anchors, or preset inserts. 
3. Steel Structural Elements:  Use beam clamps, steel spring clips, steel ramset fasteners, or 

welded fasteners. 
4. Concrete Surfaces:  Use self-drilling anchors or expansion anchors. 
5. Hollow Masonry, Plaster, and Gypsum Board Partitions:  Use toggle bolts or hollow wall 

fasteners. 
6. Solid Masonry Walls:  Use expansion anchors or preset inserts. 
7. Sheet Metal:  Use sheet metal screws. 
8. Wood Elements:  Use wood screws.  

D. Fastener Types: 
1. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193. 
2. Masonry Wedge Expansion Anchors:  Complying with ICC-ES AC01. 
3. Concrete Screw Type Anchors:  Complying with ICC-ES AC193. 
4. Masonry Screw Type Anchors:  Complying with ICC-ES AC106. 
5. Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308. 
6. Other Types:  As required. 

 
PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 
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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. 

3.02 INSTALLATION 
A. Install products in accordance with manufacturer's instructions.  
B. 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. 
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. 
C. Install hangers and supports as required to adequately and securely support electrical system 

components, in a neat and workmanlike manner, as specified in NECA 1. 
1. Do not fasten supports to pipes, ducts, mechanical equipment, or conduit. 
2. Obtain permission from Architect before drilling or cutting structural members. 

D. Rigidly weld support members or use hexagon-head bolts to present neat appearance with adequate 
strength and rigidity.  Use spring lock washers under all nuts. 

E. Install surface-mounted cabinets and panelboards with minimum of four anchors. 
F. In wet and damp locations use steel channel supports to stand cabinets and panelboards 1 inch off wall. 
G. Use sheet metal channel to bridge studs above and below cabinets and panelboards recessed in hollow 

partitions. 
3.03 FIELD QUALITY CONTROL 

A. See Section 014000 - Quality Requirements, for additional requirements.  
B. Inspect support and attachment components for damage and defects. 
C. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by manufacturer. 

Replace components that exhibit signs of corrosion. 
D. Correct deficiencies and replace damaged or defective support and attachment components. 

 
 

END OF SECTION 
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SECTION 26 05 34 
CONDUIT 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Flexible metal conduit (FMC). 
B. Liquidtight flexible metal conduit (LFMC).  
C. Electrical metallic tubing (EMT). 
D. Rigid polyvinyl chloride (PVC) conduit.  
E. Conduit fittings. 
F. Accessories. 

1.02 RELATED REQUIREMENTS 
A. Section 078400 - Firestopping. 
B. Section 260526 - Grounding and Bonding for Electrical Systems.  
C. Section 260529 - Hangers and Supports for Electrical Systems. 
D. Section 260553 - Identification for Electrical Systems.  
E. Section 260537 - Boxes. 
F. Section 260553 - Identification for Electrical Systems:  Identification products and requirements. 
G. Section 262701 - Electrical Service Entrance:  Additional requirements for electrical service conduits. 
H. Section 271005 - Structured Cabling for Voice and Data - Inside-Plant:  Additional requirements for 

communications systems conduits. 
I. Section 312316 - Excavation. 
J. Section 312323 - Fill:  Bedding and backfilling. 

1.03 REFERENCE STANDARDS 
A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC); 2005.  
B. ANSI C80.3 - American National Standard for Steel Electrical Metallic Tubing (EMT); 2005.  
C. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical Contractors 

Association; 2010. 
D. NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT); National Electrical Contractors 

Association; 2006. 
E. NECA 111 - Standard for Installing Nonmetallic Raceways (RNC, ENT, LFNC); National Electrical 

Contractors Association; 2003. 
F. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic Tubing, and 

Cable; National Electrical Manufacturers Association; 2012 (ANSI/NEMA FB 1). 
G. NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Conduit; National Electrical Manufacturers Association; 

2003. 
H. NEMA TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tubing; National 

Electrical Manufacturers Association; 2004. 
I. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 
J. UL 1 - Flexible Metal Conduit; Current Edition, Including All Revisions. 
K. UL 6 - Electrical Rigid Metal Conduit-Steel; Current Edition, Including All Revisions. 
L. UL 360 - Liquid-Tight Flexible Steel Conduit; Current Edition, Including All Revisions. M.   UL 514B - 

Conduit, Tubing, and Cable Fittings; Current Edition, Including All Revisions. 
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N. UL 651 - Schedule 40 and 80 Rigid PVC Conduit and Fittings; Current Edition, Including All Revisions. 
O. UL 797 - Electrical Metallic Tubing-Steel; Current Edition, Including All Revisions. 

1.04 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 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. 
1.05 SUBMITTALS 

A. See Section 013000 - Administrative Requirements for submittals procedures. 
B. Product Data: Provide for metallic conduit, flexible metal conduit, liquidtight flexible metal conduit, 

metallic tubing, nonmetallic conduit, flexible nonmetallic conduit, nonmetallic tubing, fittings, and 
conduit bodies. 

1.06 QUALITY ASSURANCE 
A. Conform to requirements of NFPA 70. 
B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for purpose specified and 

shown. 
1.07 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store conduit and fittings in accordance with manufacturer's instructions. 
B. Accept conduit on site. Inspect for damage. 
C. Protect conduit from corrosion and entrance of debris by storing above grade. Provide appropriate 

covering. 
D. Protect PVC conduit from sunlight. 

 
PART 2 PRODUCTS 
2.01 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. 

C. Underground: 
1. Under Slab on Grade:  Use rigid PVC conduit. 
2. Exterior, Direct-Buried:  Use rigid PVC conduit. 
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3. Exterior, Embedded Within Concrete:  Use rigid PVC conduit. 
D. Concealed Within Hollow Stud Walls:  Use electrical metallic tubing (EMT). 
E. Concealed Above Accessible Ceilings:  Use electrical metallic tubing (EMT).  
F. Interior, Damp or Wet Locations:  Use electrical metallic tubing (EMT). 
G. Exposed, Interior, Not Subject to Physical Damage:  Use electrical metallic tubing (EMT). 
H. Exposed, Exterior, Possibility of Physical Damage: Use liquidtight flexible metal conduit (LFMC). 

2.02 CONDUIT REQUIREMENTS 
A. Provide all conduit, fittings, supports, and accessories required for a complete raceway system.  
B. Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL) or testing firm 

acceptable to authority having jurisdiction as suitable for the purpose indicated.  
C. Minimum Conduit Size, Unless Otherwise Indicated: 

1. Branch Circuits:  1/2 inch (16 mm) trade size. 
2. Control Circuits:  1/2 inch (16 mm) trade size. 
3. Underground, Interior:  3/4 inch (21 mm) trade size. 
4. Underground, Exterior:  1 inch (27 mm) trade size. 

D. Where conduit size is not indicated, size to comply with NFPA 70 but not less than applicable minimum 
size requirements specified. 

2.03 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. 
2.04 METAL CONDUIT 

A. Wheatland Tube Company; RMC. www.w 
2.05 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.  

C. Description:  Interlocked steel construction.  
D.   Fittings:  NEMA FB 1. 

2.06 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. 
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C. Description:  Interlocked steel construction with PVC jacket. 
2.07 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 or malleable iron. 
3. Connectors and Couplings:  Use compression (gland) or set-screw type. a. Do not use 

indenter type connectors and couplings. 
4. Damp or Wet Locations (where permitted):  Use fittings listed for use in wet locations. 

2.08 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. 
 2.09 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. Description:  NEMA TC 2. 
E. Fittings and Conduit Bodies:  NEMA TC 3. 

 
PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that field measurements are as shown on drawings.  
B. Verify that mounting surfaces are ready to receive conduits. 
C. Verify that conditions are satisfactory for installation prior to starting work.  
D. Verify routing and termination locations of conduit prior to rough-in. 
E. Conduit routing is shown on drawings in approximate locations unless dimensioned.  Route as required 

to complete wiring system. 
3.02 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 
B. Install conduit in a neat and workmanlike manner in accordance with NECA 1.  
C. Install rigid polyvinyl chloride (PVC) conduit in accordance with NECA 111.  
D. Install electrical nonmetallic tubing (ENT) in accordance with NECA 111. 
E. Conduit Routing: 

1. Unless dimensioned, conduit routing indicated is diagrammatic. 
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2. When conduit destination is indicated and routing is not shown, 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. 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. 

6. Arrange conduit to provide no more than the equivalent of four 90 degree bends between pull 
points. 

7. Route conduits above water and drain piping where possible. 
8. Arrange conduit to prevent moisture traps. Provide drain fittings at low points and at sealing 

fittings where moisture may collect. 
9. Maintain minimum clearance of 6 inches between conduits and piping for other systems. 
10.  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. 

11.   Group parallel conduits in the same area together on a common rack.  
F. Conduit Support: 

1. Secure and support conduits in accordance with NFPA 70 and Section 260529 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. 

G. 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. 
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. Provide insulating bushings or insulated throats at all conduit terminations to protect 

conductors. 
7. Secure joints and connections to provide maximum mechanical strength and electrical 

continuity. 
H. Penetrations: 
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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. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of 

membrane. 
7. 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. 

8. Install firestopping to preserve fire resistance rating of partitions and other elements, using 
materials and methods specified in Section 078400. 

I. Underground Installation: 
1. Provide trenching and backfilling in accordance with Sections 312316 and 312323. 
2. Minimum Cover, Unless Otherwise Indicated or Required: 

a. Underground, Exterior:  24 inches. 
3. Provide underground warning tape in accordance with Section 260553 along entire conduit 

length for service entrance where not concrete-encased. 
J. 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 conduits are subject to earth movement by settlement or frost. 

K. 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.  
3. Where conduits penetrate coolers or freezers. 

L. 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. 

M. Provide grounding and bonding in accordance with Section 260526.  
N. Identify conduits in accordance with Section 260553. 

3.03 FIELD QUALITY CONTROL 
A. See Section 014000 - Quality Requirements, for additional requirements. 
B. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by manufacturer. 
C. Replace components that exhibit signs of corrosion. 
D. Correct deficiencies and replace damaged or defective conduits. 

3.04 CLEANING 
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A. Clean interior of conduits to remove moisture and foreign matter. 
3.05 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. 

B. Install steel conduit as specified in NECA 101. 
C. Install nonmetallic conduit in accordance with manufacturer's instructions. D. Arrange supports to 

prevent misalignment during wiring installation. 
E. Support conduit using coated steel or malleable iron straps, lay-in adjustable hangers, clevis hangers, 

and split hangers. 
F. Group related conduits; support using conduit rack.  Construct rack using steel channel; provide space 

on each for 25 percent additional conduits. 
G. Fasten conduit supports to building structure and surfaces under provisions of Section 260529.  
H. Do not support conduit with wire or perforated pipe straps. Remove wire used for temporary supports. 
I. Do not attach conduit to ceiling support wires. 
J. Arrange conduit to maintain headroom and present neat appearance.  
K. Route exposed conduit parallel and perpendicular to walls. 
L. Route conduit installed above accessible ceilings parallel and perpendicular to walls. 
M.  Route conduit in and under slab from point-to-point. 
N. Do not cross conduits in slab. 
O. Maintain adequate clearance between conduit and piping. 
P. Maintain 12 inch clearance between conduit and surfaces with temperatures exceeding 104 degrees F. 
Q. Join nonmetallic conduit using cement as recommended by manufacturer.  Wipe nonmetallic conduit 

dry and clean before joining.  Apply full even coat of cement to entire area inserted in fitting.  Allow joint 
to cure for 20 minutes, minimum. 

R. Use conduit hubs to fasten conduit to sheet metal boxes in damp and wet locations.  
S. Ground and bond conduit under provisions of Section 260526. 
T. Identify conduit under provisions of Section 260553. 

3.06 INTERFACE WITH OTHER PRODUCTS 
A. Install conduit to preserve fire resistance rating of partitions and other elements, using materials and 

methods specified in Section 078400. 
 
 

END OF SECTION
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SECTION 26 05 37 
BOXES 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Wall and ceiling outlet boxes.  
B. Pull and junction boxes. 

1.02 RELATED REQUIREMENTS 
A. Section 260526 - Grounding and Bonding for Electrical Systems.  
B. Section 260529 - Hangers and Supports for Electrical Systems. 
C. Section 260534 - Conduit: 

1. Conduit bodies and other fittings. 
D. Section 260553 - Identification for Electrical Systems:  Identification products and requirements. 
E. Section 262726 - Wiring Devices:  Wall plates in finished areas. 

1.03 REFERENCE STANDARDS 
A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical Contractors 

Association; 2010. 
B. NECA 130 - Standard for Installing and Maintaining Wiring Devices; National Electrical Contractors 

Association; 2010. 
C. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic Tubing, and 

Cable; National Electrical Manufacturers Association; 2012 (ANSI/NEMA FB 1). 
D. NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports; National Electrical 

Manufacturers Association; 2008 (Revised 2010) (ANSI/NEMA OS 1). 
E. NEMA OS 2 - Nonmetallic Outlet Boxes, Device Boxes, Covers and Box Supports; National Electrical 

Manufacturers Association; 2008 (Revised 2010) (ANSI/NEMA OS 2). 
F. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); National Electrical 

Manufacturers Association; 2008. 
G. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 
H. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current Edition, 

Including All Revisions. 
 I. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition, Including 

All Revisions. 
J. UL 508A - Industrial Control Panels; Current Edition, Including All Revisions.  
K. UL 514A - Metallic Outlet Boxes; Current Edition, Including All Revisions. 

1.04  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 minimum sizes of boxes with the actual installed arrangement of conductors, 
clamps, support fittings, and devices, calculated according to NFPA 70. 



      
 
 
 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 415 
BOXES                          26 05 37 

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 of any conflicts with or deviations from the contract documents. Obtain 

direction before proceeding with work. 
1.05 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 
B. Products:  Provide products listed and classified by Underwriters Laboratories Inc., as suitable for the 

purpose specified and indicated. 
 
PART 2 PRODUCTS 
2.01 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 by Underwriter's Laboratories Inc. (UL) or testing 

firm acceptable to authority having jurisdiction as suitable for the purpose indicated. 
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. 
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. 
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12. Wall Plates:  Comply with Section 262726. 
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, painted steel.  
b. Outdoor Locations:  Type 3R, painted steel. 

3. Junction and Pull Boxes Larger Than 100 cubic inches: 
a. Provide screw-cover or hinged-cover enclosures unless otherwise indicated. 
b. Boxes 6 square feet and Larger:  Provide sectionalized screw-cover or hinged-cover 

enclosures. 
4. Finish for Painted Steel Enclosures:  Manufacturer's standard grey unless otherwise indicated. 

2.02 OUTLET BOXES 
A. Sheet Metal Outlet Boxes:  NEMA OS 1, galvanized steel. 

1. Luminaire and Equipment Supporting Boxes:  Rated for weight of equipment supported; include 
1/2 inch male fixture studs where required.  

B. Nonmetallic Outlet Boxes:  NEMA OS 2. 
C. Wall Plates for Finished Areas:  As specified in Section 262726. 

2.03 PULL AND JUNCTION BOXES 
A. Sheet Metal Boxes:  NEMA OS 1, galvanized steel. 
B. Surface Mounted Cast Metal Box:  NEMA 250, Type 4; flat-flanged, surface mounted junction box: 

1. Material:  Galvanized cast iron. 
2. Cover:  Furnish with ground flange, neoprene gasket, and stainless steel cover screws. 

 
PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that field measurements are as shown on drawings.  
B. Verify that mounting surfaces are ready to receive boxes. 
C. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 INSTALLATION 
A. Install products in accordance with manufacturer's instructions. 
B. Perform work in a neat and workmanlike manner in accordance with NECA 1 and, where applicable, 

NECA 130, including mounting heights specified in those standards where mounting heights are not 
indicated. 

C. Box Locations: 
1. Locate boxes as required for devices installed under other sections or by others. 
2. Locate boxes so that wall plates do not span different building finishes. 
3. Locate boxes so that wall plates do not cross masonry joints. 
4. Unless otherwise indicated, where multiple outlet boxes are installed at the same location at 

different mounting heights, install along a common vertical center line. 
5. Do not install flush-mounted boxes on opposite sides of walls back-to-back. Provide minimum 6 

inches horizontal separation unless otherwise indicated. 
D. Box Supports: 

1. Secure and support boxes in accordance with NFPA 70 and Section 260529 using suitable 
supports and methods approved by the authority having jurisdiction. 
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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. 

E. Close unused box openings. 
F. Install blank wall plates on junction boxes and on outlet boxes with no devices or equipment installed or 

designated for future use. 
G. Provide grounding and bonding in accordance with Section 260526.  
H. Identify boxes in accordance with Section 260553. 
I. Install boxes securely, in a neat and workmanlike manner, as specified in NECA 1. 
J. Install in locations as shown on Drawings, and as required for splices, taps, wire pulling, equipment 

connections, and as required by NFPA 70. 
K. Orient boxes to accommodate wiring devices oriented as specified in Section 262726.  
L. Maintain headroom and present neat mechanical appearance. 
M.   Install pull boxes and junction boxes above accessible ceilings and in unfinished areas only. 
N. Inaccessible Ceiling Areas:  Install outlet and junction boxes no more than 6 inches from ceiling access 

panel or from removable recessed luminaire. 
O. Install boxes to preserve fire resistance rating of partitions and other elements, using materials and 

methods specified in Section 078400. 
P. Coordinate mounting heights and locations of outlets mounted above counters, benches, and 

backsplashes. 
Q. Locate outlet boxes to allow luminaires positioned as shown on reflected ceiling plan. 
R. Align adjacent wall mounted outlet boxes for switches, thermostats, and similar devices.  
S. Use flush mounting outlet box in finished areas. 
T. Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems.  
U. Locate outlet boxes so that wall plates do not span different building finishes. 
V. Locate outlet boxes so that wall plates do not cross masonry joints. 
W.  Do not install flush mounting box back-to-back in walls; provide minimum 6 inches separation. 

1. Provide minimum 24 inches separation in fire rated walls. 
X. Secure flush mounting box to interior wall and partition studs.  Accurately position to allow for surface 

finish thickness. 
Y. Use stamped steel bridges to fasten flush mounting outlet box between studs. 
Z. Install flush mounting box without damaging wall insulation or reducing its effectiveness.  
AA. Use adjustable steel channel fasteners for hung ceiling outlet box. 
AB. Do not fasten boxes to ceiling support wires. 
AC. Support boxes independently of conduit, except cast box that is connected to two rigid metal conduits 

both supported within 12 inches of box. 
AD. Use gang box where more than one device is mounted together.  Do not use sectional box.  
AE. Use gang box with plaster ring for single device outlets. 
AF. Use cast outlet box in exterior locations exposed to the weather and wet locations. 

3.03 ADJUSTING 
A. Adjust flush-mounting outlets to make front flush with finished wall material.  
B. Install knockout closures in unused box openings. 

3.04 CLEANING 
A. Clean interior of boxes to remove dirt, debris, plaster and other foreign material.  
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B. Clean exposed surfaces and restore finish. 
3.05 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 05 53 
IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Electrical identification requirements.  
B. Identification nameplates and labels.  
C. Wire and cable markers. 
D. Underground warning tape.  
E. Warning signs and labels. 
F. Field-painted identification of conduit. 

1.02 RELATED REQUIREMENTS 
A. Section 260519 - Low-Voltage Electrical Power Conductors and Cables:  Color coding for power 

conductors and cables 600 V and less; vinyl color coding electrical tape. 
B. Section 263100 - Photovoltaic Collectors:  Additional identification requirements for photovoltaic 

systems. 
1.03 REFERENCE STANDARDS 

A. ANSI Z535.2 - American National Standard for Environmental and Facility Safety Signs; 2007. 
B. ANSI Z535.4 - American National Standard for Product Safety Signs and Labels; 2007.  
C. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 
D. UL 969 - Marking and Labeling Systems; Current Edition, Including All Revisions. 

1.04  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. 

1.05 SUBMITTALS 
A. See Section 013000 - Administrative Requirements for submittals procedures.  
B. Product Data:  Provide catalog data for nameplates, labels, and markers. 
C. Manufacturer's 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. 

1.06 QUALITY ASSURANCE 
A. Conform to requirements of NFPA 70. 

 
PART 2 PRODUCTS 
2.01 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: 
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1) Identify power source and circuit number. Include location when not within sight of equipment. 
2) Identify main overcurrent protective device. Use identification label for panelboards with a door. For power 
distribution panelboards without a door, use identification nameplate. 
3) Use typewritten circuit directory to identify load(s) served for panelboards with a door. Identify spares and 
spaces using pencil. 
4) 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 power source and circuit number. Include location when not within sight of equipment. 
c. Time Switches: 
d. Enclosed Contactors: 
1) Identify load(s) and associated circuits controlled. Include location. 
2. Service Equipment: 
a. Use identification nameplate to identify each service disconnecting means. 
b. Use identification nameplate at each piece of service equipment to identify the available fault current and the 
date calculations were performed. 
3. 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. 
B. Identification for Devices: 
1. Identification for Communications Devices:  Comply with Section 271005. 
2. Use identification label to identify fire alarm system devices.  
C. Buried Electrical Lines:  Underground warning tapes. 
D. Communication Cabinets:  Nameplates.  
E. Control Device Station:  Labels. 
F. Electrical Distribution and Control Equipment Enclosures:  Nameplates.  
G. Junction Box Load Connections:  Wire markers. 
H. Outlet Box Load Connections:  Wire markers. 
I. Panel Gutter Load Connections:  Wire markers.  
J. Pull Box Load Connections:  Wire markers. 
2.02  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. 
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. 
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. Plastic: Conform to ASTM D 709. D. Letter Size: 
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  1. Use 1/8 inch letters for identifying individual equipment and loads. 
2. Use 1/4 inch letters for identifying grouped equipment and loads. 

2.03 WIRE AND CABLE MARKERS 
A. Legend:  Power source and circuit number or other designation indicated. 
B. Text:  Use factory pre-printed or machine-printed text, all capitalized unless otherwise indicated. 
C. Minimum Text Height:  1/8 inch. 
D. Color:  Black text on white background unless otherwise indicated.  
E. Color:  Black on white. 
F. Legend: 

1. Power and Lighting Circuits:  Branch circuit or feeder number indicated on drawings. 
2. Control Circuits:  Control wire number indicated on schematic and interconnection diagrams on 

drawings. 
2.04 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:  3 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: 

2.05 WARNING SIGNS AND LABELS 
A. Comply with ANSI Z535.2 or ANSI Z535.4 as applicable.  
B. Warning Signs: 

1. Materials: 
2. 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. 

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 
3.01 PREPARATION 

A. Clean surfaces to receive adhesive products according to manufacturer's instructions.  
B. Degrease and clean surfaces to receive nameplates and labels. 

3.02 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. 
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5 Branch Devices:  Adjacent to device. 
6. Interior Components:  Legible from the point of access. 
7. Conductors and Cables:  Legible from the point of access. 
8. 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. Mark all handwritten text, where permitted, to be neat and legible.  

3.03 FIELD QUALITY CONTROL 
A. See Section 014000 - Quality Requirements, for additional requirements. 
B. Replace self-adhesive labels and markers that exhibit bubbles, wrinkles, curling or other signs of 

improper adhesion. 
C. Secure nameplates to inside surface of door on panelboard that is recessed in finished locations. 

 
 

END OF SECTION 
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SECTION 26 24 16 
PANELBOARDS 

PART 1 GENERAL 
 
1.01 SECTION INCLUDES 

A. Lighting and appliance panelboards.  
B. Load centers. 
C. Overcurrent protective devices for panelboards. 

1.02 RELATED REQUIREMENTS 
A. Section 260526 - Grounding and Bonding for Electrical Systems.  
B. Section 260529 - Hangers and Supports for Electrical Systems. 
C. Section 260553 - Identification for Electrical Systems:  Identification products and requirements. 
D. Section 264300 - Surge Protective Devices. 

1.03 REFERENCE STANDARDS 
A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; Federal Specification; Revision 

D, 2006. 
B. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical Contractors 

Association; 2010. 
C. NECA 407 - Standard for Installing and Maintaining Panelboards; National Electrical Contractors 

Association; 2009. 
D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2008.  
E. NEMA PB 1 - Panelboards; National Electrical Manufacturers Association; 2011. 
F. NEMA PB 1.1 - General Instructions for Proper Installation, Operation and Maintenance of Panelboards 

Rated 600 Volts or Less; National Electrical Manufacturers Association; 2007. 
G. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and 

Systems; International Electrical Testing Association; 2009. 
H. NFPA 70 - National Electrical Code; National Fire Protection Association; 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. 
M. UL 869A - Reference Standard for Service Equipment; Current Edition, Including All Revisions. 
N. UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions. O. UL 1699 - Arc-

Fault Circuit-Interrupters; Current Edition, Including All Revisions. 
1.04 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 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 of any conflicts with or deviations from the contract documents. Obtain 
direction before proceeding with work. 

1.05 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide manufacturer's standard catalog pages and data sheets for panelboards, 

enclosures, overcurrent protective devices, and other installed components and accessories. 
1. Include characteristic trip curves for each type and rating of overcurrent protective device upon 

request. 
C. 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. 
4. Include documentation of listed series ratings upon request. 

D. Source Quality Control Test Reports:  Include reports for tests designated in NEMA PB 1 as routine tests. 
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. Maintenance Data:  Include information on replacement parts and recommended maintenance 
procedures and intervals. 

G. Maintenance Materials: Furnish the following for Owner's use in maintenance of project. 
1. See Section 016000 - Product Requirements, for additional provisions. 
2. Panelboard Keys:  Two of each different key. 

1.06 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. 
1.07 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. 

1.08 FIELD CONDITIONS 
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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 
2.01 MANUFACTURERS 

A. Siemens Industry, Inc. www.siemans.com 
B. Eaton Corporation; Cutler-Hammer Products:  www.eaton.com.  
C. General Electric Company:  www.geindustrial.com. 
D. Schneider Electric; Square D Products:  www.schneider-electric.us. 
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. 

2.02 ALL PANELBOARDS 
A. Provide products listed and labeled by Underwriters Laboratories Inc. as suitable for the purpose 

indicated. 
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. 

D. Panelboards Used for Service Entrance:  Listed and labeled as suitable for use as service equipment 
according to UL 869A. 

E. Mains:  Configure for top or bottom incoming feed as indicated or as required for the installation. 
F. Branch Overcurrent Protective Devices:  Replaceable without disturbing adjacent devices.  
G. Bussing:  Sized in accordance with UL 67 temperature rise requirements. 

1. Provide fully rated neutral bus unless otherwise indicated, with a suitable lug for each feeder or 
branch circuit requiring a neutral connection. 

2. Provide solidly bonded equipment ground bus in each panelboard, with a suitable lug for each 
feeder and branch circuit equipment grounding conductor. 

H. Conductor Terminations:  Suitable for use with the conductors to be installed. 
I. Enclosures:  Comply with NEMA 250, 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 1.  

2. Boxes:  Galvanized steel unless otherwise indicated. 
a. Provide wiring gutters sized to accommodate the conductors to be installed. 
b. Provide painted steel boxes for surface-mounted panelboards where indicated, finish to 

match fronts. 
3. Fronts: 

a. Fronts for Surface-Mounted Enclosures:  Same dimensions as boxes. 

http://www.eaton.com/
http://www.geindustrial.com/
http://www.schneider-electric.us/
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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. 
J. Future Provisions:  Prepare all unused spaces for future installation of devices including bussing, 

connectors, mounting hardware and all other required provisions. 
2.03 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 on the drawings. 

B. Conductor Terminations: 
1. Main and Neutral Lug Material:  Aluminum, suitable for terminating aluminum or copper 

conductors. 
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 unless otherwise indicated.  
E. Enclosures: 

1. Provide flush-mounted enclosures as indicated. 
2. Fronts:  Provide door-in-door trim with hinged cover for access to load terminals and wiring 

gutters, and separate 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. 
2.04 LOAD CENTERS 

A. Description:  Circuit breaker type load centers listed and labeled as complying with UL 67; ratings, 
configurations, and features as indicated on the drawings.  

B. Bussing: 
1. Phase Bus Connections:  Arranged for sequential phasing of overcurrent protective devices. 
2. Bus Material:  Aluminum or copper. 

C. Circuit Breakers:  Thermal magnetic plug-in type.  
D. Enclosures: 

1. Provide flush-mounted enclosures unless otherwise indicated. 
2. Fronts:  Provide hinged door with concealed hinges for access to overcurrent protective device 

handles without exposing live parts. 
3. Provide circuit directory label on inside of door or individual circuit labels adjacent to circuit 

breakers. 
2.05 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. 
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 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. 

b. Fully Rated Systems:  Provide circuit breakers with interrupting capacity not less than 
the short circuit current rating indicated. 

3. Conductor Terminations: 
a. 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. 
a. Provide field-adjustable magnetic instantaneous trip setting for circuit breaker frame 

sizes 225 amperes and larger. 
b. Provide interchangeable trip units. 

5. Electronic Trip Circuit Breakers:  Furnish solid state, microprocessor-based, true rms sensing trip 
units. 

6. Multi-Pole Circuit Breakers:  Furnish with common trip for all poles. 
7. Provide the following circuit breaker types where indicated: 

a. Ground Fault Circuit Interrupter (GFCI) Circuit Breakers:  Listed as complying with UL 
943, class A for protection of personnel. 

b. Ground Fault Equipment Protection Circuit Breakers:  Designed to trip at 30 mA for 
protection of equipment. 

c. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers:  Combination type listed as 
complying with UL 1699. 

8. Provide listed switching duty rated circuit breakers with SWD marking for all branch circuits 
serving fluorescent lighting. 

9. Do not use tandem circuit breakers. 
10. Do not use handle ties in lieu of multi-pole circuit breakers. 
11. Provide multi-pole circuit breakers for multi-wire branch circuits as required by NFPA 70. 

2.06 SOURCE QUALITY CONTROL 
A. Factory test panelboards according to NEMA PB 1. 
 

PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 
B. Verify that the ratings and configurations of the panelboards and associated components are consistent 

with the indicated requirements. 
C. Verify that mounting surfaces are ready to receive panelboards. 
D. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 INSTALLATION 
A. Install products in accordance with manufacturer's instructions. 
B. Install panelboards securely, in a neat and workmanlike manner in accordance with NECA 1 (general 

workmanship), NECA 407 (panelboards), and NEMA PB 1.1. 
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C. Arrange equipment to provide minimum clearances in accordance with manufacturer's instructions and 
NFPA 70. 

D. Provide required supports in accordance with Section 260529. 
E. Install panelboards plumb. 
F. Install flush-mounted panelboards so that trims fit completely flush to wall with no gaps and rough 

opening completely covered. 
G. 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. 
H. Mount floor-mounted power distribution panelboards on properly sized 3 inch high concrete pad 

constructed in accordance with Section 033000. 
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 260526. 
K. Install all field-installed branch devices, components, and accessories. 
L. Multi-Wire Branch Circuits:  Group grounded and ungrounded conductors together in the panelboard as 

required by NFPA 70. 
M. Provide filler plates to cover unused spaces in panelboards. 
N. Provide circuit breaker lock-on devices to prevent unauthorized personnel from de-energizing essential 

loads where indicated. Also provide for the following: 
1. Fire detection and alarm circuits. 

O. Identify panelboards in accordance with Section 260553. 
3.03 FIELD QUALITY CONTROL 

A. Perform inspection, testing, and adjusting in accordance with Section 014000.  
B. Inspect and test in accordance with NETA STD ATS, except Section 4. 
C. Molded Case Circuit Breakers:  Perform inspections and tests listed in NETA STD ATS, Section 7.6.1.1 for 

all main circuit breakers. Tests listed as optional are not required. 
D. Test GFCI circuit breakers to verify proper operation.  
E. Test AFCI circuit breakers to verify proper operation. 
F. Correct deficiencies and replace damaged or defective panelboards or associated components. 

3.04 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. 

3.05 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 27 01 
ELECTRICAL SERVICE ENTRANCE 

 
PART 1 GENERAL 

1.01 SECTION INCLUDES  

A. Meter bases. 

1.02 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 

Contractors Association; 2010. 

B. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 

1.03 SYSTEM DESCRIPTION 

A. System Characteristics:  120/240 volts, single phase, three-wire, 60 Hertz. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Preinstallation Meeting:  Convene one week prior to commencing work of this section. 

Review service entrance requirements and details with Utility Company representative. 

1.05 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide ratings and dimensions of transformer cabinets and meter bases. 

1.06 QUALITY ASSURANCE  

A. Utility Company: 

B. Perform work in accordance with utility company written requirements and NFPA 70. 

 1. Maintain one copy of each document on site. 

 C. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose specified 

and indicated. 

 

PART 2 PRODUCTS 

2.01 MANUFACTURERS 

A. Milbank Manufacturing:  www.milbankmfg.com. 

2.02 COMPONENTS 

A. Meter Base:  Furnished by utility company. 

B. Other Components:  As required by utility company. 

 

PART 3 EXECUTION 

3.01 PREPARATION 

A. Arrange with utility company to obtain permanent electric service to the Project.  

B. Verify that field measurements are as indicated on utility company drawings. 

3.02 INSTALLATION 

A. Install meter base as required by utility company. 

http://www.milbankmfg.com/
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B. Install securely, in a neat and workmanlike manner, as specified in NECA 1. 

 

 

END OF SECTION 
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SECTION 26 27 16 
ELECTRICAL CABINETS AND ENCLOSURES 

PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Hinged cover enclosures.  
B. Terminal blocks.  
C. Accessories. 

1.02 RELATED REQUIREMENTS 
A. Section 260529 - Hangers and Supports for Electrical Systems. 

1.03 REFERENCE STANDARDS 
A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical Contractors 

Association; 2010. 
B. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); National Electrical 

Manufacturers Association; 2008. 
C. NEMA ICS 4 - Industrial Control and Systems:  Terminal Blocks; National Electrical Manufacturers 

Association; 2005. 
D. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 
1.04 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data:  Provide manufacturer's standard data for enclosures and cabinets. 
C. Cabinet Keys:  Deliver to Owner in accordance with Section 016000 for maintenance materials. 

1.05 QUALITY ASSURANCE 
A. Conform to requirements of NFPA 70. 
B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose specified 

and indicated. 
 

PART 2 PRODUCTS 
2.01 HINGED COVER ENCLOSURES 

A. Construction:  NEMA 250, Type 1 steel enclosure. 
B. Covers:  Continuous hinge, held closed by flush latch operable by screwdriver. 
C. Provide interior plywood panel for mounting terminal blocks and electrical components; finish with 

white enamel. 
D. Enclosure Finish:  Manufacturer's standard enamel. 

2.02 CABINETS 
A. Boxes:  Galvanized steel. 
B. Backboard:  Provide 3/4 inch thick plywood backboard for mounting terminal blocks.  Paint matte white. 
C. Fronts:  Steel, flush type with concealed trim clamps, door with concealed hinge, and flush lock keyed to 

match branch circuit panelboard.  Finish with gray baked enamel. 
D. Provide metal barriers to form separate compartments wiring of different systems and voltages.  
E. Keys:  Provide two of each different key. 

2.03 TERMINAL BLOCKS 
A. Terminal Blocks:  NEMA ICS 4. 
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B. Power Terminals:  Unit construction type with closed back and tubular pressure screw connectors, rated 
600 volts. 

C. Signal and Control Terminals:  Modular construction type, suitable for channel mounting, with tubular 
pressure screw connectors, rated 300 volts. 

D. Provide ground bus terminal block, with each connector bonded to enclosure. 
2.04 ACCESSORIES 

A. Plastic Raceway:  Plastic channel with hinged or snap-on cover. 
 

PART 3 EXECUTION 
3.01 INSTALLATION 

A. Install securely, in a neat and workmanlike manner, as specified in NECA 1. 
B. Install enclosures and boxes plumb.  Anchor securely to wall and structural supports at each corner 

under the provisions of Section 260529. 
C. Install cabinet fronts plumb. 

3.02 CLEANING 
A. Clean electrical parts to remove conductive and harmful materials.  
B. Remove dirt and debris from enclosure. 
C. Clean finishes and touch up damage. 

 
 

END OF SECTION 
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SECTION 26 27 17 
EQUIPMENT WIRING 

 
PART 1 GENERAL 

1.01 SECTION INCLUDES 

A. Electrical connections to equipment. 

1.02  RELATED REQUIREMENTS  

A. Section 260534 - Conduit. 

B. Section 260519 - Low-Voltage Electrical Power Conductors and Cables (600 V and Less).  

C. Section 260537 - Boxes. 

D. Section 262726 - Wiring Devices. 

E. Section 262818 - Enclosed Switches. 

1.03 REFERENCE STANDARDS 

A. NEMA WD 1 - General Color Requirements for Wiring Devices; National Electrical Manufacturers 

Association; 1999 (R 2005). 

B. NEMA WD 6 - Wiring Devices - Dimensional Requirements; National Electrical Manufacturers 

Association; 2002 (R2008). 

C. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 

1.04 ADMINISTRATIVE REQUIREMENTS  

A. Coordination: 

1. Obtain and review shop drawings, product data, manufacturer's wiring diagrams, and 

manufacturer's instructions for equipment furnished under other sections. 

2. Determine connection locations and requirements.  

B. Sequencing: 

1. Install rough-in of electrical connections before installation of equipment is required. 

2. Make electrical connections before required start-up of equipment. 

1.05 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose specified 

and indicated. 

 

PART 2 PRODUCTS 

2.01 MATERIALS 

A. Disconnect Switches:  As specified in Section 262818 .  

B. Wiring Devices:  As specified in Section 262726. 

C. Flexible Conduit:  As specified in Section 260534.  

D. Wire and Cable:  As specified in Section 260519.  
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E. Boxes:  As specified in Section 260537. 

 

PART 3 EXECUTION 

3.01 EXAMINATION 

A. Verify that equipment is ready for electrical connection, wiring, and energization. 

3.02 ELECTRICAL CONNECTIONS 

A. Make electrical connections in accordance with equipment manufacturer's instructions.  

B. Make conduit connections to equipment using flexible conduit.  Use liquidtight flexible conduit with 

watertight connectors in damp or wet locations. 

C. Connect heat producing equipment using wire and cable with insulation suitable for temperatures 

encountered. 

D. Provide receptacle outlet to accommodate connection with attachment plug.  

E. Provide cord and cap where field-supplied attachment plug is required. 

F. Install suitable strain-relief clamps and fittings for cord connections at outlet boxes and equipment 

connection boxes. 

G. Install disconnect switches, controllers, control stations, and control devices to complete equipment 

wiring requirements. 

H. Install terminal block jumpers to complete equipment wiring requirements. 

I. Install interconnecting conduit and wiring between devices and equipment to complete equipment 

wiring requirements. 

 
 

END OF SECTION
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SECTION 26 27 26 
WIRING DEVICES 

 
PART 1 GENERAL 
1.01  SECTION INCLUDES  

A. Wall switches. 
B. Wall dimmers. 
C. Fan speed controllers.  
D. Receptacles. 
E. Wall plates. 
F. Floor box service fittings.  
G. Poke-through assemblies. 

1.02 RELATED REQUIREMENTS 
A. Section 260526 - Grounding and Bonding for Electrical Systems.  
B. Section 260537 - Boxes. 
C. Section 260553 - Identification for Electrical Systems:  Identification products and requirements. 
D. Section 260923 - Lighting Control Devices: Devices for automatic control of lighting, including occupancy 

sensors, in-wall time switches, and in-wall interval timers. 
E. Section 271005 - Structured Telecommunications Cabling and Enclosures:  Voice and data jacks. 

1.03 REFERENCE STANDARDS 
A. FS W-C-596 - Connector, Electrical, Power, General Specification for; Federal Specification; Revision G, 

2001. 
B. FS W-S-896 - Switches, Toggle (Toggle and Lock), Flush-mounted (General Specification); Federal 

Specification; Revision F, 1999. 
C. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical Contractors 

Association; 2010. 
D. NEMA WD 1 - General Color Requirements for Wiring Devices; National Electrical Manufacturers 

Association; 1999 (R 2005). 
E. NEMA WD 6 - Wiring Device -- Dimensional Requirements; National Electrical Manufacturers 

Association; 2002 (R2008). 
F. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 
G. UL 20 - General-Use Snap Switches; Current Edition, Including All Revisions. 
H. UL 498 - Attachment Plugs and Receptacles; Current Edition, Including All Revisions. 
I. UL 514D - Cover Plates for Flush-Mounted Wiring Devices; Current Edition, Including All Revisions. 
J. UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions.  
K. UL 1472 - Solid-State Dimming Controls; Current Edition, Including All Revisions. 
L. UL 1917 - Solid-State Fan Speed Controls; Current Edition, Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS  
A. Coordination: 

1. Coordinate the placement of outlet boxes with millwork, furniture, equipment, etc. installed 
under other sections or by others. 
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2. Coordinate wiring device ratings and configurations with the electrical requirements of actual 
equipment to be installed. 

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. Coordinate the core drilling of holes for poke-through assemblies with the work covered under 

other sections. 
6. Notify Architect of any conflicts or deviations from the 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. 
1.05 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide manufacturer's catalog information showing dimensions, colors, and 

configurations. 
1. Wall Dimmers:  Include derating information for ganged multiple devices.  

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. Wall Dimmers:  Include information on operation and setting of presets. 
2. GFI Receptacles:  Include information on status indicators and testing procedures and intervals. 
3. Surge Protection Receptacles:  Include information on status indicators. 

E. Project Record Documents:  Record actual installed locations of wiring devices. 
F. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project. 

1. See Section 016000 - Product Requirements, for additional provisions. 
2. Extra Keys for Locking Switches:  Two of each type. 
3. Extra Wall Plates:  One of each style, size, and finish. 

1.06 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. 
1.07 DELIVERY, STORAGE, AND PROTECTION 

A. Store in a clean, dry space in original manufacturer's packaging until ready for installation. 
 

PART 2 PRODUCTS 
2.01 MANUFACTURERS 

A. Hubbell Incorporated;    :  www.hubbell-wiring.com. 
B. Leviton Manufacturing Company, Inc;    :  www.leviton.com. 
C. Lutron Electronics Company, Inc: www.lutron.com. 
D. Pass & Seymour, a brand of Legrand North America, Inc;    :  www.legrand.us 

http://www.hubbell-wiring.com/
http://www.leviton.com/
http://www.lutron.com/
http://www.legrand.us/
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E. Substitutions:  See Section 016000 - Product Requirements. 
F. Source Limitations:  Where possible, for each type of wiring device furnish products produced by a single 

manufacturer and obtained from a single supplier. 
2.02 APPLICATIONS 

A. Provide wiring devices suitable for intended use and with ratings adequate for load served. 
B. For single receptacles installed on an individual branch circuit, provide receptacle with ampere rating 

not less than that of the branch circuit. 
C. Provide weather resistant GFI receptacles with specified weatherproof covers for all receptacles 

installed outdoors or in damp or wet locations. 
D. Provide tamper resistant receptacles for all receptacles installed in dwelling units.  
E. Provide GFI protection for all receptacles installed within 6 feet of sinks. 
F. Provide GFI protection for all receptacles installed in kitchens. 
G. Provide GFI protection for all receptacles serving electric drinking fountains. H. Unless noted 

otherwise, do not use combination switch/receptacle devices. 
2.03 ALL WIRING DEVICES 

A. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated. 

B. Finishes: 
1. All Wiring Devices:  White with white nylon wall plate unless otherwise indicated. 

2.04  WALL SWITCHES  
A. Manufacturers: 

1. Hubbell Incorporated;    :  www.hubbell-wiring.com. 
2. Leviton Manufacturing Company, Inc;    :  www.leviton.com. 
3. Pass & Seymour, a brand of Legrand North America, Inc;    :  www.legrand.us 
4. Substitutions:  See Section 016000 - Product Requirements. 

B. All Wall Switches:  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 20 and 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: Residential 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. 

2.05 WALLDIMMERS  
A. Manufacturers: 

1. Leviton Manufacturing Company, Inc;    :  www.leviton.com. 
2. Lutron Electronics Company, Inc; Maestro Series: www.lutron.com. 
3. Pass & Seymour, a brand of Legrand North America, Inc;    :  www.legrand.us 
4. Substitutions:  See Section 016000 - Product Requirements. 

B. All Wall Dimmers:  Solid-state with continuous full-range even control following square law dimming 
curve, integral radio frequency interference filtering, power failure preset memory, air gap switch 
accessible without removing wall plate, complying with NEMA WD 1 and NEMA WD 6, and listed as 
complying with UL 1472; types and ratings suitable for load controlled as indicated on the drawings. 

http://www.hubbell-wiring.com/
http://www.leviton.com/
http://www.legrand.us/
http://www.leviton.com/
http://www.lutron.com/
http://www.legrand.us/
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C. Control:  Slide control type with separate on/off switch. 
D. Power Rating, Unless Otherwise Indicated or Required to Control the Load Indicated on the Drawings: 
E. Provide locator light, illuminated with load off. 
F. Provide accessory wall switches to match dimmer appearance when installed adjacent to each other. 

2.06 FAN SPEED CONTROLLERS 
A. Description:  120 V AC, solid-state, full-range variable speed, slide control type with separate on/off 

switch, with integral radio frequency interference filtering, fan hum elimination circuitry, field-
adjustable trim, power failure preset memory, complying with NEMA WD 1 and NEMA WD 6, and listed 
as complying with UL 1917. 
1. Current Rating:  1.5 A unless otherwise indicated or required to control the load indicated on 

the drawings. 
2.07 RECEPTACLES 

A. Manufacturers: 
1. Hubbell Incorporated;    :  www.hubbell-wiring.com. 
2. Leviton Manufacturing Company, Inc;    :  www.leviton.com. 
3. Lutron Electronics Company, Inc; Designer Style: www.lutron.com. 
4. Pass & Seymour, a brand of Legrand North America, Inc;    :  www.legrand.us 
5. Substitutions:  See Section 016000 - Product Requirements. 

B. All Receptacles:  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:  Residential grade, 20A, 125V, NEMA 5-20R; single 
or duplex as indicated on the drawings. 
2. Weather Resistant Convenience Receptacles:  Residential grade, 20A, 125V, NEMA 5-20R, , listed 

and labeled 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. 

3. Tamper Resistant Convenience Receptacles:  Residential grade, 20A, 125V, NEMA 5-20R, , listed 
and labeled as tamper resistant type; single or duplex as indicated on the drawings. 

4. Tamper Resistant and Weather Resistant Convenience Receptacles:  Residential 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. GFI Receptacles: 
1. All GFI Receptacles:  Provide with feed-through protection, light to indicate ground fault tripped 

condition and loss of protection, and list as complying with UL 943, class A. 
a. Provide test and reset buttons of same color as device. 

2. Standard GFI Receptacles:  Residential grade, duplex, 20A, 125V, NEMA 5-20R, rectangular 
decorator style. 

http://www.hubbell-wiring.com/
http://www.leviton.com/
http://www.lutron.com/
http://www.legrand.us/
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3. Weather Resistant GFI Receptacles:  Residential grade, duplex, 20A, 125V, NEMA 5-20R, 
rectangular decorator style, listed and labeled as weather resistant type complying with UL 498 
Supplement SE suitable for installation in damp or wet locations. 

2.08 WALL PLATES 
A. All 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.  
B. Nylon Wall Plates:  Smooth finish, high-impact thermoplastic. 
C. Weatherproof Covers for Wet or 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. 

2.09 FLOOR BOX SERVICE FITTINGS  
A. Manufacturers: 

1. Hubbell Incorporated;    :  www.hubbell-wiring.com. 
B. Description:  Service fittings compatible with floor boxes provided under Section 260537 with all 

components, adapters, and trims required for complete installation. 
C. Flush Floor Service Fittings: 

1. Single Service Flush Convenience Receptacles: 
a. Cover:  Round. 
b. Configuration:  One standard convenience duplex receptacle(s) with duplex flap 

opening(s). 
2. Dual Service Flush Combination Outlets: 

a. Cover:  Round.  
b. Configuration: 

1) Power: One standard convenience duplex receptacle(s) with duplex flap 
opening(s). 

2) Voice and Data Jacks:  As specified in Section 271005. 
2.10  POKE-THROUGH ASSEMBLIES  

A. Manufacturers: 
1 . Hubbell Incorporated;    :  www.hubbell-wiring.com. 
B.   Description:  Assembly comprising floor service fitting, poke-through component, fire stops and smoke 

barriers, and junction box for conduit termination; fire rating listed to match fire rating of floor and 
suitable for floor thickness where installed. 

C. Flush Floor Service Fittings: 
1. Single Service Flush Convenience Receptacles: 

a. Configuration:  One standard convenience duplex receptacle(s) with duplex flap 
opening(s). 

2. Dual Service Flush Combination Outlets: 
a. Cover:  Hinged door(s).  
b. Configuration:  

1) Power:  One standard convenienceduplex receptacle(s). 

http://www.hubbell-wiring.com/
http://www.hubbell-wiring.com/
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   2) Voice and Data Jacks:  As specified in Section 271005. 
3. Accessories: 

a. Closure Plugs:  Size and fire rating as required to seal unused core hole and maintain fire 
rating of floor. 

 
PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 
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 wall openings are neatly cut and will be completely covered by wall plates.  
D. Verify that final surface finishes are complete, including painting. 
E. Verify that floor boxes are adjusted properly. 
F. Verify that branch circuit wiring installation is completed, tested, and ready for connection to wiring 

devices. 
G. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 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. 
3.03 INSTALLATION 

A. Perform work in a neat and workmanlike manner in accordance with NECA 1 and, where applicable, 
NECA 130, including mounting heights specified in those standards unless otherwise indicated. 

B. Coordinate locations of outlet boxes provided under Section 260537 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. Fan Speed Controllers:  48 inches above finished floor. 
d. 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 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. 
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G. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit equipment 
grounding conductor and to outlet box with bonding jumper. 

H. Provide GFI receptacles with integral GFI 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. 
K. Install wall dimmers to achieve full rating specified and indicated after derating for ganging as instructed 

by manufacturer. 
L. Do not share neutral conductor on branch circuits utilizing wall dimmers. 
M. Install vertically mounted receptacles with grounding pole on top and horizontally mounted receptacles 

with grounding pole on left. 
N. 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. 

O. Install blank wall plates on junction boxes and on outlet boxes with no wiring devices installed or 
designated for future use. 

P. Provide wiring device label in accordance with Section 260553 for wall-mounted controls controlling 
loads that are not visible from the control location or multiple wall-mounted controls installed at one 
location identifying load controlled. 

Q. Provide wiring device label in accordance with Section 260553 for all receptacles identifying serving 
branch circuit. 

R. Install poke-through closure plugs in all unused core holes to maintain fire rating of floor. 
3.04 FIELD QUALITY CONTROL 

A. Perform field inspection, testing, and adjusting in accordance with Section 014000.  
B. Inspect each wiring device for damage and defects. 
C. Operate each wall switch, wall dimmer, and fan speed controller with circuit energized to verify proper 

operation. 
D. Test each receptacle to verify operation and proper polarity. 
E. Test each GFCI receptacle for proper tripping operation according to manufacturer's instructions. 
F. Correct wiring deficiencies and replace damaged or defective wiring devices. 

3.05 ADJUSTING 
A. Adjust devices and wall plates to be flush and level. 
B. Adjust presets for wall dimmers according to manufacturer's instructions as directed by Architect. 

3.06 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 28 13 
FUSES 

 
PART 1 GENERAL 
1.01  SECTION INCLUDES  

A. Fuses. 
B. Spare fuse cabinet. 

1.02 RELATED REQUIREMENTS 
A. Section 260553 - Identification for Electrical Systems:  Identification products and requirements. 
B. Section 262818 - Enclosed Switches:  Fusible switches. 
C. Section 262913 - Enclosed Controllers:  Fusible switches. 

1.03 REFERENCE STANDARDS 
A. NEMA FU 1 - Low Voltage Cartridge Fuses; National Electrical Manufacturers Association; 2002 (R2007). 
B. NFPA 70 - National Electrical Code; National Fire Protection Association; 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. 

1.04 ADMINISTRATIVE REQUIREMENTS  
A. Coordination: 
1. Coordinate fuse clips furnished in equipment provided under other sections for compatibility with 

indicated fuses. 
a. Fusible Enclosed Switches:  See Section 262818. 
b. Fusible Switches for Enclosed Motor Controllers:  See Section 262913. 

2. Coordinate fuse requirements according to manufacturer's recommendations and nameplate data for 
actual equipment to be installed. 

3. Notify Architect of any conflicts with or deviations from the contract documents. Obtain direction before 
proceeding with work. 

1.05 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide manufacturer's standard data sheets including voltage and current ratings, 

interrupting ratings, time-current curves, and current limitation curves. 
1. Spare Fuse Cabinet:  Include dimensions. 

C. Maintenance Materials:   Furnish the following for Owner's use in maintenance of project. 
1. See Section 016000 - Product Requirements, for additional provisions. 
2. Extra Fuses:  One set(s) of three for each type and size installed. 
3. Fuse Pullers:  One set(s) compatible with each type and size installed. 
4. Spare Fuse Cabinet Keys:  Two. 

1.06 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. 
 
PART 2 PRODUCTS 
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2.01 APPLICATIONS 
A. Individual Motor Branch Circuits:  Class RK1, time-delay. 
B. Primary Protection for Control Transformers:  Class CC, time-delay. 

2.02 FUSES 
A. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 

indicated. 
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. 

2.03 SPARE FUSE CABINET 
A. Description:  Wall-mounted sheet metal cabinet with shelves and hinged door with cylinder lock, 

suitably sized to store spare fuses and fuse pullers specified. 
 

PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that fuse ratings are consistent with circuit voltage and manufacturer's recommendations and 
nameplate data for equipment. 

B. Verify that mounting surfaces are ready to receive spare fuse cabinet. 
C. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 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.  
C. Install spare fuse cabinet where indicated. 

 
 

END OF SECTION 
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SECTION 26 28 17 
ENCLOSED CIRCUIT BREAKERS 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Enclosed circuit breakers. 
1.02 RELATED REQUIREMENTS 

A. Section 260526 - Grounding and Bonding for Electrical Systems.  
B. Section 260529 - Hangers and Supports for Electrical Systems. 
C. Section 260553 - Identification for Electrical Systems:  Identification products and requirements. 

1.03 REFERENCE STANDARDS 
A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; Federal Specification; Revision 

D, 2006. 
B. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical Contractors 

Association; 2010. 
C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2008. 
D. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and 

Systems; International Electrical Testing Association; 2009. 
E. NFPA 70 - National Electrical Code; National Fire Protection Association; 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 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker Enclosures; Current 

Edition, Including All Revisions. 
1.04 ADMINISTRATIVE REQUIREMENTS  

A. Coordination: 
1. Coordinate work with other trades. Avoid placement of ductwork, piping, equipment, or other 

potential obstructions within 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 of any conflicts with or deviations from the contract documents. Obtain 
direction before proceeding with work. 

1.05 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide manufacturer's standard catalog pages and data sheets for circuit breakers, 

enclosures, and other installed components and accessories. 
C. 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. 
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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. Maintenance Data:  Include information on replacement parts and recommended maintenance 
procedures and intervals. 

1.06 QUALITY ASSURANCE 
A. Conform to requirements of NFPA 70. 

1.07 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 

circuit breaker internal components, enclosure, and finish. 
1.08 FIELD CONDITIONS 

A. Maintain ambient temperature between 23 degrees F and 104 degrees F during and after installation of 
enclosed circuit breakers. 

 
PART 2 PRODUCTS 
2.01 MANUFACTURERS 

A. Siemens Industry, Inc:  www.sea.siemens.com. 
B. Eaton Corporation; Cutler-Hammer Products:  www.eaton.com.  
C. General Electric Company:  www.geindustrial.com. 
D. Schneider Electric; Square D Products:  www.schneider-electric.us. 
E. Substitutions:  See Section 016000 - Product Requirements. 
F. Source Limitations:  Furnish enclosed circuit breakers and associated components produced by the same 

manufacturer as the other electrical distribution equipment used for this project and obtained from a 
single supplier. 

2.02 ENCLOSED CIRCUIT BREAKERS 
A. Description:  Units consisting of molded case circuit breakers individually mounted in enclosures. 
B. Provide products listed and labeled by Underwriters Laboratories Inc. as suitable for the purpose 

indicated. 
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 23 degrees F and 104 degrees F.  

D. Short Circuit Current Rating: 
1. Provide enclosed circuit breakers with listed short circuit current rating not less than the 

available fault current at the installed location indicated on the drawings.  
E. Conductor Terminations:  Suitable for use with the conductors to be installed. 
F. Provide solidly bonded equipment ground bus in each enclosed circuit breaker, with a suitable lug for 

terminating each equipment grounding conductor. 
G. 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: 

H. Provide externally operable handle with means for locking in the OFF position. 

http://www.sea.siemens.com/
http://www.eaton.com/
http://www.geindustrial.com/
http://www.schneider-electric.us/
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2.03 MOLDED CASE CIRCUIT BREAKERS 
A. 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. 

B. Interrupting Capacity: 
1. Provide circuit breakers with interrupting capacity as required to provide the short circuit 

current rating indicated, but not less than:  
2. Fully Rated Systems:  Provide circuit breakers with interrupting capacity not less than the short 

circuit current rating indicated. 
C. Conductor Terminations: 

1. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.  
D. Multi-Pole Circuit Breakers:  Furnish with common trip for all poles. 
 

PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 
B. Verify that the ratings of the enclosed circuit breakers are consistent with the indicated requirements. 
C. Verify that mounting surfaces are ready to receive enclosed circuit breakers.  
D. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 INSTALLATION 
A. Install enclosed circuit breakers where indicated, in accordance with manufacturer's instructions. 
B. Install enclosed circuit breakers securely, in a neat and workmanlike manner in accordance with NECA 1. 
C. Arrange equipment to provide minimum clearances in accordance with manufacturer's instructions and 

NFPA 70. 
D. Provide required supports in accordance with Section 260529.  
E. Install enclosed circuit breakers plumb. 
F. Install flush-mounted enclosed circuit breakers so that trims fit completely flush to wall with no gaps 

and rough opening completely covered. 
G. Except where indicated to be mounted adjacent to the equipment they supply, mount enclosed circuit 

breakers such that the highest position of the operating handle does not exceed 79 inches above the 
floor or working platform. 

H. Provide grounding and bonding in accordance with Section 260526. 
3.03 FIELD QUALITY CONTROL 

A. Perform inspection, testing, and adjusting in accordance with Section 014000. 
B. Inspect and test in accordance with manufacturer's instructions and NETA STD ATS, except Section 4. 
C. Perform inspections and tests listed in NETA STD ATS, Section 7.6.1.1 for circuit breakers used for service 

entrance. 
D. Correct deficiencies and replace damaged or defective enclosed circuit breakers. 

3.04 ADJUSTING 
A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended torque 

settings. 
3.05 CLEANING 

A. Clean dirt and debris from circuit breaker enclosures and components according to manufacturer's 
instructions. 
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B. Repair scratched or marred exterior surfaces to match original factory finish. 
 
 

END OF SECTION 



      
 
 
 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 448 
ENCLOSED SWITCHES                        26 28 18 

SECTION 26 28 18 
ENCLOSED SWITCHES 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Enclosed safety switches. 
1.02 RELATED REQUIREMENTS 

A. Section 260526 - Grounding and Bonding for Electrical Systems.  
B. Section 260529 - Hangers and Supports for Electrical Systems. 
C. Section 260553 - Identification for Electrical Systems:  Identification products and requirements. 
D. Section 262813 - Fuses. 
E. Section 262913 - Enclosed Controllers:  Manual motor controllers. 

1.03 REFERENCE STANDARDS 
A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical Contractors 

Association; 2010. 
B. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2008. 
C. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts Maximum); 

National Electrical Manufacturers Association; 2001 (R2006). 
D. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and 

Systems; International Electrical Testing Association; 2009. 
E. NFPA 70 - National Electrical Code; National Fire Protection Association; 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.  
I. UL 869A - Reference Standard for Service Equipment; Current Edition, Including All Revisions. 

1.04  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 of any conflicts with or deviations from the contract documents. Obtain 
direction before proceeding with work. 

1.05 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Provide manufacturer's standard catalog pages and data sheets for enclosed switches and 

other installed components and accessories. 
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C. 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. 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, installation, and starting of product. 

F. Maintenance Data:  Include information on replacement parts and recommended maintenance 
procedures and intervals. 

G. Maintenance Materials:   Furnish the following for Owner's use in maintenance of project. 
1. See Section 016000 - Product Requirements, for additional provisions. 

1.06 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. 
1.07 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. 

1.08 FIELD CONDITIONS 
A. Maintain ambient temperature between -22 degrees F and 104 degrees F during and after installation of 

enclosed switches. 
 

PART 2 PRODUCTS 
2.01 MANUFACTURERS 

A. Siemens Industry, Inc:  www.sea.siemens.com. 
B. Eaton Corporation; Cutler-Hammer Products:  www.eaton.com.  
C. General Electric Company:  www.geindustrial.com. 
D. Schneider Electric; Square D Products:  www.schneider-electric.us.  
E. Substitutions:  See Section 016000 - Product Requirements. 
F. 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. 

2.02 ENCLOSED SAFETY SWITCHES 
A. Description:  Quick-make, quick-break, enclosed safety switches complying with NEMA KS 1, type HD 

(heavy duty), and listed and labeled as complying with UL 98; ratings, configurations, and features as 
indicated on the drawings. 

B. Provide products listed and labeled by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated. 

http://www.sea.siemens.com/
http://www.eaton.com/
http://www.geindustrial.com/
http://www.schneider-electric.us/
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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. Provide enclosed safety switches, when protected by the fuses or supply side overcurrent 
protective devices to be installed, with listed short circuit current rating not less than the 
available fault current at the installed location as indicated on the drawings. 

2. Minimum Ratings: 
a. Heavy Duty Single Throw Switches Protected by Class R, Class J, Class L, or Class T Fuses: 

200,000 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 insulated, groundable fully rated solid neutral assembly where a neutral connection is required, 

with a suitable lug for terminating each neutral conductor. 
K. Provide solidly bonded equipment ground bus in each enclosed safety switch, with a suitable lug for 

terminating each equipment grounding conductor. 
L. Enclosures:  Comply with NEMA KS 1 and 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: 
M. Provide safety interlock to prevent opening the cover with the switch in the ON position with capability 

of overriding interlock for testing purposes. 
N. Heavy Duty Switches: 

1. Conductor Terminations: 
a. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors. 

2. Provide externally operable handle with means for locking in the OFF position, capable of 
accepting three padlocks. 

 
PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 
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. 

3.02 INSTALLATION 
A. Install enclosed switches in accordance with manufacturer's instructions. 
B. Install enclosed switches securely, in a neat and workmanlike manner in accordance with NECA 1. 
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C. Arrange equipment to provide minimum clearances in accordance with manufacturer's instructions and 
NFPA 70. 

D. Provide required supports in accordance with Section 260529.  
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 260526. 
H. Provide fuses complying with Section 262813 for fusible switches as indicated or as required by 

equipment manufacturer's recommendations. 
3.03 FIELD QUALITY CONTROL 

A. Perform field inspection, testing, and adjusting in accordance with Section 014000.  
B. Inspect and test in accordance with NETA STD ATS, except Section 4. 
C. Perform inspections and tests listed in NETA STD ATS, Section 7.5.1.1. 
D. Correct deficiencies and replace damaged or defective enclosed safety switches or associated 

components. 
3.04 ADJUSTING 

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended torque 
settings. 

3.05 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 31 00 
PHOTOVOLTAIC COLLECTORS 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Photovoltaic system requirements.  
B. Photovoltaic modules. 
C. Photovoltaic module mounting system.  
D. Photovoltaic combiner boxes. 
E. Photovoltaic inverters. F. Monitoring system. 

1.02 RELATED REQUIREMENTS 
A. Section 260519 - Low-Voltage Electrical Power Conductors and Cables.  
B. Section 260526 - Grounding and Bonding for Electrical Systems. 
C. Section 260529 - Hangers and Supports for Electrical Systems. 
D. Section 260553 - Identification for Electrical Systems:  Identification products and requirements. 
E. Section 262701 - Electrical Service Entrance.  
F. Section 262813 - Fuses. 
G. Section 262818 - Enclosed Switches. 
H. Section 264300 - Surge Protective Devices. 

1.03 REFERENCE STANDARDS 
A. IEC 61215 - Crystalline Silicon Terrestrial Photovoltaic (PV) Modules - Design Qualification and Type 

Approval; 2005. 
B. IEEE 1547 - Standard for Interconnecting Distributed Resources with Electric Power Systems; 2003 (Reaff 

2008). 
C. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical Contractors 

Association; 2010. 
D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2008. 
E. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 
F. UL 1449 - Standard for Surge Protective Devices; Current Edition, Including All Revisions.  
G. UL 1703 - Flat Plate Photovoltaic Modules and Panels; Current Edition, Including All Revisions. 
H. UL 1741 - Inverters, Converters, Controllers and Interconnection System Equipment for Use With 

Distributed Energy Resources; Current Edition, Including All Revisions. 
I. UL 2579 - Low-Voltage Fuses - Fuses for Photovoltaic Systems; Current Edition, Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS  
A. Coordination: 

1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment or 
other potential obstructions within the spaces dedicated for photovoltaic system components. 

2. Coordinate arrangement of electrical equipment with the dimensions and clearance 
requirements of the actual equipment to be installed. 

3. Notify Architect of any conflicts with or deviations from the contract documents. Obtain 
direction before proceeding with work. 
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B. Preinstallation Meeting:  Convene one week prior to commencing work of this section; require 
attendance of all affected installers. Include adequate instruction on the electrical hazards associated 
with photovoltaic systems and appropriate safety procedures to be followed. 

C. Rebates and Incentives:  Prepare and submit documentation as required for Owner to secure funds from 
available federal, state, and utility company rebate and incentive programs. Notify Owner of any time 
constraints affecting program qualification. 

D. Utility Interconnection: 
1. See Section 262701 for Utility Company contact information and additional requirements. 
2. Prepare and submit documentation as required for securing utility interconnection agreement 

between Owner and Utility Company. 
3. Preinstallation Meeting:  Convene one week prior to commencing work of this section to review 

interconnection requirements and details with Utility Company representative. 
4. Coordinate with Utility Company to provide utility metering suitable for system requirements. 
5. Arrange for inspections and secure permits necessary to obtain Utility Company approval of 

system. 
1.05 SUBMITTALS 

A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for each product. Include 

ratings, configurations, standard wiring diagrams, outline and support point dimensions, finishes, 
weights, service condition requirements, and installed features. 

C. Shop Drawings:  Include dimensioned plan views and sections indicating locations of system 
components, required clearances, attachment locations and details, and proposed size, type, and 
routing of conduits and cables. Include system interconnection schematic diagrams showing all factory 
and field connections. 

D. Design Data: 
1. Include structural calculations, certified by structural engineer, for equipment and mounting 

system. 
2. Include electrical calculations for array and associated equipment other than the basis of design 

products and configuration. 
E. Certify that products of this section meet or exceed specified requirements. 
F. Installer's Qualifications:  Include evidence of compliance with specified requirements. 
G. 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 operation of product. 

H. Manufacturer’s detailed field testing procedures.  
I. Manufacturer's detailed startup procedures. 
J. Rebate and incentive documentation.  
K. Utility interconnection documentation. 
 L. Source quality control test reports. 
M. Field quality control test reports. 
N. Operation and Maintenance Data:  Include detailed information on system operation, equipment 

programming and setup, replacement parts, and recommended maintenance procedures and intervals. 
1. Include contact information for entity that will be providing contract maintenance and trouble 

call-back service. 
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O. Maintenance contracts. 
P. Software:  One copy of software provided under this section. 

1.06  QUALITY ASSURANCE  
A. Comply with NFPA 70. 
B. Comply with Utility Company requirements for interconnection. 
C. Structural Designer Qualifications:  Registered structural engineer licensed in the State in which the 

Project is located. 
D. Installer Qualifications:  Company specializing in performing the work of this section with minimum five 

years documented experience with photovoltaic systems of similar size, type, and complexity. 
1. Licensed in the State in which the Project is located to install photovoltaic systems. 
2. Manufacturer's authorized installer. 
3. Supervisor:  North American Board of Certified Energy Practitioners (NABCEP) certified PV 

Installer or three years experience supervising the installation of photovoltaic systems. 
4. Installer Personnel:  At least 2 years of experience installing photovoltaic systems. 

E. Maintenance Contractor Qualifications:  Same entity as installer or different entity with specified 
qualifications. 

1.07 DELIVERY, STORAGE, AND HANDLING 
A. Store products in manufacturer's unopened packaging, keep dry and protect from damage until ready 

for installation. 
1.08 WARRANTY 

A. See Section 017800 - Closeout Submittals, for additional warranty requirements. 
B. Specified warranties indicate minimum requirements. Provide additional warranties or extended 

warranty periods where required to qualify for rebate and incentive programs. 
C. Photovoltaic Modules: 

1. Provide minimum five year manufacturer warranty covering repair or replacement due to 
defective materials or workmanship. 

2. Provide manufacturer warranty guaranteeing minimum 90 percent of rated power output for 10 
years and minimum 80 percent of rated power output for 20 years. 

D. Photovoltaic Module Mounting System:  Provide minimum 10 year manufacturer warranty covering 
repair or replacement due to defective materials or workmanship. 

E. Photovoltaic Combiner Boxes:  Provide minimum five year manufacturer warranty covering repair or 
replacement due to defective materials or workmanship. 

F. Photovoltaic Inverters:  Provide minimum five year manufacturer warranty covering repair or 
replacement due to defective materials or workmanship. 

 
PART 2 PRODUCTS 
2.01 PHOTOVOLTAIC SYSTEM REQUIREMENTS 

A. Provide complete photovoltaic system consisting of photovoltaic modules and associated balance of 
system components necessary for connection to facility electrical system. 

B. System Description: 
1. Photovoltaic array is ground-mounted in location indicated on the drawings. 
2. Orientation of array is as indicated on the drawings. 
3. Photovoltaic DC system is negative grounded. 
4. System includes interconnection with utility grid (grid-tied system).  
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a. Utility metering configuration:  Net metering. 
5. System does not include battery storage system. 
6. System does not include engine generator. 
7. System includes DC system surge protection. 
8. System includes monitoring system. 
9. Owner intends to secure funds from available federal, state, and utility company rebate and 

incentive programs. 
C. Capacity: 

1. Total Nominal Rated Power Output of Array:  Equal to or greater than the rated output of the 
basis of design array. 

D. Provide photovoltaic system and associated components suitable for wind loads, snow loads, seismic 
loads, and other structural design considerations of the installed location. 

E. Provide photovoltaic system and associated components suitable for continuous operation under the 
service conditions at the installed location. 

F. Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL) or Intertek (ETL) 
as suitable for the purpose indicated. 

G. Provide photovoltaic system and associated components that qualify for available federal, state, and 
utility company rebate and incentive programs. 

H. Unless specifically indicated to be excluded, provide all required equipment, conduit, boxes, wiring, 
connectors, hardware, supports, accessories, software, system programming, etc. as necessary for a 
complete operating system. 

I. Arrange equipment to provide minimum clearances in accordance with manufacturer's instructions and 
NFPA 70. 

J. Arrange array to minimize shading during peak production periods. 
2.2 PHOTOVOLTAIC MODULES 
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A. Acceptable Module Types:  Only crystalline silicon modules are acceptable. Thin film modules will not be 

considered for this project. 

B. General Requirements: 

1. Photovoltaic Modules:  Factory assembled; consisting of photovoltaic cells, frame, junction box, 

cables for series connection, and bypass diodes for shade tolerance; rated for 600 V DC; listed as 

complying with UL 1703. 

2. Crystalline Silicon Photovoltaic Modules:  Comply with IEC 61215. 

3. Frame:  Frameless 

4. Factory-Installed Junction Box:  Weatherproof, with factory-installed terminals and bypass 

diodes. 

5. Factory-Installed Cables:  Type USE-2 or listed photovoltaic (PV) wire with polarized locking 

connectors. 

6. Unless otherwise indicated, specified module performance characteristics are rated under 

Standard Test Conditions (STC). 

7. Power Rating Tolerance:  Plus or minus 3 percent 

2.03 BALANCE OF SYSTEM COMPONENTS  

A. Photovoltaic Module Mounting System: 

1. Provide complete mounting system compatible with modules to be installed and suitable to 

properly install them in the location indicated, including all necessary hardware and accessories. 

2. Support Structure and Associated Hardware Materials:  Use aluminum, galvanized steel, or 

stainless steel. 

3. Ground-Mounted Arrays: 

a. Module Tilt Angle:  As required to provide maximum energy production for installed 

location. 

b. Foundation Type:  As required for soil conditions at installed location.  

B. Photovoltaic Combiner Boxes: 

1. Provide combiner box(es) for termination of strings as indicated or as required for the array 

configuration installed. 

2. Combiner Boxes:  Rated for 600 V DC; current ratings suitable for connected strings; equipped 

with terminal blocks; listed as complying with UL 1741. 

3. Terminal blocks:  Suitable to receive wires indicated. 

4. Number of Input Circuits:  As indicated or as required for termination of strings, with minimum 

of 25 percent spare capacity for future expansion. 

5. Enclosure:  NEMA 250, Type 3R, unless otherwise indicated.  

C. Photovoltaic Inverters: 
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1. Provide inverter(s) as indicated or as required for connection of the photovoltaic array DC 
system to the AC system indicated. 

2. Inverters:  Suitable for the requirements of the connected array; output configuration 
compatible with connected system; listed as complying with UL 1741; furnished with the 
following features: 
a. Two independent maximum power point tracking (MPPT).  
b. LCD display. 
c. Integral DC disconnect. 
d. Integral DC ground fault detection and interruption (GFDI). 

3. Grid-Tied Inverters:  Comply with IEEE 1547, including over/under grid voltage and frequency 
protection, and anti-islanding protection to automatically disconnect upon loss of utility power 
and to remain disconnected until utility power restoration has been maintained for five minutes. 

4. Total Harmonic Distortion:  Less than two percent. 
5. Enclosure Environment Type per NEMA 250: Unless otherwise indicated, as specified for the 

following installation locations: 
D. Enclosed Switches:  In addition to requirements of Section 262818, comply with the following: 

1. Switches for DC System:  Rated for 600 V DC. 
E. Surge Protective Devices:  In addition to requirements of Section 264300, comply with the following: 

1. Surge Protective Devices for DC System: 
a. Rated for 600 V DC. 
b. Listed and labeled as complying with UL 1449, Type 1.  
c. Surge Current Rating:  Not less than 50 kA per mode. 
d. UL 1449 Nominal Discharge Current (I-n):  20 kA. 

F. Fuses:  In addition to requirements of Section 262818, comply with the following: 
1. Fuses for DC System:  Rated for 600 V DC. 
2. Fuses for Protection of Photovoltaic Strings and Arrays:  Use photovoltaic fuses listed as 

complying with UL 2579. 
G. Monitoring System 

1. Provide a system to monitor photovoltaic system performance including all sensors, 
dataloggers, connections, software, equipment and accessories necessary for a complete 
operating system. 

2. System communications interfaces to be wired or wireless, with compatible interconnected 
components. 
a. Provide suitable raceway, minimum 3/4 inch trade size, for all required wired 

connections. 
3. System to monitor and record, in 15 minute intervals: 

a. Inverter status. 
b. Instantaneous power (kW). 
c. Cumulative energy production (kWh). 

4. System real-time and historical data to be accessible from the following locations: 
a. Personal computer(s), via internet connection. 

2.04 SOURCE QUALITY CONTROL 
A. Factory test the following products to verify operation and performance characteristics. Include test 

reports with submittals. 
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PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 
B. Verify that ratings and configurations of system components are consistent with the indicated 

requirements. 
C. Verify that mounting surfaces are ready to receive system components. 
D. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 PREPARATION 
A. Use open circuiting, short circuiting, or opaque covering to disable modules, array or portions of array 

prior to installation and service. 
3.03 INSTALLATION 

A. Perform work in a neat and workmanlike manner in accordance with NECA 1.  
B. Install products in accordance with manufacturer's instructions. 
C. Provide required supports in accordance with Section 260529. 
D. Mount equipment such that the highest position of any operating handle for circuit breakers or switches 

does not exceed 79 inches above the floor, ground, or working platform. 
E. Provide cast-in-place concrete foundations for ground-mounted arrays as required.  
F. Circuiting Requirements, in Addition to Requirements of Section 260519: 

1. Wiring Methods: 
a. Unless otherwise indicated, use exposed module factory-installed cables (not routed 

inside building) for module interconnections. 
b. Unless otherwise indicated, use type THHN/THWN-2 single-conductor building wire in 

suitable raceway for wiring between combiner box(es) and point of 
interconnection. 
c. Secure exposed cables in accordance with NFPA 70. Where possible, conceal behind 

array. 
d. Install cables in suitable raceway where readily accessible or where required by 

authority having jurisdiction. 
e. Use suitable twist-on insulated spring connectors, mechanical connectors, or 

compression connectors for photovoltaic circuit splices and taps. 
2. Photovoltaic DC System Conductor Color Code: 

a. Negative Grounded System: 
1) Positive:  Red. 
2) Negative/Grounded:  White. 

3. Maintain separation of photovoltaic and non-photovoltaic circuits in accordance with NFPA 70. 
G. Grounding and Bonding Requirements, in Addition to Requirements of Section 260526: 

1. Ensure that there is only one AC System bonding connection between grounding system and 
grounded/neutral conductor, including external connections and connections internal to 
equipment. 

2. Grounded DC Systems:  Ensure that there is only one point of system grounding connection to 
the grounded conductor, including external connections and connections internal to equipment. 

H. Identification Requirements, in Addition to Those Specified in Section 260553: 
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1. Use identification nameplate or means of identification acceptable to authority having 
jurisdiction to identify the presence of multiple power sources and the location of main service 
disconnecting means and each photovoltaic system disconnecting means. Locate at main service 
disconnecting means and each photovoltaic system disconnecting means. Verify format and 
descriptions with authority having jurisdiction. 

2. Use identification nameplate to identify each photovoltaic system disconnecting means with 
text "PHOTOVOLTAIC SYSTEM DC DISCONNECT" or "PHOTOVOLTAIC SYSTEM AC DISCONNECT" 
as applicable. 

3. Use identification nameplate or identification label to identify each photovoltaic system; DC 
disconnecting means with the following information: 
a. Rated maximum power-point current (operating current).  
b. Rated maximum power-point voltage (operating voltage).  
c. Maximum system voltage. 
d. Short-circuit current. 

4. Use identification nameplate or identification label to identify the interactive system point of 
interconnection at the disconnecting means as a power source and with the rated AC output 
current and the nominal operating AC voltage. 

5. Where the inverter output connection is located in a panelboard on the opposite (load) end 
from the input feeder location or main circuit location in order to meet requirements of NFPA 
70, use identification nameplate or identification label to identify the overcurrent device with 
the word message "Warning; Inverter output connection; Do not relocate this overcurrent 
device". 

6. Use warning labels, identification nameplates, or identification labels to identify electrical 
hazards for photovoltaic system disconnecting means. Include the word message "Warning - 
Electric Shock Hazard; Do not touch terminals; Terminals on both the line and load sides may be 
energized in the open position" or approved equivalent. 

7. Use warning labels, identification nameplates, or identification labels to identify electrical 
hazards for photovoltaic systems equipped with DC ground-fault protection in accordance with 
NFPA 70. Include the word message "Warning - Electric Shock Hazard; If a ground fault is 
indicated, normally grounded conductors may be ungrounded and energized". 

8. Use wire and cable markers to identify photovoltaic system source, output, and inverter circuit 
conductors at all points of termination, connection, and splices. 

9. Use voltage markers, identification labels, stenciled text, or suitable permanent marking 
approved by authority having jurisdiction to identify exposed raceways, cable trays, pull boxes, 
junction boxes, and conduit bodies with the text "Photovoltaic Power Source" at maximum 
intervals of 10 feet in accordance with NFPA 70. 

3.04 FIELD QUALITY CONTROL 
A. See Section 014000 - Quality Requirements, for additional requirements. 
B. See article "SYSTEM STARTUP" below for additional requirements related to testing and inspection. 
C. Inspection and testing to include, at a minimum 

1. Inspect each system component for damage and defects. 
2. Verify that equipment enclosures, boxes, and associated connections installed outdoors are 

weatherproof. 
3. Verify proper wiring connections have been made and check for conductor continuity. 
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4. Verify proper polarity. 
5. Verify tightness of mechanical and electrical connections are according to manufacturer's 

recommended torque settings. 
6. Measure and record voltages at the inverter AC and DC inputs. 
7. Measure and record AC output power. 
8. Perform inverter functional test. 

a. Grid-Tied Inverters:  Include simulation of loss of utility power and subsequent power 
restoration. 

9. Verify proper operation of monitoring system. 
D. Correct defective work, adjust for proper operation, and retest until entire system complies with 

contract documents. 
E. Diagnostic Period:  After successful completion of inspections and tests, operate system in normal mode 

for at least 14 days without any system or equipment malfunctions. 
1. Record all system operations and malfunctions. 
2. If a malfunction occurs, start diagnostic period over after correction of malfunction. 

F. Submit detailed reports indicating inspection and testing results and corrective actions taken. 
3.05 SYSTEM STARTUP 

A. Provide services of a manufacturer's authorized representative to assist in performing system startup. 
Include manufacturer's detailed startup procedures with submittals. 

B. Obtain Owner's approval prior to performing system startup. 
C. Grid-Tied Systems:  Obtain Utility Company's approval prior to performing system startup. D. Prepare 

and start system in accordance with manufacturer's instructions. 
3.06 CLEANING 

A. Clean modules using only methods recommended by manufacturer to avoid scratches and other 
damage. Clean exposed surfaces on other components to remove dirt, paint, or other foreign material 
and restore to match original factory finish. 

3.07 CLOSEOUT ACTIVITIES 
A. Demonstration:  Demonstrate proper operation of system to Owner, and correct deficiencies or make 

adjustments as directed. 
B. Training:  Train Owner's personnel on operation, adjustment, and maintenance of photovoltaic system. 

1. Use operation and maintenance manual as training reference, supplemented with additional 
training materials as required. 

2. Provide minimum of four hours of training. 
3. Instructor:  Manufacturer's authorized representative. 
4. Location:  At project site. 

3.08 PROTECTION 
A. Protect installed products from subsequent construction operations. 

3.09 MAINTENANCE 
A. Provide to Owner, a proposal as an alternate to the base bid, a separate maintenance contract for the 

service and maintenance of photovoltaic system for two years from date of Substantial Completion, to 
include the work described below; Include a complete description of preventive maintenance, 
systematic examination, adjustment, cleaning, inspection, and testing, with a detailed schedule. 

 
END OF SECTION 
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SECTION 26 43 00  
SURGE PROTECTIVE DEVICES 

PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Surge protective devices for service entrance locations. 
1.02 RELATED REQUIREMENTS 

A. Section 260526 - Grounding and Bonding.  
B. Section 262416 - Panelboards. 

1.03 ABBREVIATIONS AND ACRONYMS 
A. EMI/RFI:  Electromagnetic Interference/Radio Frequency Interference.  
B. SPD:  Surge Protective Device. 

1.04 REFERENCE STANDARDS 
A. MIL-STD-220 - Method of Insertion Loss Measurement; Revision C, 2009.  
B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010. 
C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2008. 
D. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and 

Systems; International Electrical Testing Association; 2009. 
E. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction, 

Including All Applicable Amendments and Supplements. 
F. UL 1283 - Standard for Electromagnetic Interference Filters; Current Edition, Including All Revisions. 
G. UL 1449 - Standard for Surge Protective Devices; Current Edition, Including All Revisions. 

1.05 ADMINISTRATIVE REQUIREMENTS 
A. Coordination:  Coordinate size and location of overcurrent device compatible with the actual surge 

protective device and location to be installed. Notify Architect of any conflicts or deviations from the 
contract documents to obtain direction prior to ordering equipment. 

1.06 SUBMITTAL 
A. See Section 013000 - Administrative Requirements, for submittal procedures. 
B. Product Data: Include detailed component information, voltage, surge current ratings, repetitive surge 

current capacity, voltage protection rating (VPR) for all protection modes, maximum continuous 
operating voltage (MCOV), nominal discharge current (I-n), short circuit current rating (SCCR), 
connection means including any required external overcurrent protection, enclosure ratings, outline and 
support point dimensions, weight, service condition requirements, and installed features. 
1. SPDs with EMI/RFI filter:  Include noise attenuation performance. 

C. Shop Drawings:  Include wiring diagrams showing all factory and field connections with wire and circuit 
breaker/fuse sizes. 

D. Certificates:  Manufacturer's documentation of listing for compliance with the following standards: 
1. UL 1449. 
2. UL 1283 (for Type 2 SPDs). 

E. 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. 

F. Operation and Maintenance Data:  Include information on status indicators and recommended 
maintenance procedures and intervals. 
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G. Warranty:  Submit sample of manufacturer's warranty and documentation of final executed warranty 
completed in Owner's name and registered with manufacturer. 

H. Project Record Documents:  Record actual connections and locations of surge protective devices. 
1.07 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. 
1.08 DELIVERY, STORAGE, AND PROTECTION 

A. Store in a clean, dry space in accordance with manufacturer's written instructions. 
1.09 FIELD CONDITIONS 

A. Maintain field conditions within manufacturer's required service conditions during and after installation. 
1.10  WARRANTY 

A. See Section 017800 - Closeout Submittals, for additional warranty requirements. 
B. Manufacturer's Warranty:  Provide minimum five year warranty covering repair or replacement of surge 

protective devices showing evidence of failure due to defective materials or workmanship. 
 

PART 2 PRODUCTS 
2.01 MANUFACTURERS 

A. Field-installed, Externally Mounted Surge Protective Devices: 
1. Advanced Protection Technologies, Inc (APT);    :  www.aptspd.com. 

 2. Current Technology; a brand of Thomas & Betts Power Solutions; www.tnbpowersolutions.com. 
3. General Electric Company;    :  www.geindustrial.com. 
4. Substitutions:  See Section 016000 - Product Requirements. 

B. Source Limitations:  Furnish surge protective devices produced by a single manufacturer and obtained 
from a single supplier. 

2.02 ALL SURGE PROTECTIVE DEVICES 
A. Description:  Factory-assembled surge protective devices (SPDs) for 60 Hz service, listed and classified by 

Underwriters Laboratories Inc. as suitable for the purpose specified and indicated; system voltage as 
indicated on the drawings. 

B. Protected Modes: 
1. Wye Systems:  L-N, L-G, N-G, L-L. 
2. Single Split Phase Systems:  L-N, L-G, N-G, L-L.  

C. UL 1449 Voltage Protection Ratings (VPRs): 
1. 240/120V System Voltage:  Not more than 1,000 V for L-N, L-G, and N-G modes and 1,200 V for 

L-L mode. 
D. UL 1449 Maximum Continuous Operating Voltage (MCOV):  Not less than 115% of nominal system 

voltage. 
E. Enclosure Environment Type per NEMA 250:  Unless otherwise indicated, as specified for the following 

installation locations: 
1. Indoor clean, dry locations:  Type 1. 

F. Mounting for Field-installed, Externally Mounted SPDs:  Unless otherwise indicated, as specified for the 
following locations: 
1. Provide surface-mounted SPD where mounted adjacent to surface-mounted equipment. 
2. Provide flush-mounted SPD where mounted adjacent to flush-mounted equipment. 

http://www.aptspd.com/
http://www.tnbpowersolutions.com/
http://www.geindustrial.com/
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2.03  SURGE PROTECTIVE DEVICES FOR SERVICE ENTRANCE LOCATIONS  
A. Unless otherwise indicated, provide field-installed, externally mounted SPDs 
B. List and label as complying with UL 1283 and UL 1449, Type 1 when connected on line side of service 

disconnect overcurrent device and Type 1 or 2 when connected on load side of service disconnect 
overcurrent device. 

C. Provide SPDs utilizing field-replaceable modular or non-modular protection circuits.  
D. Surge Current Rating:  Not less than 125 kA per mode/250 kA per phase. 
E. UL 1449 Nominal Discharge Current (I-n):  20 kA. 
F. UL 1449 Short Circuit Current Rating (SCCR):  Not less than the available fault current at the installed 

location as indicated on the drawings. 
G. EMI/RFI Filtering:  Provide EMI/RFI filter to attenuate electrical noise; listed as complying with UL 1283 

for Type 2 SPDs (UL 1283 listing not available for Type 1 SPDs). 
1. Noise Attenuation:  Not less than 40 dB at 100 kHz using MIL-STD-220 insertion loss test 

method. 
H. Diagnostics: 

1. Protection Status Monitoring:  Provide indicator lights to report the protection for each phase. 
2. Alarm Notification:  Provide indicator light and audible alarm to report alarm condition. Provide 

button to manually silence audible alarm. 
3. Remote Status Monitoring:  Provide two Form C dry type contacts (normally open and normally 

closed) for remote annunciation of status. 
4. Surge Counter:  Provide surge event counter with manual reset button, surge count retention 

upon power loss, and six digit LCD display that indicates quantity of surge events. 
I. Provide surge rated integral disconnect switch for SPDs not direct bus connected. 
 

PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 
B. Verify that the service voltage and configuration marked on the SPD are consistent with the service 

voltage and configuration at the location to be installed. 
C. Verify that electrical equipment is ready to accept connection of the SPD and that installed overcurrent 

device is consistent with requirements of the drawings and manufacturer's instructions. 
D. Verify system grounding and bonding is in accordance with Section 260526, including bonding of neutral 

and ground for service entrance and separately derived systems where applicable. Do not energize SPD 
until deficiencies have been corrected. 

E. Verify that conditions are satisfactory for installation prior to starting work. 
3.02 INSTALLATION 

A. Perform work in a neat and workmanlike manner in accordance with NECA 1.  
B. Install SPD in accordance with manufacturer's instructions. 
C. Arrange equipment to provide minimum clearances in accordance with manufacturer's instructions and 

NFPA 70. 
D. Provide conductors with minimum ampacity as indicated on the drawings, as required by NFPA 70, and 

not less than manufacturer's recommended minimum conductor size. 
E. Install conductors between SPD and equipment terminations as short and straight as possible, not 

exceeding manufacturer's recommended maximum conductor length. Breaker locations may be 
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reasonably be rearranged in order to provide leads as short and straight as possible. Twist conductors 
together to reduce inductance. 

F. Do not energize SPD until bonding of neutral and ground for service entrance and separately derived 
systems is complete in accordance with Section 260526 where applicable. Replace SPDs damaged by 
improper or missing neutral-ground bond. 

3.03 FIELD QUALITY CONTROL 
A. Perform inspection, testing, and adjusting in accordance with Section 014000. 

3.04 CLEANING 
A. Repair scratched or marred exterior surfaces to match original factory finish. 
 

 
END OF SECTION 
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SECTION 26 51 00  
INTERIOR LIGHTING 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES  

A. Interior luminaires.  
B. Ballasts. 
C. Lamps. 
D. Luminaire accessories. 

1.02  RELATED REQUIREMENTS  
A. Section 260537 - Boxes. 
B. Section 262726 - Wiring Devices:  Manual wall switches and wall dimmers. 

1.03 REFERENCE STANDARDS 
A. ANSI C82.11 - American National Standard for Lamp Ballasts - High Frequency Fluorescent Lamp Ballasts 

- Supplements; 2011. 
B. IEEE C62.41.2 - Recommended Practice on Characterization of Surges in Low-Voltage (1000 V and less) 

AC Power Circuits; 2002 (R2008). 
C. IESNA LM-63 - ANSI Approved Standard File Format for Electronic Transfer of Photometric Data and 

Related Information; 2002 (Reaffirmed 2008). 
D. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical Contractors 

Association; 2010. 
E. NECA/IESNA 500 - Standard for Installing Indoor Commercial Lighting Systems; National Electrical 

Contractors Association; 2006. 
F. NECA/IESNA 502 - Standard for Installing Industrial Lighting Systems; National Electrical Contractors 

Association; 2006. 
G. NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic Fluorescent 

Ballasts; National Electrical Manufacturers Association; 2011. 
H. NEMA LE 4 - Recessed Luminaires, Ceiling Compatibility; National Electrical Manufacturers Association; 

2006. 
I. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted 

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements. 
J. UL 924 - Emergency Lighting and Power Equipment; Current Edition, Including All Revisions. 
K. UL 935 - Fluorescent-Lamp Ballasts; Current Edition, Including All Revisions.  
L. UL 1598 - Luminaires; Current Edition, Including All Revisions. 
M. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products; Current Edition, Including 

All Revisions. 
1.04  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. 
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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. Notify Architect of any conflicts or deviations from the contract documents to obtain direction 
prior to proceeding with work. 

1.05 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures.  
B. 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. 
C. 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. Provide electronic files of photometric data certified by a National Voluntary Laboratory 

Accreditation Program (NVLAP) lab or independent testing agency in IESNA LM-63 standard 
format 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. 
4. Fluorescent Emergency Power Supply Unit:  Include list of compatible lamp configurations and 

associated lumen output. 
D. Certificates for Dimming Ballasts:  Manufacturer's documentation of compatibility with dimming 

controls to be installed. 
E. Field Quality Control Reports. 
F. 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. 

G. Operation and Maintenance Data:  Instructions for each product including information on replacement 
parts. 

H. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project. 
1. See Section 016000 - Product Requirements, for additional provisions. 
2. Extra Lenses and Louvers:  Two percent of total quantity installed for each type, but not less 

than one of each type. 
3. Extra Lamps: Ten percent of total quantity installed for each type, but not less than two of each 

type. 
4. Extra Ballasts:  Two percent of total quantity installed for each type, but not less than one of 

each type. 
1.06 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. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in this 
section with minimum three years documented experience. 

1.07 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. 

1.08 FIELD CONDITIONS 
A. Maintain field conditions within manufacturer's required service conditions during and after installation. 

1.09 WARRANTY 
A. Provide two year manufacturer warranty for all linear fluorescent ballasts. 
 

PART 2 PRODUCTS 
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2.01 LUMINAIRE TYPES 

A. Furnish products as indicated in luminaire schedule included on the drawings. B. Substitutions:  See 
Section 016000 - Product Requirements. 

2.02 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 and classified by Underwriters Laboratories Inc. as suitable for the purpose 

specified and indicated. 
D. Provide products complying with Federal Energy Management Program (FEMP) requirements.  
E. 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. 

F. 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. 

G. Provide products suitable to withstand normal handling, installation, and service without any damage, 
distortion, corrosion, fading, discoloring, etc. 

H. 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.  

I. Fluorescent Luminaires: 
1. Where applicable, luminaires shall be HPT8 with Super T8 lamps. 
2. Provide ballast disconnecting means complying with NFPA 70 where required. 
3. Fluorescent Luminaires Controlled by Occupancy Sensors:  Provide programmed start ballasts. 

J. LED Luminaires:  Listed and labeled as complying with UL 8750. 
1. Provide LED luminaires that meet Premium requirements of Efficiency Vermont. 

2.03 BALLASTS 
A. All Ballasts: 

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. Ballasts shall be Nema premium per Efficiency Vermont.  

B. Fluorescent Ballasts: 
1. All Fluorescent Ballasts:  Unless otherwise indicated, provide high frequency electronic ballasts 

complying with ANSI C82.11 and listed and labeled as complying with UL 935. 
a. Input Voltage:  Suitable for operation at voltage of connected source, with variation 

tolerance of plus or minus 10 percent. 
b. Total Harmonic Distortion:  Not greater than 10 percent.  
c. Power Factor:  Not less than 0.98. 
d. Ballast Factor:  Low ballast factor between 0.75 and 0.85, unless otherwise indicated. 
e. Thermal Protection:  Listed and labeled as UL Class P, with automatic reset for integral 

thermal protectors. 
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f. Sound Rating:  Class A, suitable for average ambient noise level of 20 to 24 decibels.  
g. Lamp Compatibility:  Specifically designed for use with the specified lamp, with no 

visible flicker. 
h. Lamp Operating Frequency:  Greater than 20 kHz, except as specified below.  
i. Lamp Current Crest Factor:  Not greater than 1.7. 
j. Provide automatic restart capability to restart replaced lamp(s) without requiring 

resetting of power. 
k. Provide end of lamp life automatic shut down circuitry for T5 and smaller diameter lamp 

ballasts. 
l. Surge Tolerance:  Capable of withstanding characteristic surges according to IEEE 

C62.41.2, location category A. 
m. Electromagnetic Interference/Radio Frequency Interference (EMI/RFI) Limits: Comply 

with FCC requirements of CFR, Title 47, Part 18, for Class B, consumer application. 
n. Ballast Marking:  Include wiring diagrams with lamp connections. 

2. Non-Dimming Fluorescent Ballasts: 
a. Lamp Starting Method: 

1) T8 Lamp Ballasts:  Instant start unless otherwise indicated. 
2) T5 Lamp Ballasts:  Programmed start unless otherwise indicated. 
3) Compact Fluorescent Lamp Ballasts:  Programmed start unless otherwise 

indicated. 
b. Lamp Starting Temperature:  Capable of starting standard lamp(s) at a minimum of 0 

degrees F, and energy saving lamp(s) at a minimum of 60 degrees F unless otherwise 
indicated. 

2.04 LAMPS 
A. All Lamps: 

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. Fluorescent lamps shall be "super T8" with premium ballasts per Efficiency 
Vermont requirements. 

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 to be inconsistent in perceived color temperature. 

2.05 ACCESSORIES 
A. Provide accessory plaster frames for luminaires recessed in plaster ceilings. 
 

PART 3 EXECUTION 
3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 
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. 
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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. 
3.02 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. 

3.03 INSTALLATION 
A. Coordinate locations of outlet boxes provided under Section 260537 as required for installation of 

luminaires provided under this section. 
B. Install products according to manufacturer's instructions. 
C. Install luminaires securely, in a neat and workmanlike manner, as specified in NECA 1 (general 

workmanship), 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 recessed luminaires to ceiling support channels or framing 

members or to building structure. 
4. Secure pendant-mounted luminaires to building structure. 
5. Secure lay-in luminaires to ceiling support channels using listed safety clips at four corners. 
6. In addition to ceiling support wires, provide two galvanized steel safety wire(s), minimum 12 

gauge, connected from opposing corners of each recessed luminaire to building structure. 
7. 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.  
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 in length, with 

no more than 4 feet between supports. 
H. Wall-Mounted Luminaires:  Unless otherwise indicated, specified mounting heights are to center of 

luminaire. 
I. Install accessories furnished with each luminaire. 
J. Bond products and metal accessories to branch circuit equipment grounding conductor.  
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. 
2. Install lock-on device on branch circuit breaker serving units.  

L. Fluorescent Emergency Power Supply Units: 
1. For field-installed units, install inside luminaire unless otherwise indicated. Where 
installation inside luminaire is not possible, install on top of luminaire. 
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2. Unless otherwise indicated, connect unit to unswitched power from same circuit feeding normal 
ballast(s) in luminaire. Bypass local switches, contactors, or other lighting controls. 

3. Install lock-on device on branch circuit breaker serving units. 
M. Remote Ballasts:  Install in accessible location as indicated or as required to complete installation, using 

conductors per manufacturer's recommendations not exceeding manufacturer's recommended 
maximum conductor length to luminaire. 

N. Install lamps in each luminaire. 
3.04 FIELD QUALITY CONTROL 

A. See Section 014000 - Quality Requirements, for additional requirements.  
B. Inspect each product for damage and defects. 
C. Operate each luminaire after installation and connection to verify proper operation. 
D. Correct wiring deficiencies and repair or replace damaged or defective products. Repair or replace 

excessively noisy ballasts as determined by Architect. 
3.05 ADJUSTING 

A. Aim and position adjustable luminaires to achieve desired illumination as indicated or as directed by 
Architect. Secure locking fittings in place. 

3.06 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. 

3.07 CLOSEOUT ACTIVITIES 
A. See Section 017800 - Closeout Submittals, for closeout submittals. 
B. See Section 017900 - Demonstration and Training, for additional requirements. 
C. Demonstration:  Demonstrate proper operation of luminaires to Architect, and correct deficiencies or 

make adjustments as directed. 
D. Just prior to Substantial Completion, replace all lamps that have failed. 

3.08 PROTECTION 
A. Protect installed luminaires from subsequent construction operations. 

 
 

END OF SECTION 
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SECTION 27 00 00 
TELE/DATA SYSTEMS 

 
PART 1 GENERAL 
1.01 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
Division 1 Specification Sections, apply to this Section. 

1.02 SUMMARY 
A. This Section includes the following types of control and signal transmission media: 

1. Coaxial cable. 
2. Twisted-pair cable. 

B. Related Sections include the following: 
1. Division 26 Section "Electrical General Provisions" for building wire used for control or signal 

circuits. 
2. Division 26 Section "Conductors and Cables" for building wire used for control or signal circuits. 

1.03 DEFINITIONS 
A. PTFE:  Polytetrafluoroethylene. 

1.04 SUBMITTALS 
A. Product Data:  For control/signal transmission media. 
B. Product Certificates:  Signed by manufacturers of transmission media certifying that the products 

furnished comply with requirements and that they are have been coordinated with and accepted by 
manufacturer of connected equipment. 

C. Samples of each of the following cable types for approval: 
1. Optical fiber riser cables. 
2. Composite copper and optical fiber cables. 

D. Qualification Data:  For firms and persons specified in "Quality Assurance" Article. 
E. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements. 
F. Maintenance Data:  For transmission media to include in the maintenance manuals specified in Division 

1. 
1.05 QUALITY ASSURANCE 

A. Source Limitations:  Obtain all cable of each type through one source from a single manufacturer. 
B. Listing and Labeling:  Provide products specified in this Section that are listed and labeled. 

1. The Terms "Listed" and "Labeled":  As defined in NFPA 70, Article 100. 
2. Listing and Labeling Agency Qualifications:  A "Nationally Recognized Testing Laboratory" as 

defined in OSHA Regulation 1910.7.  
C. Comply with NFPA 70. 

1.06 COORDINATION 
A. Coordinate with and obtain review of cable characteristics and certification for use with the connected 

system equipment by the connected equipment manufacturers. 
 

PART 2 PRODUCTS 
2.01 CAT5e Cable 
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2.02 Linksys Router 

 
 

PART 3 EXECUTION 
3.01 EXAMINATION 

A. Examine raceways and other elements to receive cables for compliance with requirements for 
installation tolerances and other conditions affecting performance of transmission media. Do not 
proceed with installation until unsatisfactory conditions have been corrected. 
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3.02 SUMMARY 
A. In the specifications below, "horizontal" distribution refers to the cabling which links the individual data 

jacks with the nearest wire closet. 
3.03 CABLES FOR HORIZONTAL DISTRIBUTIONS 

A. Each data jack location will be served with (2) Category-6, 4 pair 24 AWG solid BC, UTP cables. 
B. All runs from jack to termination panels in the wire closets shall be of length 90 meters or less. This is an 

absolute requirement.  If this length constraint cannot be met, additional wire closets must be 
provided.Pull cables without exceeding cable manufacturer's recommended pulling tensions. Data UTP 
cabling shall conform to the following electromagnetic transmission characteristics: 
1. Mutual Capacitance, nominal 4.4 nF/100m; 
2. DC resistance, 9.4 Ohms/100m; 
3. Nominal velocity of propagation, .70c; 
4. At 100MHz: attenuation 22dB/100m maximum 

a  At 200MHz: attenuation 33dB/100m maximum  
b. At 100MHz: worst pair NEXT 38dB minimum  
c.  Maximum Skew: 25ns at 100 meters 

5. Input impedance shall be swept out to 350MHz and meet: 
a. 1MHz to 100MHz is 100 ohms +/- 15 
b. 100MHz to 200MHz is 100 ohms +/- 22 

C. All runs from jack to termination panels in the wire closets shall be of length 90 meters or less. This is an 
absolute requirement.  If this length constraint cannot be met, additional wire closets must be 
provided.Pull cables without exceeding cable manufacturer's recommended pulling tensions. Data UTP 
cabling shall conform to the following electromagnetic transmission characteristics: 
1. Mutual Capacitance, nominal 4.4 nF/100m; 
2. DC resistance, 9.4 Ohms/100m; 
3. Nominal velocity of propagation, .70c; 
4. At 100MHz: attenuation 22dB/100m maximum 

a. At 200MHz: attenuation 33dB/100m maximum  
b. At 100MHz: worst pair NEXT 38dB minimum  
c. Maximum Skew: 25ns at 100 meters 

5. Input impedance shall be swept out to 350MHz and meet: 
a. 1MHz to 100MHz is 100 ohms +/- 15 
b. 100MHz to 200MHz is 100 ohms +/- 22 

D. In addition,  Data UTP cabling shall conform to all requirements of the following standards Where 
transmission requirements in these standards differ from those specified above, cable shall conform to 
the more stringent requirement: 
1. ANSI/TIA/EIA 568-A “Commercial Building Telecommunications Cabling Standard” 
2. ANSI/TIA/EIA-569 “Commercial Building Standard for Telecommunications Pathways and 

Spaces” 
 3. ANSI/TIA/EIA-607 “Commercial Building Grounding/Bonding Requirements” 

4. TIA/EIA-568-A-1 “Propagation and Delay Skew Specification for 100 ohm 4-pair 
Cabling” 
5. ISO/IEC 11801 
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E. Cable is not required to be plenum-grade flame rating, except where this may be required to conform to 
fire codes (discretion of builder). If plenum cable is required in any locations, cable must not deviate 
from above performance specifications 

F. Data cable outer jacket Color: Blue. 
G. Handling and installation of UTP cabling must be done with care, to preserve its performance 

characteristics. In particular: 
1. Minimum allowed bend radius is 6 inches 
2. Pulling tension must not exceed manufacturer's recommendations; 
3. Any cable-ties, etc., must not compress the cable sufficiently to visibly deform the outer jacket, 

or alter the cable's cross-section shape. (Electrical characteristics depend on the geometry of 
internal cable components.) 

3.04 TERMINATIONS FOR HORIZONTAL DISTRIBUTION 
A. At each voice/data jack location, each cable shall terminate in an RJ45 standard jack.  (Thus each data 

location will have two RJ45 jacks.) 
B. Termination of cable pairs shall conform to TIA/EIA 568-A specifications 
C. All termination components shall be certified conformant to Category 6 electrical characteristics, and 

meet  the electrical and mechanical performance requirements of: 
1. ANSI/TIA/EIA-568A 
2. ISO/IEC 11801 
3. IEC 603-7 
4. FCC Part 68 Subpart F 

D. Cables shall terminate on a patch panel. 
E. There shall be no more than 48 jacks on each patch panel. 
F. Final selection of patch panels and jacks (brands and types) is subject to approval by the Owner. 

3.05 LABELING AND IDENTIFICATION OF CABLES 
A. Jacks within each patch panel are numbered 1 through 48 on each panel. 

3.06 FIELD QUALITY CONTROL 
A. Testing Agency:  Owner will engage a qualified independent testing agency to perform field quality-

control testing. 
B. Testing Agency:  Engage a qualified independent testing agency to perform field quality-control testing. 
C. Copper Cable Testing Procedures:  Inspect for physical damage and test cable for continuity and shorts. 

Use time-domain reflectometer with strip-chart recording capability and anomaly resolution to within 
12 inches in runs up to 1000 feet in length.  Test cable segments for faulty connectors, splices, 
terminations, and the integrity of the cable and its component parts. 

D. Optical Fiber Cable Testing Procedures:  Perform each visual and mechanical inspection and field test, 
including optional procedures, stated in NETA ATS, Section 7.25.  Certify compliance with test 
parameters and manufacturer's written instructions. 

E. Replace malfunctioning cables at Project site, where possible, and retest to demonstrate compliance. 
 

 
END OF SECTION 
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SECTION 28 31 00 
FIRE DETECTION AND ALARM 

 
PART 1 GENERAL 
1.01 SECTION INCLUDES 

A. Fire alarm system design and installation, including all components, wiring, and conduit.  
B. Replacement and removal of existing fire alarm system components, wiring, and conduit indicated. 
C. Maintenance of fire alarm system under contract for specified warranty period. 

1.02 RELATED REQUIREMENTS 
A. Section 211300 - Fire-Suppression Sprinkler Systems:  Supervisory, alarm, and actuating devices installed 

in sprinkler system. 
B. Refer to drawings for additional information regarding fire alarm system installations at Middlebury 

College, including carbon monoxide monitoring. 
1.03 REFERENCE STANDARDS 

A. IEEE C62.41.2 - Recommended Practice on Characterization of Surges in Low-Voltage (1000 V and Less) 
AC Power Circuits; 2002 (R2008). 

B. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction, 
Including All Applicable Amendments and Supplements.  

C. NFPA 72 - National Fire Alarm Code and Signaling Code; 2010. 
D. NFPA 101 - Code for Safety to Life from Fire in Buildings and Structures; 2009. 

1.04 SUBMITTALS 
A. See Section 013000 - Administrative Requirements, for submittal procedures. B. Proposal Documents:  

Submit the following with cost/time proposal: 
1. NFPA 72 "Record of Completion", filled out to the extent known at the time. 
2. Manufacturer's detailed data sheet for each control unit, initiating device, and notification 

appliance. 
3. Certification by Contractor that the system design will comply with the contract documents. 
4. Proposed maintenance contract. 

C. Drawings must be prepared using AutoCAD Release 2004. 
1. Owner will provide floor plan drawings for Contractor's use; verify all dimensions on 
Owner-provided drawings. 

D. Evidence of designer qualifications. 
E. Design Documents:  Submit all information required for plan review and permitting by authorities having 

jurisdiction, including but not limited to floor plans, riser diagrams, and description of operation: 
1. Copy (if any) of list of data required by authority having jurisdiction. 
2. NFPA 72 "Record of Completion", filled out to the extent known at the time. 
3. Clear and concise description of operation, with input/output matrix similar to that shown in 

NFPA 72 Appendix A-7-5-2.2(9), and complete listing of software required. 
4. System zone boundaries and interfaces to fire safety systems. 
5. Location of all components, circuits, and raceways; mark components with identifiers used in 

control unit programming. 
6. Circuit layouts; number, size, and type of raceways and conductors; conduit fill calculations; 

spare capacity calculations; notification appliance circuit voltage drop calculations. 
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7. List of all devices on each signaling line circuit, with spare capacity indicated. 
8. Manufacturer's detailed data sheet for each component, including wiring diagrams, installation 

instructions, and circuit length limitations. 
9. Description of power supplies; if secondary power is by battery include calculations 

demonstrating adequate battery power. 
10.   Certification by Contractor that the system design complies with the contract documents.  

F. Evidence of installer qualifications. 
G. Evidence of instructor qualifications; training lesson plan outline. 
H. Evidence of maintenance contractor qualifications, if different from installer. I. Inspection and Test 

Reports: 
1. Submit inspection and test plan prior to closeout demonstration. 
2. Submit documentation of satisfactory inspections and tests. 
3. Submit NFPA 72 "Inspection and Test Form," filled out. 

J. Operating and Maintenance Data: demonstration:; have one set available during closeout 
1. Original copy of NFPA 72 with portions that are not relevant to this project neatly crossed out by 

hand; label with project name and date. 
2. Complete set of specified design documents, as approved by authority having jurisdiction. 
3. Additional printed set of project record documents and closeout documents, bound or filed in 

same manuals. 
4. Contact information for firm that will be providing contract maintenance and trouble call-back 

service. 
5. List of recommended spare parts, tools, and instruments for testing. 
6. Replacement parts list with current prices, and source of supply. 
7. Detailed troubleshooting guide and large scale input/output matrix. 
8. Preventive maintenance, inspection, and testing schedule complying with NFPA 72; provide 

printed copy and computer format acceptable to Owner. 
9. Detailed but easy to read explanation of procedures to be taken by non-technical administrative 

personnel in the event of system trouble, when routine testing is being conducted, for fire drills, 
and when entering into contracts for remodeling. 

K. Project Record Documents:     : 
1. Complete set of floor plans showing actual installed locations of components, conduit, and 

zones. 
2. "As installed" wiring and schematic diagrams, with final terminal identifications. 
3. "As programmed" operating sequences, including control events by device, updated 

input/output chart, and voice messages by event. 
L. Closeout Documents: 

1. Certification by manufacturer that the system has been installed in compliance with his 
installation requirements, is complete, and is in satisfactory operating condition. 

2. NFPA 72 "Record of Completion", filled out completely and signed by installer and authorized 
representative of authority having jurisdiction. 

3. Certificate of Occupancy. 
4. Maintenance contract. 

1.05 QUALITY ASSURANCE 



      
 
 
 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 493 
FIRE DETECTION AND ALARM                       28 31 00 
 

A. 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. 

B. Installer Qualifications:  Firm with minimum 3 years documented experience installing fire alarm 
systems of the specified type and providing contract maintenance service as a regular part of their 
business. 
1. Authorized representative of control unit manufacturer; submit manufacturer's certification 

that installer is authorized; include name and title of manufacturer's representative making 
certification 

2. Installer Personnel:  At least 2 years of experience installing fire alarm systems. 
3. Supervisor:  NICET level III or IV (3 or 4) certified fire alarm technician; furnish name and 

address. 
4. Contract maintenance office located within 50 miles of project site. 
5. Certified in the State in which the Project is located as fire alarm installer. 

C. Maintenance Contractor Qualifications:  Same entity as installer or different entity with specified 
qualifications. 

D. Instructor Qualifications:  Experienced in technical instruction, understanding fire alarm theory, and able 
to provide the required training; trained by fire alarm control unit manufacturer. 

1.06 WARRANTY 
A. Provide installer's warranty that the installation is free from defects and will remain so for 1 year after 

date of Substantial Completion. 
 
PART 2 PRODUCTS 
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2.01 MANUFACTURERS 
A. Fire Alarm Control Units:  BRK Electronics.  
B. Initiating Devices, and Notification Appliances: 

1. Provide all initiating devices and notification appliances made by the same manufacturer. 
C. Substitutions:  See Section 016000 - Product Requirements. 

1. For substitution of products by manufacturers not listed, submit product data showing features 
and certification by Contractor that the design will comply with contract documents. 

2.02 FIRE ALARM SYSTEM 
A. Fire Alarm System:  Provide a new, adressable, automatic fire detection and alarm system: 

1. Provide all components necessary, regardless of whether shown in the contract documents or 
not. 

2. Protected Premises:  Entire building shown on drawings. 
3. Comply with the following; where requirements conflict, order of precedence of requirements is 

as listed: 
a. The Americans With Disabilities Act (ADA). 
b. The requirements of NFPA and the Vermont Fire Code. 
c. The requirements of the local authority having jurisdiction .  
d. Applicable local codes. 
e. The contract documents (drawings and specifications). 
f. NFPA 72; where the word "should" is used consider that provision mandatory; where 

conflicts between requirements require deviation from NFPA 72, identify deviations 
clearly on design documents. 

4. Residential Units: 
a. For smoke detector/carbon monoxide operation within the room or suite, initiate 

sounder base of smoke detector, any strobes, and send signal to main FACP. 
B. Supervising Stations and Fire Department Connections: 

1. Public Fire Department Notification:  Verify requirements with local authorities having 
jurisdiction.. 

C. Circuits: 
1. Initiating Device Circuits (IDC): Class A, Style D. 
2. Signaling Line Circuits (SLC) Within Single Building:  Class A, Style 5. 
3. Notification Appliance Circuits (NAC):  Class A, Style Z.  

D. Spare Capacity: 
1. Initiating Device Circuits:  Minimum 25 percent spare capacity. 
2. Notification Appliance Circuits:  Minimum 25 percent spare capacity. 
3. Master Control Unit:  Capable of handling all circuits utilized to capacity without requiring 

additional components other than plug-in control modules. 
E. Power Sources: 

1. Primary:  Dedicated branch circuits of the facility power distribution system. 
2. Secondary:  Storage batteries. 
3. Capacity:  Sufficient to operate entire system for period specified by NFPA 72. 
4. Each Computer System:  Provide uninterruptible power supply (UPS). 

2.03 FIRE SAFETY SYSTEMS INTERFACES 
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A. Supervision:  Provide supervisory signals in accordance with NFPA 72 for the following: 

1. Sprinkler water control valves. 
2. Dry-pipe sprinkler system pressure. 
3. Dry-pipe sprinkler valve room low temperature. 

B. Alarm:  Provide alarm initiation in accordance with NFPA 72 for the following: 
1. Sprinkler water flow. 

2.04  COMPONENTS  
A. General: 

1. Provide flush mounted units where installed in finish areas; in unfinished areas, surface 
mounted unit are acceptable. 

2. Provide legible, permanent labels for each control device, using identification used in operation 
and maintenance data. 

B. Fire Alarm Control Units, Initiating Devices, and Notification Appliances:  Analog, addressable type; listed 
by Underwriters Laboratories as suitable for the purpose intended. 

C. Master Control Unit:  As specified for Basis of Design above, or equivalent. 
D. Initiating Devices: 

1. Smoke Detectors:    3 . 
a. Provide 1 extra. 

2. Addressable Interface Devices:    0 .  
E. Notification Appliances: 

1. Horns:    0 . 
a. Provide 1 extra. 

2. Strobes:   0 . 
a. Provide 1 extra. 

F. Circuit Conductors:  Copper or optical fiber; provide 200 feet extra; color code and label. 
G. Surge Protection:  In accordance with IEEE C62.41.2 category B combination waveform and NFPA 70; 

except for optical fiber conductors.  
H. Locks and Keys:  Deliver keys to Owner. 

1. Provide the same standard lock and key for each key operated switch and lockable panel and 
cabinet; provide 5 keys of each type 

I. Instruction Charts:  Printed instruction chart for operators, showing steps to be taken when a signal is 
received (normal, alarm, supervisory, and trouble); easily readable from normal operator's station. 
1. Frame:  Stainless steel or aluminum with polycarbonate or glass cover. 
2. Provide one for each control unit where operations are to be performed. 
3. Obtain approval of Owner prior to mounting; mount in location acceptable to Owner. 
4. Provide extra copy with operation and maintenance data submittal. 

J. Storage Cabinet for Spare Parts and Tools:  Steel with baked enamel finish, size appropriate to quantity of 
parts and tools. 
1. Padlock eye and hasp for lock furnished by Owner. 
2. Locate as directed by Owner. 

 
PART 3 EXECUTION 
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3.01 INSTALLATION 

A. Install in accordance with applicable codes, NFPA 72, NFPA 70, and the contract documents.  
B. Conceal all wiring, conduit, boxes, and supports where installed in finished areas. 
C. Obtain Owner's approval of locations of devices, before installation. D. Install instruction cards and 

labels. 
3.02 INSPECTION AND TESTING FOR COMPLETION 

A. Notify Owner 7 days prior to beginning completion inspections and tests. 
B. Notify authorities having jurisdiction and comply with their requirements for scheduling inspections and 

tests and for observation by their personnel. 
C. Provide the services of the installer's supervisor or person with equivalent qualifications to supervise 

inspection and testing, correction, and adjustments. 
D. Prepare for testing by ensuring that all work is complete and correct; perform preliminary tests as 

required. 
E. Provide all tools, software, and supplies required to accomplish inspection and testing. F. Perform 

inspection and testing in accordance with NFPA 72 and requirements of local authorities; document each 
inspection and test. 

G. Correct defective work, adjust for proper operation, and retest until entire system complies with contract 
documents. 

H. Diagnostic Period:  After successful completion of inspections and tests, Operate system in normal mode 
for at least 14 days without any system or equipment malfunctions. 
1. Record all system operations and malfunctions. 
2. If a malfunction occurs, start diagnostic period over after correction of malfunction. 
3. Owner will provide attendant operator personnel during diagnostic period; schedule training to 
allow Owner personnel to perform normal duties. 
4. At end of successful diagnostic period, fill out and submit NFPA 72 "Inspection and 

Testing Form." 
3.03 Owner PERSONNEL INSTRUCTION 

A. Provide the following instruction to designated Owner personnel: 
1. Hands-On Instruction:  On-site, using operational system. 
2. Classroom Instruction:  Owner furnished classroom, on-site or at other local facility. 

B. Administrative:  One-hour session(s) covering issues necessary for non-technical administrative staff; 
classroom: 
1. Initial Training:  1 session pre-closeout. 

C. Basic Operation:  One-hour sessions for attendant personnel, security officers, and engineering staff; 
combination of classroom and hands-on: 
1. Initial Training:  1 session pre-closeout. 

D. Furnish the services of instructors and teaching aids; have copies of operation and maintenance data 
available during instruction. 

3.04 CLOSEOUT 
A. Closeout Demonstration:  Demonstrate proper operation of all functions to Owner. 

1. Be prepared to conduct any of the required tests. 
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2. Have at least one copy of operation and maintenance data, preliminary copy of project record 
drawings, input/output matrix, and operator instruction chart(s) available during 
demonstration. 

3. Have authorized technical representative of control unit manufacturer present during 
demonstration. 

4. Demonstration may be combined with inspection and testing required by authority having 
jurisdiction; notify authority having jurisdiction in time to schedule demonstration. 

5. Repeat demonstration until successful. 
B. Occupancy of the project will not occur prior to Substantial Completion. 
C. Substantial Completion of the project cannot be achieved until inspection and testing is successful and: 

1. Specified diagnostic period without malfunction has been completed. 
2. Approved operating and maintenance data has been delivered. 
3. All aspects of operation have been demonstrated to Owner. 
4. Final acceptance of the fire alarm system has been given by authorities having jurisdiction. 
5. Occupancy permit has been granted. 
6. Specified pre-closeout instruction is complete. 

3.05 MAINTENANCE 
A. See Section 017000 - Execution Requirements, for additional requirements relating to maintenance 

service. 
B. Provide to Owner, at no extra cost, a written maintenance contract for entire manufacturer's warranty 

period, to include the work described below. 
C. Perform routine inspection, testing, and preventive maintenance required by NFPA 72, including: 

1. Maintenance of fire safety interface and supervisory devices connected to fire alarm system. 
2. Repairs required, unless due to improper use, accidents, or negligence beyond the control of the 

maintenance contractor. 
3. Record keeping required by NFPA 72 and authorities having jurisdiction.  

D. Provide trouble call-back service upon notification by Owner: 
1. Provide on-site response within 2 hours of notification. 
2. Include allowance for call-back service during normal working hours at no extra cost to Owner. 
3. Owner will pay for call-back service outside of normal working hours on an hourly basis, based 

on actual time spent at site and not including travel time; include hourly rate and definition of 
normal working hours in maintenance contract. 

E. Provide a complete description of preventive maintenance, systematic examination, adjustment, 
cleaning, inspection, and testing, with a detailed schedule. 

F. Maintain a log at each fire alarm control unit, listing the date and time of each inspection and call-back 
visit, the condition of the system, nature of the trouble, correction performed, and parts replaced.  
Submit duplicate of each log entry to Owner's representative upon completion of site visit. 

G. Comply with Owner's requirements for access to facility and security. 
 
 

END OF SECTION
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 SECTION 32 92 00 
EXTERIOR PLANTS  

 
Part 1 - GENERAL 
1.01 SECTION REQUIREMENTS 

A. Provide quality, size, genus, species, and variety of plants indicated, complying with applicable 
requirements in ANSI Z60.1, as listed in the table on sheet L-101.  

B. Planting Restrictions: All vegetation is potted or in standing planters 
C. Maintain trees and shrubs during competition, per plant loan requirements determined by Tree of Life 

Nursery, San Juan Capistrano, CA. 
D. Maintain flower, vegetable, and herb plants up to and during competition, but not less than growing 

period necessary for healthy, mature plant. 
 
Part 2 - PRODUCTS 
2.01 PLANTING MATERIALS 

A. Shrub Material:  Nursery grown, with healthy root systems, well shaped, fully branched, healthy, and 
free of insects, eggs, larvae, defects, and disfigurement. 

B. Plants:  Established and well rooted in pots or similar containers. 
2.02 SOIL AND AMENDMENTS 

A. Topsoil:  ASTM D 5268, with pH range of 5.5 to 7, free of stones 1 inch (25 mm) or larger and other 
extraneous materials harmful to plant growth. 

B. Compost:  Well-composted, stable, and weed-free organic matter; pH range of 5.5 to 8. 
C. Wood Derivatives:  Decomposed, nitrogen-treated sawdust, ground bark, or wood waste; of uniform 

texture, free of chips, stones, sticks, soil, or toxic materials. 
D. Organic Mulch:  shredded hardwood, ground or shredded bark, or pine straw.  

2.03 PLANTING SOIL MIX 
A. To be used in growing pots for plants. Mix topsoil with the following soil amendments in the following 

quantities: 
B. Ratio of Loose Compost to Topsoil by Volume:  1:4. 
C. Ratio of Loose Wood Derivatives to Topsoil by Volume:  1:4. 

 
PART 3 - EXECUTION 
3.01 INSTALLATION 

A. Planting Bed Establishment (within deck planters): Loosen subgrade to a depth of 4 inches (100 mm) to 
14 inches (355 mm), depending on need of plant. Remove stones sticks, roots, and rubbish.  Spread 
planting soil mixture to a depth of 4 inches (100 mm) to 14 inches (355 mm), but not less than required 
to meet finish grades. Work first layer into top of loosened subgrade. Top with mulch. 

B. Shrubs (All potted):  Set trees and shrubs along edges of deck structure, in specific locations to be 
determined.  All vegetation will remain in pots/planters at all times. Place according to height and type. 
Make sure shrubs are on level ground, using wooden props if necessary. Maintain less than 1500 pounds 
per square foot pressure on ground below.  Manage water and drain holes. 

C. Set plants into liners according to spacing determined on site. Water after planting.  Do not cover plant 
crowns with wet soil. 
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D. Mulching:  Place newspaper, hay and/or mulch around potted shrubs and plants in their designated 
spots, and finish level with adjacent finish grades.  Do not place mulch against trunks or stems. 

3.02 MAINTENANCE  
A. Tree and Shrub Maintenance:  Maintain plantings by pruning, cultivating, watering, weeding, restoring 

planting saucers, adjusting and repairing, and resetting to proper grades or vertical position, as required 
to establish healthy, viable plantings.   

B. Ground Cover and Plant Maintenance:  Maintain and establish plantings by watering, weeding, 
mulching, and other operations as required to establish healthy, viable plantings. 

C. General Irrigation: Vegetation will be irrigated by hand using a watering can filled at the sink.  Irrigation 
requirements will depend on the demand of the plants, and will avoid over-watering to avoid the 
necessity of draining excess water.   

 
 

END OF SECTION
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SECTION 41 22 00 
CRANE 

 

PART 1 GENERAL 

1.01 SECTION INCLUDES 

A. Crane and forklift specifications for assembly and disassembly for heavy lifting.  

1.02 RELATED REQUIREMENTS 

A. Refer to construction drawings and health and safety plan for additional information regarding crane 

location and lifting diagrams.  

B. See structural calculations that reference the lifting points of panels 

1.03 REFERENCE STANDARDS 

A. ANSI B30.11 – Rated Load Test 

 

PART 2 PRODUCTS  

2.01   Crane: Grove TMS 9000E 

A. 110 USt (90 t) capacity 

B. 36-142 ft (11.2 - 43.3 m) 5 section full power boom 

C. Patented TWIN-LOCK boom pinning system 

D. 33 - 56 ft (10 - 17 m) bifold lattice swingaway extension  

E. Optional 33 - 56 ft (10 - 17 m) hydraulically offsettable bifold swingaway 

F. Optional lattice insert extensions for a 237 ft (72.2 m) maximum tip height 

G. Tiltable superstructure cab 

H. Up to 48,500 lb (21 300 kg) counterweight with hydraulic removal system  

I. Cummins ISM 450 07, 6-cylinder turbocharged aftercooled 450 hp (336 kW) engine 

2.02 Superstructure Details of Crane 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 503 
CRANE                          41 22 00 

 
 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 504 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 505 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 506 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 507 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 508 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 509 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 510 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 511 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 512 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 513 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 514 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 515 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 516 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 517 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 518 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 519 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 520 
CRANE                          41 22 00 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 521 
CRANE                          41 22 00 

 
 
 
2.03   Carrier Details of Crane 



 
 

 

Construction Documentation Project Manual                   Published       
U.S. D.O.E. Solar Decathlon 2013 Page  - 522 
CRANE                          41 22 00 

 
2.04  Telescope Forklift - Model: John Deere e 4045TF275 
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2.5 Forklift Images 

 

 
 
PART 3 - EXECUTION  
3.01 Installation 
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A.  Ensure and assess safety of construction workers on site before beginning operation. 
 

END OF SECTION  
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SECTION 48 10 00 
ELECTRICAL POWER GENERATION EQUIPMENT 

PART 1 - GENERAL 

1.01 SECTION INCLUDES 

A.  Generator Specifications 

 

PART 2 - PRODUCTS 

2.01 Generator/Light Tower  Model: GNRK10/ GNRL 6000 

A.  4kW Light Tower Diesel  Generator 

B. Rated Voltage: 220V (1phase) 

C. Noise Level at 7m: 70dB(A) 

D. Parameters  

 
 

PART 3 - EXECUTION 

3.01 Operation 

 A. Operate generator according to instruction manual and rental agreement. 

 

END OF SECTION 
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