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BASIC MECHANICAL MATERIALS AND METHODS 

SECTION 15050 - BASIC MECHANICAL MATERIALS AND METHODS 

PART 1 - GENERAL 

I .I RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

I .2 SUMMARY 

A. This Section includes the following basic mechanical materials and methods to 
complement other Division 15 Sections. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
I O .  
11. 

Piping materials and installation instructions common to most piping systems. 
Escutcheons. 
Dielectric fittings. 
Equipment nameplate data requirements. 
Nonshrink grout for equipment installations. 
Field-fabricated metal equipment supports. 
Installation requirements common to equipment specification sections. 
Mechanical demolition. 
Cutting and patching. 
Concrete bases. 
Touchup painting and finishing. 

B. Pipe and pipe fitting materials are specified in Division 15 piping system Sections. 

1.3 DEFINITIONS 

A. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, 
furred spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces 
above ceilings, unexcavated spaces, 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: 
ambient temperatures and weather conditions. Examples include rooftop locations. 

Exposed to view outdoors, or subject to outdoor 

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. 
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SECTION 15050 
BASIC MECHANICAL MATERIALS AND METHODS 

F. 

G. 

1.4 

A. 

B. 

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. 

The following are industry abbreviations for rubber materials: 

1. 
2. 

CR: Chlorosulfonated polyethylene synthetic rubber. 
EPDM: Ethylene propylene diene terpolymer rubber. 

SUBMITTALS 

Product Data: For dielectric fittings and identification systems as outlined below. 

Mechanical Identification: Provide product data for all identification materials and 
devices. Provide application table indicating identification systems for all items 
requiring identification. Include materials, sizes, lettering, colors, and specific 
nomenclature for each device. 

1. Valve Schedules: For each piping system. Reproduce on standard-size bond 
paper. Tabulate valve number, piping system, system abbreviation as shown on 
tag, room or space location of valve, and variations for identification. Mark 

-- valves - intended -for- emergency--shutoff-and-similar-special-uses7 Besides 
mounted copies, furnish copies for maintenance manuals specified in Division 1 

C. 

D. 

1.5 

A. 

B. 

Shop Drawings: Detail fabrication and installation for metal and wood supports and 
anchorage for mechanical materials and equipment. 

Coordination Drawings: For access panel and door locations. 

QUALITY ASSURANCE 

Comply with ASME A13.1 for lettering size, length of color field, colors, and viewing 
angles of identification devices. 

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. 
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SECTION 15050 
BASIC MECHANICAL MATERIALS AND METHODS 

1.6 

A. 

B. 

C. 

D. 

I .7 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

DELIVERY, STORAGE, AND HANDLING 

Deliver pipes and tubes with factory-applied end caps.  Maintain end c a p s  through 
shipping, storage, and handling to prevent pipe end damage and prevent entrance of 
dirt, debris, and moisture. 

Protect stored pipes and tubes from moisture and dirt. Elevate above grade. Do not 
exceed structural capacity of floor, if stored inside. 

Protect flanges, fittings, and piping specialties from moisture and dirt. 

Store plastic pipes protected from direct sunlight. Support to prevent sagging and 
bending . 

SEQUENCING AND SCHEDULING 

Coordinate mechanical equipment installation with other building components. 

Arrange for pipe spaces ,  chases ,  slots, and openings in building structure during 
progress of construction to allow for mechanical installations. 

Coordinate installation of required supporting devices and se t  sleeves in poured-in- 
place concrete and other structural components, as they are constructed. 

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. 

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. 

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." 

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. 

PART 2 - PRODUCTS 

2. I MANUFACTURERS 
\ 

A. Available Manufacturers: Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but a r e  not limited to, 
the following: 
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A. 

B. 

2.3 

A. 

B. 

1. Dielectric Unions and Flanges: 

SECTION 15050 
BASIC MECHANICAL MATERIALS AND METHODS 

a. Capitol Manufacturing Co. 
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. 
b. Perfection Corp. 
c. Victaulic Co. of America. 

Grinnell Corp.; Grinnell Supply Sales Co. 

_. _ _  PIPE-AND-PIPE FITTINGS - . -~ - _ _  - -  

Refer to individual Division 15 piping Sections for pipe and fitting materials and joining 
methods. 

Pipe Threads: ASME B1.20.1 for factory-threaded pipe and pipe fittings. 

JOINING MATERIALS 

Refer to individual Division 15 piping Sections for special joining materials not listed 
below. 

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 (3.2-mm) 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 (3.2 mm) thick, unless otherwise 
indicated; and full-face or ring type, unless otherwise indicated. 
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SECTION 15050 
BASIC MECHANICAL MATERIALS AND METHODS 

C. 
D. 

E. 

F. 

G. 

H. 

I .  

J. 

2.4 

A. 

B. 

C. 

D. 

Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated. 
Plastic, Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by 
piping system manufacturer, unless otherwise indicated. 

Solder Filler Metals: ASTM B 32. 

1. Alloy Sn95 or Alloy Sn94: Approximately 95 percent tin and 5 percent silver, with 
0.10 percent lead content. 

2. Alloy E: Approximately 95 percent tin and 5 percent copper, with 0.10 percent 
maximum lead content. 

3. Alloy HA: Tin-antimony-silver-copper zinc, with 0.1 0 percent maximum lead 
content. 

4. Alloy HB: Tin-antimony-silver-copper nickel, with 0.10 percent maximum lead 
content. 

5. Alloy Sb5: 95 percent tin and 5 percent antimony, with 0.20 percent maximum 
lead content. 

Brazing Filler Metals: AWS A5.8. 

1. BCuP Series: Copper-phosphorus alloys. 
2. BAg1: Silver alloy. 

Welding Filler Metals: Comply with AWS 010.12 for welding materials appropriate for 
wall thickness and chemical analysis of steel pipe being welded. 

Solvent Cements: Manufacturer's standard solvent cements for the following: 

1. 
2. 
3. 
4. 

ABS Piping: ASTM D 2235. 
CPVC Piping: ASTM F 493. 
PVC Piping: ASTM D 2564. Include primer according to ASTM. F 656. 
PVC to ABS Piping Transition: ASTM D 3138. 

Plastic Pipe Seals: ASTM F 477, elastomeric gasket. 

Flanged, Ductile-Iron Pipe Gasket, Bolts, and Nuts: AWWA C1 I O ,  rubber gasket, 
carbon-steel bolts and nuts. 

D I ELECTRIC F I TTI N G S 

General: Assembly or fitting with insulating material isolating joined dissimilar metals, 
to prevent galvanic action and stop corrosion. 

Description: Combination of copper alloy and ferrous; threaded, solder, plain, and 
weld-neck end types and matching piping system materials. 

Insulating Material: Suitable for system fluid, pressure, and temperature. 

Dielectric Unions: Factory-fabricated, union assembly, for 250-psig (1 725-kPa) 
minimum working pressure at 180 deg F (82 deg C). 
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SECTION 15050 
BASIC MECHANICAL MATERIALS AND METHODS 

E. 

F. 

G. 

H. 

2.5 

A. 

Dielectric Flanges: Factory-fabricated, companion-flange assembly, for 150- or 300- 
psig (1035- or 2070-kPa) minimum working pressure as required to suit system 
pressures. 

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 (1035- or 2070-kPa) minimum working pressure as required to suit system 
pressures. 

Dielectric Couplings: Galvanized-steel coupling with inert and noncorrosive, 
thermoplastic lining; threaded ends; and 300-psig (2070-kPa) minimum working 
pressure at 225 deg F (107 deg C). 

Dielectric Nipples: Electroplated steel nipple with inert and noncorrosive, thermoplastic 
lining; plain, threaded, or grooved ends; and 300-psig (2070-kPa) minimum working 
pressure at 225 deg F (107 deg C). 

PIPING SPECIALTIES 

Sleeves: The following materials are for wall, floor, slab, and roof penetrations: 

1. ----Steel-Sheet-MetaI:- 0.0239-inch-(0.6-mm)-minimum- thickness,-galvanized, -round- 

2. 
tube closed with welded longitudinal joint. 
Steel Pipe: ASTM A 53, Type E, Grade A, Schedule 40, galvanized, plain ends. 

B. Escutcheons: Manufactured wall, ceiling, and floor plates; deep-pattern type if required 
to conceal protruding fittings and sleeves. 

1. 
2. 
3. 

4. 

5. 
6. 
7. 

8. 

GRW #3612 

ID: Closely fit around pipe, tube, and insulation of insulated piping. 
OD: Completely cover opening. 
Cast Brass: One piece, with set screw. 

a. Finish: Rough brass. 
b. Finish: Polished chrome-plate. 

Cast Brass: Split casting, with concealed hinge and set screw. 

a. Finish: Rough brass. 
b. Finish: Polished chrome-plate. 

Stamped Steel: One piece, with set screw and chrome-plated finish. 
Stamped Steel: One piece, with spring clips and chrome-plated finish. 
Stamped Steel: Split plate, with concealed hinge, set screw, and chrome-plated 
finish. 
Stamped Steel: Split plate, with concealed hinge, spring clips, and chrome- 
plated finish. 
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SECTION 15050 
BASIC MECHANICAL MATERIALS AND METHODS 

9. 

I O .  

11. 

Stamped Steel: Split plate, with exposed-rivet hinge, set screw, and chrome- 
plated finish. 
Stamped Steel: Split plate, with exposed-rivet hinge, spring clips, and chrome- 
plated finish. 
Cast-Iron Floor Plate: One-piece casting. 

2.6 IDENTIFYING DEVICES AND LABELS 

A. General: Manufacturer's standard products of categories and types required for each 
application as referenced in other Division 15 Sections. If more than one type is 
specified for application, selection is Installer's option, but provide one selection for 
each product category. 

B. Equipment Nameplates: Metal nameplate with operational data engraved or stamped; 
permanently fastened to equipment. 

I. Data: Manufacturer, product name, model number, serial number, capacity, 
operating and power characteristics, labels of tested compliances, and similar 
essential data. 

2. Location: Accessible and visible location. 

C. Pressure-Sensitive Pipe Markers: Manufacturer's standard preprinted, permanent 
adhesive, color-coded, pressure-sensitive vinyl, complying with ASME AI  3.1. 

D. Plastic Duct Markers: Manufacturer's standard color-coded, laminated plastic. Comply 
with the following color code: 

1. Green: Cold air. 
2. Yellow: Hot air. 
3. 
4. Blue: Exhaust, outside, return, and mixed air. 
5. 
6. Nomenclature: Include the following: 

Yellow/Green or Green: Supply air. 

For hazardous exhausts, use colors and designs recommended by ASME A I  3.1. 

a. Direction of airflow. 
b. Duct service. 
c. Duct origin. 
d. Duct destination. 

E. Engraved Plastic-Laminate 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. 

1. 
2. 

3. Punch for mechanical fastening. 
4. 

Fabricate in sizes required for message. 
Engraved with engraver's standard letter style, of sizes and with wording to 
match equipment identification. 

Thickness: 1/16 inch (1.6 mm), for units up to 20 sq. in. (130 sq. cm) or 8 inches 
(200 mm) long; 1/8 inch (3.2 mm) for larger units. 

GRW #3612 15050 - 7 
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BASIC MECHANICAL MATERIALS AND METHODS 

5. Fasteners: Self-tapping stainless-steel screws or contact-type permanent 
adhesive. 

F. Plastic Equipment Markers: Color-coded, laminated plastic. Comply with the following 
color code: 

1. 
2. 
3. 
4. 
5. 
6. For hazardous equipment, use colors and designs recommended by 

7. Nomenclature: Include the following, matching terminology on schedules as 

Green: Cooling equipment and components. 
Yellow: Heating equipment and components. 
Yellow/Green: Combination cooling and heating equipment and components. 
Brown: Energy reclamation equipment and components. 
Blue: Equipment and components that do not meet any criteria above. 

ASMEA13.1. 

closely as possible: 

a. Name and plan number. 
b. Equipment service. 
c. Design capacity. 
d. Other design parameters such as pressure drop, entering and leaving 

conditions, and rpm. 

8. Size: 
dampers, and valves; and 4-1/2 by 6 inches (I 15 by 150 mm) for equipment. 

Approximate 2-1/2 by 4 inches (65 by 100 mm) for control devices, 

_ _  - --G.- -Lettering-and-Graphics:-Coordinate-names,-abbreviations,-and-other-designations 
used in mechanical identification, with corresponding designations indicated. Use 
numbers, lettering, and wording indicated for proper identification and 
operation/maintenance of mechanical systems and equipment. 

H. Access Panel Markers: 1/16-inch-thick (2mm), engraved plastic-laminate markers, 
with abbreviated terms and numbers corresponding to concealed valve or equipment. 
Provide 1/8-inch (3-mm) center hole for attachment. 

I. Valve Tags: Stamped or engraved with 1/4-inch (6-mm) letters for piping system 
abbreviation and 1/2-inch (1 3-mm) sequenced numbers. Include 5/32-inch (4-mm) 
hole for fastener. 

1 . 
2. 
3. 

Material: Valve manufacturer's standard solid plastic. 
Size: 1-1/2-inches (40-mm) diameter, unless otherwise indicated. 
Shape: As indicated for each piping system. 

J. Valve Tag Fasteners: Brass, wire-link or beaded chain; or brass S-hooks. 

K. Access Panel Markers: I /I 6-inch- (2-mm-) thick, engraved plastic-laminate markers, 
with abbreviated terms and numbers corresponding to concealed valve. Provide 1 /8- 
inch (3-mm) center hole for attachment. 

L. Valve Schedule Frames: Glazed display frame for removable mounting on masonry 
walls for each page of valve schedule. Include screws. 
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1. Frame: Extruded aluminum. 
2. Glazing: ASTM C 1036, Type I ,  Class 1, Glazing quality B, 2.5-mm, single- 

thickness glass. 

2.7 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. 
Design Mix: 5000-psig (34.5-MPa), 28-day compressive strength. 
Packaging: Premixed and factory packaged. 

2. 
3. 

PART 3 - EXECUTION 

3.1 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. General: Install piping as described below, unless piping Sections specify otherwise. 
Individual Division 15 piping Sections specify unique piping installation requirements. 

B. General Locations and Arrangements: 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 at indicated slope. 

D: Install components with pressure rating equal to or greater than system operating 
pressure. 

E. Install piping in concealed interior and exterior locations, except in equipment rooms 
and service areas. 

F. Install piping free of sags and bends. 

G. Install exposed interior and exterior piping at right angles or parallel to building walls. 
Diagonal runs are prohibited, unless otherwise indicated. 

H. Install piping tight to slabs, beams, joists, columns, walls, and other building elements. 
Allow sufficient space above removable ceiling panels to allow for ceiling panel 
removal. 

I .  Install piping to allow application of insulation plus I-inch (25-mm) clearance around 
insulation. 

J. Locate groups of pipes parallel to each other, spaced to permit valve servicing. 
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K. 

L. 

M. 

N. 

0. 

Install fittings for changes in direction and branch connections. 

Install couplings according to manufacturer's written instructions. 

Install pipe escutcheons for pipe penetrations of concrete and masonry walls, wall 
board partitions, and suspended ceilings according to the following: 

I. Chrome-Plated Piping: Cast brass, one piece, with set screw, and polished 
chrome-plated finish. Use split-casting escutcheons if required, for existing 
piping. 
Uninsulated Piping Wall Escutcheons: Cast brass or stamped steel, with set 
screw. 
Uninsulated Piping Floor Plates in Utility Areas: Cast-iron floor plates. 
Insulated Piping: Cast brass or stamped steel; with concealed hinge, spring 
clips, and chrome-plated finish. 
Piping in Utility Areas: Cast brass or stamped steel, with set-screw or spring 
clips. 

2. 

3. 
4. 

5. 

Permanent sleeves are not required for holes formed by PE removable sleeves. 

Install sleeves for pipes passing through concrete and masonry walls, 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 (50 mm) above finished floor level. 
Extend cast-iron sleeve fittings below floor slab as required to secure 
clamping ring if ring is specified. 

2. 
3. 

4. 

5. 

Build sleeves into new walls and slabs as work progresses. 
Install sleeves large enough to provide 1/4-inch (6.4-mm) annular clear space 
between sleeve and pipe or pipe insulation. Use the following sleeve materials: 

a. Steel Pipe Sleeves: For pipes smaller than 6-inch NPS (DN150). 

1) Seal space outside of sleeve fittings with nonshrink, nonmetallic 
grout. 

Except for underground wall penetrations, seal annular space between sleeve 
and pipe or pipe insulation, using elastomeric joint sealants. Refer to Division 7 
Section "Joint Sealants" for materials. 
Use Type S, Grade NS, Class 25, Use 0, neutral-curing silicone sealant, unless 
otherwise indicated. 

P. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at pipe penetrations. Seal pipe penetrations with firestopping materials. 
Refer to Division 7 Section "Firestopping" for materials. 

Q. Verify final equipment locations for roughing-in. 

- 
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R. Refer to equipment specifications in other Sections of these Specifications for 
roughing-in requirements. 

S. Piping Joint Construction: Join pipe and fittings as follows and as specifically required 
in individual piping specification Sections: 

T. 

1. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe. 
2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings 

before assembly. 
3. Soldered Joints: Construct joints according to AWS's "Soldering Manual," 

Chapter "The Soldering of Pipe and Tube"; or CDA's "Copper Tube Handbook." 
4. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," 

Chapter "Pipe and Tube." 
5. 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: 

a. Note internal length of threads in fittings or valve ends, and proximity of 
internal seat or wall, to determine how far pipe should be threaded into 
joint. 
Apply appropriate tape or thread compound to external pipe threads, 
unless dry seal threading is specified. 
Align threads at point of assembly. 
Tighten joint with wrench. Apply wrench to valve end into which pipe is 
being threaded. 
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. 

b. 

c. 
d. 

e. 

6. Welded Joints: Construct joints according to AWS D10.12, "Recommended 
Practices and Procedures for Welding Low Carbon Steel Pipe," using qualified 
processes and welding operators according to "Quality Assurance" Article. 

7. Flanged Joints: Align flange surfaces parallel. Select appropriate gasket 
material, size, type, and thickness for service application. Install gasket 
concentrically positioned. Assemble joints by sequencing bolt tightening to make 
initial contact of flanges and gaskets as flat and parallel as possible. Use 
suitable lubricants on bolt threads. Tighten bolts gradually and uniformly using 
torque wrench. 

Piping Connections: Make connections according to the following, unless otherwise 
indicated: 

1. Install unions, in piping 2-inch NPS (DN50) and smaller, adjacent to each valve 
and at final connection to each piece of equipment with 2-inch NPS (DN50) or 
smaller threaded pipe connection. 
Install flanges, in piping 2-1Q-inch NPS (DN65) and larger, adjacent to flanged 
valves and at final connection to each piece of equipment with flanged pipe 
connection. 
Wet Piping Systems: Install dielectric coupling and nipple fittings to connect 
piping materials of dissimilar metals. 

2. 

3. 
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W&V 
FIRE 

3.2 

A. 

B. 

C. 

D. 

E. 

3.3 

A. 

EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

Install equipment to provide maximum possible headroom, if mounting heights are not 
indicated. 

Install equipment according to approved submittal data. 
shown only in diagrammatic form. Refer conflicts to Architect. 

Install equipment level and plumb, parallel and perpendicular to other building systems 
and components in exposed interior spaces, unless otherwise indicated. 

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. 

Install equipment giving right of way to piping installed at required slope. 

Portions of the Work are I 
I 
I 
I 

LABELING AND IDENTIFYING I 
Piping Systems: Install pipe markers on each system. Include arrows showing normal 
direction of flow. I 
I. Plastic markers, with application systems. Install on insulation segment if 

2. All exposed mechanical piping (to include plumbing, sprinkler, and geothermal 
loop) shall be labeled, in accordance with the following schedule: 

. .  
- _ _  - - --required-for-hot,-uninsulated-piping. -- -- -___ ___ - _- - - -1 

I 

I Geothermal LOOD I GEO I 

3. Locate pipe markers as follows if piping is exposed in finished spaces, machine 
rooms, and accessible maintenance spaces, such as shafts, tunnels, plenums, 
and exterior nonconcealed locations: I 

I 
I 
I 

a. Near each valve and control device. 
b. Near each branch, excluding short takeoffs for fixtures and terminal units. 

Mark each pipe at branch, if flow pattern is not obvious. 
c. Near locations if pipes pass through walls, floors, ceilings, or enter 

nonaccessible enclosures. 
d. At access doors, manholes, and similar access points that permit view of 

concealed piping. 
e. Near major equipment items and other points of origination and 

termination. 
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B. 

C. 

D. 

E. 

3.4 

A. 

B. 

f. Spaced a t  maximum of 15-foot (5-m) intervals along piping above 
removable acoustical ceilings. 

Equipment: Install engraved plastic-laminate sign or equipment marker on or near 
each major item of mechanical equipment. 

1. Lettering Size: Minimum 114-inch- (6.4-mm-) high lettering for name of unit if 
viewing distance is less than 24 inches (610 mm), 112-inch- (12.7-mm-) high 
lettering for distances up to 72 inches (1800 mm), and proportionately larger 
lettering for greater distances. Provide secondary lettering two-thirds to three- 
fourths of size of principal lettering. 

2. Text of Signs: Provide name of identified unit. Include text to distinguish 
between multiple units, inform user of operational requirements, indicate safety 
and emergency precautions, and warn of hazards and improper operations. 

Valve Tags: 

1. 

2. 

3. 
4. 

5. 
6. 

Install on all existing and new valves and control devices within 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 valve schedule. 
Valve Tag Application Schedule: Tag valves according to size, shape,  color 
scheme,  and with captions similar to those indicated in the following: 
Tag Size and Shape: 2 inches (50 mm), round. 
Tag Color: According to the following: 

a. Cold Water: Green. 
b. Hot Water: Yellow. 
c. Fire Protection: Red. 
d. Geothermal: Blue. 

Letter Color: Black 
Install mounted valve schedule in janitor closet. 

Valves: All valves shall b e  labeled, both on the valve and on the ceiling grid or 
adjacent access door. 

Adjusting: Relocate identifying devices as necessary for unobstructed view in finished 
construction. 

PAINTING AND FINISHING 

Refer to Division 9 Section "Painting" for paint materials, surface preparation, and 
application of paint. 

Apply paint to 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. 
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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. 

C. 

D. 

3.5 

A. 

3.6 

A. 

B. 

3.7 

A. 

Do not paint piping specialties with factory-applied finish. 

Damage and Touchup: 
materials and procedures to match original factory finish. 

Repair marred and damaged factory-painted finishes with 

CONCRETE BASES 

Concrete Bases: Anchor equipment to concrete base according to equipment 
manufacturer's written instructions and according to seismic codes at Project. 

1. Construct concrete bases of dimensions indicated, but not less than 4 inches 
(1 00 mm) larger in both directions than supported unit. 

2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise 
- indicated, install _dowel rods on 18-inch (450-mm) centers arou-nd the full 

perimeterpf the base. 
3. Install epoxy-coated anchor bolts for supported equipment that extend through 

concrete base, and anchor into structural concrete floor. 
4. Place and secure anchorage devices. Use supported equipment manufacturer's 

setting drawings, templates, diagrams, instructions, and directions furnished with 
items to be embedded. 
Install anchor bolts to elevations required for proper attachment to supported 
equipment. 
Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

specified in Division 3. 

5. 

6. 
7. Use 45OO-psi, 28-day compressive-strength concrete and reinforcement as 

ERECTION OF METAL SUPPORTS AND ANCHORAGE 

Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and 
elevation to support and anchor mechanical materials and equipment. 

Field Welding: Comply with AWS D1 .I, "Structural Welding Code--Steel." 

DEMOLITION 

Disconnect, demolish, and remove Work specified in Division 15 Sections. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I -  

GRW #3612 15050 - 14 



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 15050 
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B. 

C. 

D. 

E. 

F. 

3.8 

A. 

B. 

3.9 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

If pipe, ductwork, insulation, or equipment to remain is damaged or disturbed, remove 
damaged portions and install new products of equal capacity and quality. 

Accessible Work: Remove indicated exposed pipe and ductwork in its entirety. 

Work Abandoned in Place: Cut and remove underground pipe a minimum of 2 inches 
(50 mm) beyond face of adjacent construction. Cap and patch surface to match 
existing finish. 

Removal: Remove indicated equipment from Project site. 

Temporary Disconnection: Remove, store, clean, reinstall, reconnect, and make 
operational equipment indicated for relocation. 

CUTTING AND PATCHING 

Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces 
necessary for mechanical installations. Perform cutting by skilled mechanics of trades 
involved. 

Repair cut surfaces to match adjacent surfaces. 

GROUTING 

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. 

Clean surfaces that will come into contact with grout. 

Provide forms as required for placement of grout. 

Avoid air entrapment during placing of grout. 

Place grout, completely filling equipment bases. 

Place grout on concrete bases to provide smooth bearing surface for equipment. 

Place grout around anchors. 

Cure placed grout according to manufacturer's written instructions. 

END OF SECTION 15050 
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SECTION 15060 - HANGERS AND SUPPORTS 

PART 1 - GENERAL 

1 .I 

A. 

1.2 

A. 

B. 

1.3 

A. 

B. 

1.4 

A. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes hangers and supports for mechanical system piping and 
equipment. 

Related Sections include the following: 

1. 

2. 
3. 

Division 5 Section "Metal Fabrications" for materials for attaching hangers and 
supports to building structure. 
Division 13 Sections on fire-suppression piping for fire-suppression pipe hangers. 
Division 15 Section "Mechanical Vibration Controls and Seismic Restraints" for 
vibration isolation and seismic restraint devices. 

DEFINITIONS 

MSS: Manufacturers Standardization Society for the Valve and Fittings Industry. 

Terminology: As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers 
and Supports." 

SUBMITTALS 

Product Data: For each type of pipe hanger, channel support system component, and 
thermal-hanger shield insert indicated. 

PART 2 - PRODUCTS 

2.1 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: 
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I. Pipe Hangers: 

a. 
b. B-Line Systems, Inc. 
c. 
d. Grinnell Corp. 
e. GS Metals Corp. 
f. National Pipe Hanger Corp. 
g. 

AAA Technology and Specialties Co., Inc. 

Globe Pipe Hanger Products, Inc. 

Piping Technology & Products, Inc. 

2. Thermal-Hanger Shield Inserts: 

a. Carpenter & Patterson, Inc. 
b. Michigan Hanger Co., Inc. 
c. PHS Industries, Inc. 
d. Pipe Shields, Inc. 
e. Rilco Manufacturing Co., Inc. 
f. Value Engineered Products, Inc. 

3. Powder-Actuated Fastener Systems: 

a. Gunnebo Fastening Corp. 
b. Hilti, Inc. 
c. ITW RamseVRed Head. 
d. Masterset Fastening Systems, Inc. 

2.2 MANUFACTURED UNITS 

A. Pipe Hangers, Supports, and Components: MSS SP-58, .factory-fabricated 
components. Refer to "Hanger and Support Applications" Article in Part 3 for where to 
use specific hanger and support types. 

1. Galvanized, Metallic Coatings: For piping and equipment that will not have field- 
applied finish. 

2. Nonmetallic Coatings: On attachments for electrolytic protection where 
attachments are in direct contact with copper tubing. 

B. Thermal-Hanger Shield Inserts: I 00-psi (690-kPa) minimum compressive-strength 
insulation, encased in sheet metal shield. 

I. 

2. 

3. 

4. 
5. 

GRW #3612 

Material for Cold Piping: ASTM C 552, Type I cellular glass or water-repellent- 
treated, ASTM C 533, Type I calcium silicate with vapor barrier. 
Material for Hot Piping: ASTM C 552, Type I cellular glass or water-repellent- 
treated, ASTM C 533, Type I calcium silicate. 
For Trapeze or Clamped System: Insert and shield cover entire circumference of 
pipe. 
For Clevis or Band Hanger: Insert and shield cover lower 180 degrees of pipe. 
Insert Length: Extend 2 inches (50 mm) beyond sheet metal shield for piping 
operating below ambient air temperature. 
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2.3 

A. 

B. 

C. 

D. 

MISCELLANEOUS MATERIALS 

Powder-Actuated Drive-Pin Fasteners: Powder-actuated-type, drive-pin attachments 
with pull-out and shear capacities appropriate for supported loads and building 
materials where used. 

Mechanical-Anchor Fasteners: Insert-type attachments with pull-out and shear 
capacities appropriate for supported loads and building materials where used. 

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

Grout: ASTM C 1107, Grade B, factory-mixed and -packaged, nonshrink and 
nonmetallic, dry, hydraulic-cement grout. 

1. 

2. 
3. 

Characteristics: Post hardening and volume adjusting; recommended for both 
interior and exterior applications. 
Properties: Nonstaining, noncorrosive, and nongaseous. 
Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength. 

PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT APPLICATIONS 

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

B. Comply with MSS SP-69 for pipe hanger selections and applications that are not 
specified in piping system Specification Sections. 

C.' Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as 
specified in piping system Specification Sections, install the following types: 

1. 

2. 

Adjustable Steel Clevis Hangers (MSS Type I) :  For suspension of noninsulated 
or insulated stationary pipes, NPS 1/2 to NPS 30 (DN15 to DN750). 
Yoke-Type Pipe Clamps (MSS Type 2): For suspension of 120 to 450 deg F (49 
to 232 deg C) pipes, NPS 4 to NPS 16 (DN100 to DN400), requiring up to 4 
inches (100 mm) of insulation. 
Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension 
of pipes, NPS 314 to NPS 24 (DN20 to DN600), requiring clamp flexibility and up 
to 4 inches (100 mm) of insulation. 
Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes, 
NPS 1/2 to NPS 24 (DN15 to DN600), if little or no insulation is required. 
Pipe Hangers (MSS Type 5): For suspension of pipes, NPS 1/2 to NPS 4 (DN15 
to DNIOO), to allow off-center closure for hanger installation before pipe erection. 
Adjustable Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of 
noninsulated stationary pipes, NPS 3/4 to NPS 8 (DN20 to DN200). 
Adjustable Steel Band Hangers (MSS Type 7): For suspension of noninsulated 
stationary pipes, NPS 1/2 to NPS 8 (DN15 to DN200). 

3. 

4. 

5. 

6. 

7. 
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8. 

9. 

I O .  

11. 

12. 

13. 

14. 

15. 

16. 

17. 

- 18. 

19. 

20. 

21. 

Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated 
stationary pipes, NPS 1/2 to NPS 8 (DN15 to DN200). 
Adjustable Swivel-Ring Band Hangers (MSS Type IO): For suspension of 
noninsulated stationary pipes, NPS 1/2 to NPS 2 (DN15 to DN50). 
Split Pipe-Ring with or without Turnbuckle-Adjustment Hangers (MSS Type 11): 
For suspension of noninsulated stationary pipes, NPS 3/8 to NPS 8 (DNIO to 
DN200). 
Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For 
suspension of noninsulated stationary pipes, NPS 3/8 to NPS 3 (DNIO to DN80). 
U-Bolts (MSS Type 24): For support of heavy pipe, NPS 1/2 to NPS 30 (DN15 to 
DN750). 
Clips (MSS Type 26): For support of insulated pipes not subject to expansion or 
contraction. 
Pipe Saddle Supports (MSS Type 36): For support of pipes, NPS 4 to NPS 36 
(DNI 00 to DN900), with steel pipe base stanchion support and cast-iron floor 
flange. 
Pipe Stanchion Saddles (MSS Type 37): For support of pipes, NPS 4 to NPS 36 
(DN100 to DN900), with steel pipe base stanchion support and cast-iron floor 
flange and with U-bolt to retain pipe. 
Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for 
pipes, NPS 2-1/2 to NPS 36 (DN65 to DN900), if vertical adjustment is required, 
with steel pipe base stanchion support and cast-iron floor flange. 
Single Pipe Rolls (MSS Type 41): For suspension of pipes, NPS 1 to NPS 30 
(DN25 to DN750), from two rods if longitudinal movement caused by expansion 
and contraction might occur. 
Adjustable Roller Hangers (MSS Type 43): For suspension of pipes, NPS 2-1/2 
to NPS 20 (DN65 to DN500), from single rod if horizontal movement caused by 
expansion and contraction might occur. 
Complete Pipe Rolls (MSS Type 44): For support of pipes, NPS 2 to NPS 42 
(DN50 to DN1050), if longitudinal movement caused by expansion and 
contraction might occur but vertical adjustment is not necessary. 
Pipe Roll and Plate Units (MSS Type45): For support of pipes, NPS 2 to 
NPS 24 (DN50 to DN600), if small horizontal movement caused by expansion 
and contraction might occur and vertical adjustment is not necessary. 
Adjustable Pipe Roll and Base Units (MSS Type46): For support of pipes, 
NPS 2 to NPS 30 (DN50 to DN750), if vertical and lateral adjustment during 
installation might be required in addition to expansion and contraction. 

D. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping 
system Specification Sections, install the following types: 

1. 

2. 

Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers, 
NPS 3/4 to NPS 20 (DN20 to DN500). 
Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers, 
NPS 3/4 to NPS 20 (DN20 to DN500), if longer ends are required for riser 
clamps. 

E. Hanger-Rod Attachments: 
piping system Specification Sections, install the following types: 

Unless otherwise indicated and except as specified in 
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1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches (150 mm) for 
heavy loads. 

2. Steel Clevises (MSS Type 14): For 120 to 450 deg F (49 to 232 deg C) piping 
installations. 

3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 1 1  , split pipe rings. 
4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various 

types of building attachments. 
5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F (49 to 

232 deg C) piping installations. 

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

1. 

2. 

3. 

4. 

5. 

6. 
7. 

8. 
9. 

IO. 

11. 

12. 

13. 
14. 

15. 

Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to 
suspend pipe hangers from concrete ceiling. 
Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar- 
joist construction to attach to top flange of structural shape. 
Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange 
of beams, channels, or angles. 
Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange 
of beams. 
Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if 
loads are considerable and rod sizes are large. 
C-Clamps (MSS Type 23): For structural shapes. 
Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required 
tangent to flange edge. 
Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams. 
Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of 
steel I-beams for heavy loads. 
Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of 
steel I-beams for heavy loads, with link extensions. 
Malleable Beam Clamps with Extension Pieces (MSS Type 30): For attaching to 
structural steel. 
Welded-Steel Brackets: For support of pipes from below or for suspending from 
above by using clip and rod. Use one of the following for indicated loads: 

a. Light (MSS Type 31): 750 Ib (340 kg). 
b. Medium (MSS Type 32): 1500 Ib (675 kg). 
c. Heavy (MSS Type 33): 3000 Ib (1350 kg). 

Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams. 
Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is 
required. 
Horizontal Travelers (MSS Type 58): For supporting piping systems subject to 
linear horizontal movement where head room is limited. 

G. Saddles and Shields: Unless otherwise indicated and except as specified in piping 
system Specification Sections, install the following types: 

I. Steel Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with 
insulation that matches adjoining insulation. 
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H. 

3.2 

A. 

B. 

2. 

3. 

Protection Shields (MSS Type 40): Of length recommended by manufacturer to 
prevent crushing insulation. 
Thermal-Hanger Shield Inserts: For supporting insulated pipe, 360-degree insert 
of high-density, 1 00-psi (690-kPa) minimum compressive-strength, water- 
repellent-treated calcium silicate or cellular-glass pipe insulation, same thickness 
as adjoining insulation with vapor barrier and encased in 360-degree sheet metal 
shield. 

Spring Hangers and Supports: Unless otherwise indicated and except as specified in 
piping system Specification Sections, install the following types: 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Restraint-Control Devices (MSS Type 47): Where indicated to control piping 
movement. 
Spring Cushions (MSS Type 48): For light loads if vertical movement does not 
exceed 1-114 inches (32 mm). 
Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41 roll hanger 
with springs. 
Spring Sway Braces (MSS Type 50): To retard sway, shock, vibration, or 
thermal expansion in piping systems. 
Variable-Spring Hangers (MSS Type 51): Preset to indicated load and limit 
variability factor to 25 percent to absorb expansion and contraction of piping 
system from hanger. 
Variable-Spring Base Supports (MSS Type 52): Preset to indicated load and 
limit variability factor to 25 percent to absorb expansion and contraction of piping 
system from base support. 
Variable-Spring Trapeze Hangers-(MSS Type-53):-P-reset to-indicated load and 
limit variability factor to 25 percent to absorb expansion and contraction of piping 
system from trapeze support. 
Constant Supports: For critical piping stress and if necessary to avoid transfer of 
stress from one support to another support, critical terminal, or connected 
equipment. Include auxiliary stops for erection, hydrostatic test, and load- 
adjustment capability. These supports include the following types: 

a. 
b. 
c. 

Horizontal (MSS Type 54): Mounted horizontally. 
Vertical (MSS Type 55): Mounted vertically. 
Trapeze (MSS Type 56): Two vertical-type supports and one trapeze 
member. 

HANGER AND SUPPORT INSTALLATION 

Pipe Hanger and Support Installation: Comply with MSS SP-69 and MSS SP-89. 
Install hangers, supports, clamps, and attachments as required to properly support 
piping from building structure. 

Channel Support System Installation: Arrange for grouping of parallel runs of piping 
and support together on field-assembled channel systems. 

1, Field assemble and install according to manufacturer's written instructions. 
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C. Heavy-Duty Steel Trapeze Installation: Arrange for grouping of parallel runs of 
horizontal piping and support together on field-fabricated, heavy-duty trapezes. 

1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe 
size or install intermediate supports for smaller diameter pipes as specified 
above for individual pipe hangers. 
Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being 
supported. Weld steel according to AWS D-I .I. 

2. 

D. Install building attachments within concrete slabs or attach to structural steel. Space 
attachments within maximum piping span length indicated in MSS SP-69. Install 
additional attachments at concentrated loads, including valves, flanges, guides, 
strainers, and expansion joints, and at changes in direction of piping. Install concrete 
inserts before concrete is placed; fasten inserts to forms and install reinforcing bars 
through openings at top of inserts. 

E. Install powder-actuated drive-pin fasteners in concrete after concrete is placed and 
completely cured. Use operators that are licensed by powder-actuated tool 
manufacturer. Install fasteners according to powder-actuated tool manufacturer's 
operating manual. 

F. Install mechanical-anchor fasteners in concrete after concrete is placed and completely 
cured. Install fasteners according to manufacturer's written instructions. 

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

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

H. 

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

J. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and so 
maximum pipe deflections allowed by ASME B31.9, "Building Services Piping," are not 
exceeded. 

K. Insulated Piping: Comply with the following: 

1. Attach clamps and spacers to piping. 

a. Piping Operating above Ambient Air Temperature: Clamp may project 

b. Piping Operating below Ambient Air Temperature: Use thermal-hanger 

c. 

through insulation. 

shield insert with clamp sized to match OD of insert. 
Do not exceed pipe stress limits according to ASME B31.9. 

2. Install MSS SP-58, Type 39 protection saddles, if insulation without vapor barrier 
is indicated. Fill interior voids with insulation that matches adjoining insulation. 
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SECTION 15060 
HANGERS & SUPPORTS 

._ 

3.3 

A. 

B. 

3.4 

A. 

B. 

C. 

a. Option: Thermal-hanger shield inserts may be used. Include steel weight- 
distribution plate for pipe NPS 4 (DN100) and larger if pipe is installed on 
rollers. 

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

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

4. Shield Dimensions for Pipe: Not less than the following: 

a. 

b. 
c. 

d. 

e. 

NPS 1/4 to NPS 3-1/2 (DN8 to DN90): 12 inches (305 mm) long and 0.048 
inch (1.22 mm) thick. 
NPS 4 (DNIOO): 12 inches (305 mm) long and 0.06 inch (1.52 mm) thick. 
NPS 5 and NPS 6 (DN125 and DN150): 18 inches (457 mm) long and 
0.06 inch (1.52 mm) thick. 
NPS 8 to NPS 14 (DN200 to DN350): 24 inches (610 mm) long and 0.075 
inch (1.91 mm) thick. 
NPS 16 to NPS 24 (DN400 to DN600): 24 inches (610 mm) long and 
0.105 inch (2.67 mm) thick. 

5. 
6. 
7. Thermal-Manger - Shields: Install -with-insulation- same-thickness- as piping 

Pipes NPS 8 (DN200) and Larger: Include wood inserts. 
Insert Material: Length at least as long as protective shield. 

insulation. 

EQUIPMENT SUPPORTS 

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

Grouting: 
surface . 

Place grout under supports for equipment and make smooth bearing 

METAL FABRICATION 

Cut, drill, and fit miscellaneous metal fabrications for heavy-duty steel trapezes and 
equipment supports. 

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

Field Welding: Comply with AWS D1.l procedures for shielded metal arc welding, 
appearance and quality of welds, and methods used in correcting welding work, and 
with the following: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I -  
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3.5 

A. 

3.6 

A. 

B. 

SECTION 15060 
HANGERS & SUPPORTS 

1. 

2. 
3. Remove welding flux immediately. 
4. 

Use materials and methods that minimize distortion and develop strength and 
corrosion resistance of base metals. 
Obtain fusion without undercut or overlap. 

Finish welds at exposed connections so no roughness shows after finishing and 
contours of welded surfaces match adjacent contours. 

ADJUSTING 

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

PAINTING 

Touching Up: Refer to Division 9 Section “Painting” for cleaning and touchup painting 
of field welds, bolted connections and abraded areas of shop paint on miscellaneous 
metal, but apply the following as a minimum. Clean field welds and abraded areas of 
shop paint. Paint exposed areas immediately after erecting hangers and supports. 
Use same materials as used for shop painting. Comply with SSPC-PA 1 requirements 
for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils 
(0.05 mm). 

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

END OF SECTION 15060 
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SECTION 15081 - DUCT INSULATION 

PART 1 - GENERAL 

SECTION 15081 
DUCT INSULATION 

I .I 

A. 

1.2 

A. 

B. 

I .3 

A. 

1.4 

A. 

1.5 

A. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes semirigid and flexible duct, plenum, and breeching insulation; 
insulating cements; field-applied jackets; accessories and attachments; and sealing 
compounds. 

Related Sections include the following: 

I. 

2. 

Division 7 Section "Firestopping" for firestopping materials and requirements for 
penetrations through fire and smoke barriers. 
Division 15 Section "Pipe Insulation" for insulation for piping systems. 

SU BM ITTALS 

Product Data: Identify thermal conductivity, thickness, and jackets (both factory and 
field applied, if any), for each type of product indicated, summarized in a table format 
accompanied by supporting manufacturer's shop drawings. 

QUALITY ASSURANCE 

Fire-Test-Response Characteristics: As determined by testing materials identical to 
those specified in this Section according to ASTM E 84, by a testing and inspecting 
agency acceptable to authorities having jurisdiction. Factory label insulation and jacket 
materials and sealer and cement material containers with appropriate markings of 
applicable testing and inspecting agency. 

1. Insulation Installed Indoors: 
developed rating of 50 or less. 

Flame-spread rating of 25 or less and smoke- 

COORDINATION 

Coordinate clearance requirements with duct Installer for insulation application. 
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1.6 SCHEDULING 

SECTION 15081 
DUCT INSULATION 

A. Schedule insulation application after testing duct systems. Insulation application may 
begin on segments of ducts that have satisfactory test results. 

PART 2 - PRODUCTS 

2. I 

A. 

B. 

2.3 

A. 

B. 

C. 

MANUFACTURERS 

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. Mineral-Fiber Insulation: 

a. CertainTeed Manson. 
b. Knauf FiberGIass GmbH. 
c. Owens-Corning Fiberglas Corp. 
d. Schuller International, Inc. 

INSULATION MATERIALS 

Mineral-Eiber -Board-Thermal -Insulation: -Glass-fibers-bonded-with-a-thermosetting 
resin. Comply with ASTM C 612, Type IB, without facing and with all-service jacket 
manufactured from Kraft paper, reinforcing scrim, aluminum foil, and vinyl film. 

Mineral-Fiber Blanket Thermal Insulation: Glass fibers bonded with a thermosetting 
resin. Comply with ASTM C 553, Type II, without facing and with all-service jacket 
manufactured from Kraft paper, reinforcing scrim, aluminum foil, and vinyl film. 

ACCESSORIES AND ATTACHMENTS 

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. Isq. yd. 
(270 g/sq. m). 

1. Tape Width: 4 inches (100 mm). 

Bands: 3/4 inch (19 mm) wide, in one of the following materials compatible with jacket: 

1. 
2. 
3. 
4. 
5. 

Stainless Steel: ASTM A 666, Type 304; 0.020 inch (0.5 mm) thick. 
Galvanized Steel: 0.005 inch (0.13 mm) thick. 
Aluminum: 0.007 inch (0.18 mm) thick. 
Brass: 0.010 inch (0.25 mm) thick. 
Nickel-Copper Alloy: 0.005 inch (0.13 mm) thick. 

Wire: 0.080-inch (2.0-mm), nickel-copper alloy; 0.062-inch (1.6-mm), soft-annealed, 
stainless steel; or 0.062-inch ( I  .6-mm), soft-annealed, galvanized steel. 

- ._ - - 
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SECTION 15081 
DUCT INSULATION 

D. Weld-Attached Anchor Pins and Washers: Copper-coated steel pin for capacitor- 
discharge welding and galvanized speed washer. Pin length sufficient for insulation 
thickness indicated. 

1. Welded Pin Holding Capacity: 100 Ib (45 kg) for direct pull perpendicular to the 
attached surface. 

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 Ib (45 kg) for direct pull perpendicular to the adhered 
s u rface . 

F. Self-Adhesive 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. 

2.4 VAPOR RETARDERS 

A. Mastics: Materials recommended by insulation material manufacturer that are 
compatible with insulation materials, jackets, and substrates. 

PART 3 - EXECUTION 

3.1 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. 

3.2 PREPARATION 

A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials 
that will adversely affect insulation application. 

3.3 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. 
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SECTION 15081 
DUCT INSULATION 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

Refer to schedules at the end of this Section for materials, forms, jackets, and 
thicknesses required for each duct system. 

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. 

Apply multiple layers of insulation with longitudinal and end seams staggered. 

Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a 
vapor retarder. 

Keep insulation materials dry during application and finishing. 

Apply insulation with tight longitudinal seams and end joints. Bond seams and joints 
with adhesive recommended by the insulation material manufacturer. 

Apply insulation with the least number of joints practical. 

Apply insulation over fittings and specialties, with continuous thermal and vapor- 
retarder integrity, unless otherwise indicated. 

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. - __ - _ _ _  - -  _ _  - - 

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. 

Apply insulation with integral jackets as follows: 

1. 
2. 

3. 

Pull jacket tight and smooth. 
Joints and Seams: Cover with tape and vapor retarder as recommended by 
insulation material manufacturer to maintain vapor seal. 
Vapor-Retarder Mastics: Where vapor retarders are indicated, apply mastic on 
seams and joints and at ends adjacent to duct flanges and fittings. 

Cut insulation according to manufacturer's written instructions to prevent compressing 
insulation to less than 75 percent of its nominal thickness. 

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. 
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SECTION 15081 
DUCT INSULATION 

1 

0. 

P. 

Q. 

R. 

3.4 

A. 

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. 

Roof Penetrations: Apply insulation for interior applications to a point even with top of 
roof flashing. 

1. 
2. 
3. 

Seal penetrations with vapor-retarder mastic. 
Apply insulation for exterior applications tightly joined to interior insulation ends. 
Seal insulation to roof flashing with vapor-retarder mastic. 

Interior Wall and Partition Penetrations: Apply insulation continuously through walls 
and partitions, except fire-rated walls and partitions. 

Fire-Rated Wall and Partition Penetrations: Terminate insulation at firekmoke damper 
sleeves for fire-rated wall and partition penetrations. 

Floor Penetrations: Terminate insulation at underside of floor assembly and at floor 
support at top of floor. 

I. For insulation indicated to have vapor retarders, taper termination and seal 
insulation ends with vapor-retarder mastic. 

M I NE RAL-F I BE R INS U LATl ON APPLICATION 

Blanket Applications for Ducts and Plenums: Secure blanket insulation with adhesive 
and anchor pins and speed washers. 

1. 

2. 

3. 

Apply adhesives according to manufacturer's recommended coverage rates per 
square foot, for 100 percent coverage of duct and plenum surfaces. 
Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 
transitions. 
Install anchor pins and speed washers on sides and bottom of horizontal ducts 
and sides of vertical ducts as follows: 

a. On duct sides with dimensions 18 inches (450 mm) and smaller, along 
longitudinal centerline of duct. Space 3 inches (75 mm) maximum from 
insulation end joints, and 16 inches (400 mm) O.C. 
On duct sides with dimensions larger than 18 inches (450 mm). Space 16 
inches (400 mm) ox.  each way, and 3 inches (75 mm) maximum from 
insulation joints. Apply additional pins and clips to hold insulation tightly 
against surface at cross bracing. 
Anchor pins may be omitted from top surface of horizontal, rectangular 
ducts and plenums. 
Do not over compress insulation during installation. 

b. 

c. 

d. 

4. Impale insulation over anchors and attach speed washers. 

I 
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SECTION 15081 
DUCT INSULATION 

5. Cut excess portion of pins extending beyond speed washers or bend parallel with 
insulation surface. Cover exposed pins and washers with tape matching 
insulation facing. 
Create a facing lap for longitudinal seams and end joints with insulation by 
removing 2 inches (50 mm) from one edge and one end of insulation segment. 
Secure laps to adjacent insulation segment with 1/2-inch (13-mm) staples, I inch 
(25 mm) o.c., and cover with pressure-sensitive tape having same facing as 
insulation. 
Overlap unfaced blankets a minimum of 2 inches (50 mm) on longitudinal seams 
and end joints. Secure with steel band at end joints and spaced a maximum of 
18 inches (450 mm) O.C. 
Apply insulation on rectangular duct elbows and transitions with a full insulation 
segment for each surface. Apply insulation on round and flat-oval duct elbows 
with individually mitered gores cut to fit the elbow. 
Insulate duct stiffeners, hangers, and flanges that protrude beyond the insulation 
surface with 6-inch- (150-mm-) wide strips of the same material used to insulate 
duct. Secure on alternating sides of stiffener, hanger, and flange with anchor 
pins spaced 6 inches (1 50 mm) O.C. 

Apply vapor-retarder mastic to open joints, breaks, and punctures for insulation 
indicated to receive vapor retarder. 

6. 

7. 

8. 

9. 

10. 

B. Board Applications for Ducts and Plenums: Secure board insulation with adhesive and 
anchor pins and speed washers. 

1. 

2. 

3. 

4. 

5. 

6. 

GRW #3612 

Apply adhesives according to manufacturer's recommended coverage rates per 

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 
transitions. 
Space anchor pins as follows: 

square foot, for1 00 percent coverage of duct and-plenum surfaces. - _ -  

a. On duct sides with dimensions 18 inches (450 mm) and smaller, along 
longitudinal centerline of duct. Space 3 inches (75 mm) maximum from 
insulation end joints, and 16 inches (400 mm) O.C. 
On duct sides with dimensions larger than 18 inches (450 mm). Space 16 
inches (400 mm) O.C. each way, and 3 inches (75 mm) maximum from 
insulation joints. Apply additional pins and clips to hold insulation tightly 
against surface at cross bracing. 
Anchor pins may be omitted from top surface of horizontal, rectangular 
ducts and plenums. 
Do not over compress insulation during installation. 

b. 

c. 

d. 

Cut excess portion of pins extending beyond speed washers or bend parallel with 
insulation surface. Cover exposed pins and washers with tape matching 
insulation facing. 
Create a facing lap for longitudinal seams and end joints with insulation by 
removing 2 inches (50 mm) from one edge and one end of insulation segment. 
Secure laps to adjacent insulation segment with 1/2-inch (13-mm) staples, 1 inch 
(25 mm) o.c., and cover with pressure-sensitive tape having same facing as 
insulation. 
Apply insulation on rectangular duct elbows and transitions with a full insulation 
segment for each surface. Groove and score insulation to fit as closely as 

- __ 
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SECTION 15081 
DUCT INSULATION 

I 

3.5 

A. 

B. 

3.6 

A. 

B. 

C. 

D. 

3.7 

A. 

possible to outside and inside radius of elbows. Apply insulation on round and 
flat-oval duct elbows with individually mitered gores cut to fit the elbow. 
Insulate duct stiffeners, hangers, and flanges that protrude beyond the insulation 
surface with 6-inch- (150-mm-) wide strips of the same material used to insulate 
duct. Secure on alternating sides of stiffener, hanger, and flange with anchor 
pins spaced 6 inches (I 50 mm) O.C. 
Apply vapor-retarder mastic to open joints, breaks, and punctures for insulation 
indicated to receive vapor retarder. 

7. 

8. 

FINISHES 

Glass-Cloth Jacketed Insulation: Paint insulation finished with glass-cloth jacket as 
specified in Division 9 Section "Painting." 

Color: Final color as selected by Architect. Vary first and second coats to allow visual 
inspection of the completed Work. 

DUCT SYSTEM APPLICATIONS 

Insulation materials and thicknesses are specified in schedules at the end of this 
Section. 

Materials and thicknesses for systems listed below are specified in schedules at the 
end of this Section. 

Insulate the following plenums and duct systems: 

1. Indoor supply, outdoor, mixed, and relief-air ductwork. 

Items Not Insulated: 
following systems, materials, and equipment: 

Unless otherwise indicated, do not apply insulation to the 

1. Factory-insulated flexible ducts. 
2. Factory-insulated plenums, casings, terminal boxes, and filter boxes and 

3. Flexible connectors. 
4. Vibration-control devices. 
5. 
6. Nameplates and data plates. 

sections. 

Testing agency labels and stamps. 

INDOOR DUCT AND PLENUM APPLICATION SCHEDULE 

Service: Supply, outdoor, mixed, and relief-air ducts. (Note that relief-air refers to that 
discharging to the exterior. Mixed air refers to the mixture of outdoor and return-air) 

I. Material: Mineral-fiber blanket for concealed locations. Mineral-fiber board for 

2. 
exposed locations. 
Thickness: 1-1/2 inches (38 mm). 
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3. Number of Layers: One. 
4. Vapor Retarder Required: Yes. 

END OF SECTION 15081 

SECTION 15081 
DUCT INSULATION 

- - 
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SECTION 15083 
PIPE INSULATION 

SECTION 15083 - PIPE INSULATION 

PART 1 - GENERAL 

1 .I 

A. 

1.2 

A. 

B. 

1.3 

A. 

1.4 

A. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes preformed, rigid and flexible pipe insulation; insulating cements; 
field-applied jackets; accessories and attachments; and sealing compounds. 

Related Sections include the following: 

I. 

2. 

3. 

4. 

Division 7 Section "Firestopping" for firestopping materials and requirements for 
penetrations through fire and smoke barriers. 
Division 15 Sections "Duct Insulation" and "Equipment Insulation" for insulation 
for ducts, plenums, and HVAC equipment. 
Division 15 Section "Hangers and Supports" for pipe insulation shields and 
protection saddles. 
Division 15 Section "Basic Mechanical Materials and Methods" for mechanical 
identification requirements. 

SUBMITTALS 

Product Data: Identify thermal conductivity, thickness, and jackets (both factory and 
field applied, if any), for each type of product indicated, summarized in a table format 
accompanied by supporting manufacturer's shop drawings. 

QUALITY ASSURANCE 

Fire-Test-Response Characteristics: As determined by testing materials identical to 
those specified in this Section according to ASTM E 84, by a testing and inspecting 
agency acceptable to authorities having jurisdiction. Factory label insulation and jacket 
materials and sealer and cement material containers with appropriate markings of 
applicable testing and inspecting agency. 

I. Insulation Installed Indoors: 
developed rating of 50 or less. 

Flame-spread rating of 25 or less and smoke- 
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SECTION 15083 
PIPE INSULATION 

I .5 COORDINATION 

A. Coordinate size and location of supports, hangers, and insulation shields specified in 
Division 15 Section "Hangers and Supports." 

B. Coordinate clearance requirements with piping Installer for insulation application. 

1.6 SCHEDULING 

A. Schedule insulation application after testing piping systems and, where required. 
Insulation application may begin on segments of piping that have satisfactory test 
results. 

PART 2 - PRODUCTS 

2.1 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. Mineral-Fiber Insulation: 

a. CertainTeed Manson. 
b. Knauf FiberGIass GmbH. 
c. Owens-Corning Fiberglas Corp. 
d. Schuller International, Inc. , 

2. Closed-Cell Phenolic-Foam Insulation: 

a. Kooltherm Insulation Products, Ltd. 
b. Dow 

2.2 INSULATION MATERIALS 

A. Mineral-Fiber Insulation: Glass fibers bonded with a thermosetting resin complying 
with the following: 

1. 

2. 
3. 

Preformed Pipe Insulation: 
applied, all-purpose, vapor-retarder jacket. 
Blanket Insulation: Comply with ASTM C 553, Type II, without facing. 
Fire-Resistant Adhesive: Comply with MIL-A-331 6C in the following classes and 
grades: 

Comply with ASTM C 547, Type 1, with factory- 

a. Class 1, Grade A for bonding glass cloth and tape to unfaced glass-fiber 
insulation, for sealing edges of glass-fiber insulation, and for bonding 
lagging cloth to unfaced glass-fiber insulation. 

- - _- - _- 
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SECTION 15083 
PIPE INSULATION 

B. 

C. 

2.3 

A. 

B. 

C. 

2.4 

A. 

b. Class 2, Grade A for bonding glass-fiber insulation to metal surfaces. 

4. Vapor-Retarder Mastics: Fire- and water-resistant, vapor-retarder mastic for 

5. 
6. Expanded or Exfoliated Vermiculite Insulating Cements: Comply with 

7. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with 

indoor applications. Comply with MIL-C-I9565C, Type I I .  
Mineral-Fiber Insulating Cements: Comply with ASTM C 195. 

ASTM C 196. 

ASTM C 449/C 449M. 

Closed-Cell Phenolic-Foam Insulation: Preformed pipe insulation of rigid, expanded, 
closed-cell structure. Comply with ASTM C 1126, Type I l l ,  Grade 1. 

Prefabricated Thermal Insulating Fitting Covers: Comply with ASTM C 450 for 
dimensions used in preforming insulation to cover valves, elbows, tees, and flanges. 

ACCESSORIES AND ATTACHMENTS 

Glass Cloth and Tape: Comply with MIL-C-20079H, Type I for cloth and Type I1 for 
tape. Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz. /sq. yd. 
(270 g/sq. m). 

1. Tape Width: 4 inches (100 mm). 

Bands: 3/4 inch ( I9  mm) wide, in one of the following materials compatible with jacket: 

1. 
2. 
3. 
4. 
5. 

Stainless Steel: ASTM A 666, Type 304; 0.020 inch (0.5 mm) thick. 
Galvanized Steel: 0.005 inch (0.13 mm) thick. 
Aluminum: 0.007 inch (0.18 mm) thick. 
Brass: 0.010 inch (0.25 mm) thick. 
Nickel-Copper Alloy: 0.005 inch (0.1 3 mm) thick. 

Wire: 0.080-inch (2.0-mm), nickel-copper alloy; 0.062-inch (1.6-mm), soft-annealed, 
stainless steel; or 0.062-inch (1.6-mm), soft-annealed, galvanized steel. 

VAPOR RETARDERS 

Mastics: Materials recommended by insulation material manufacturer that are 
compatible with insulation materials, jackets, and substrates. 

PART 3 - EXECUTION 

3.1 EXAM INATION 

A. Examine substrates and conditions for compliance with requirements for installation 
and other conditions affecting performance of insulation application. 
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SECTION 15083 
PIPE INSULATION 

B. 

3.2 

A. 

3.3 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

Proceed with installation only after unsatisfactory conditions have been corrected. 

PREPARATION 

Surface Preparation: Clean and dry pipe and fitting surfaces. Remove materials that 
will adversely affect insulation application. 

GENERAL APPLICATION REQUIREMENTS 

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. 

Refer to schedules at the end of this Section for materials, forms, jackets, and 
thicknesses required for each piping system. 

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. 

Apply.insulation with longitudinal seams at top and bottom of horizontal pipe runs. 

Apply multiple layers of insulation with longitudinal and end seams staggered. 

Do not weld brackets, clips, or other attachment devices to piping, fittings, and 
specialties. 

Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a 
vapor retarder. 

_________- ~ ~ 

Keep insulation materials dry during application and finishing. 

Apply insulation with tight longitudinal seams and end joints. Bond seams and joints 
with adhesive recommended by the insulation material manufacturer. 

Apply insulation with the least number of joints practical. 

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. 

Hangers and Anchors: Where vapor retarder is indicated, seal penetrations in 
insulation at hangers, supports, anchors, and other projections with vapor-retarder 
mastic. 

1. 
2. 

Apply insulation continuously through hangers and around anchor attachments. 
For insulation application where vapor retarders are indicated, extend insulation 
on anchor legs at least 12 inches (300 mm) from point of attachment to pipe and 
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M. 

N. 

0. 

P. 

Q. 

R. 

taper insulation ends. Seal tapered ends with a compound recommended by the 
insulation material manufacturer to maintain vapor retarder. 
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. 
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. 

3. 

4. 

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. 

Apply adhesives and mastics at the manufacturer's recommended coverage rate. 

Apply insulation with integral jackets as follows: 

1. 
2. 

Pull jacket tight and smooth. 
Circumferential Joints: Cover with 3-inch- (75-mm-) 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 (1 00 mm) O.C. 
Longitudinal Seams: Overlap jacket seams at least 1-112 inches (40 mm). 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 (100 mm) O.C. 

3. 

a. Exception: Do not staple longitudinal laps on insulation having a vapor 
retarder. 

4. 

5. 

Vapor-Retarder Mastics: Where vapor retarders are indicated, apply mastic on 
seams and joints and at ends adjacent to flanges, unions, valves, and fittings. 
At penetrations in jackets for thermometers and pressure gages, fill and seal 
voids with vapor-retarder mastic. 

Interior Wall and Partition Penetrations: Apply insulation continuously through walls 
and floors. 

Fire-Rated Wall and Partition Penetrations: 
penetrations of fire-rated walls and partitions. 

Apply insulation continuously through 

I. Firestopping and fire-resistive joint sealers are specified in Division 7 Section 
" Firestopping." 

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. 
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3.4 MINERAL-FIBER INSULATION APPLICATION 

A. Apply insulation to straight pipes and tubes as follows: 

1. 

2. 

Secure each layer of preformed pipe insulation to pipe with wire, tape, or bands 
without deforming insulation materials. 
Where vapor retarders are indicated, seal longitudinal seams and end joints with 
vapor-retarder mastic. Apply vapor retarder to ends of insulation at intervals of 
15 to 20 feet (4.5 to 6 m) to form a vapor retarder between pipe insulation 
segments. 
For insulation with factory-applied jackets, secure laps with outward clinched 
staples at 6 inches (150 mm) O.C. 
For insulation with factory-applied jackets with vapor retarders, do not staple 
longitudinal tabs but secure tabs with additional adhesive as recommended by 
the insulation material manufacturer and seal with vapor-retarder mastic. 

3. 

4. 

B. Apply insulation to flanges as follows: 

I. Apply preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation segment the same as overall width of the flange and 

bolts, plus twice the thickness of the pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with mineral-fiber blanket 
insulation. 

4. Apply canvas jacket material with manufacturer's recommended adhesive, 
overlapping seams at least 1 inch (25 mm), and seal joints with-vapor-retarder 
mastic. 

. 

C. Apply insulation to fittings and elbows as follows: 

I. 

2. 

3. 

Apply premolded insulation sections of the same material as straight segments of 
pipe insulation when available. Secure according to manufacturer's written 
instructions. 
When premolded insulation elbows and fittings are not available, apply mitered 
sections of pipe insulation, or glass-fiber blanket insulation, to a thickness equal 
to adjoining pipe insulation. Secure insulation materials with wire, tape, or 
bands. 
Cover fittings with standard PVC fitting covers. Overlap PVC covers on pipe 
insulation jackets at least I inch (25 mm) at each end. Secure fitting covers with 
manufacturer's attachments and accessories. Seal seams with tape and vapor- 
retarder mastic. 

D. Apply insulation to valves and specialties as follows: 

1. 

2. 

Apply premolded insulation sections of the same material as straight segments of 
pipe insulation when available. Secure according to manufacturer's written 
instructions. 
When premolded insulation sections are not available, apply glass-fiber blanket 
insulation to valve body. Arrange insulation to permit access to packing and to 
allow valve operation without disturbing insulation. For check valves, arrange 
insulation for access to stainer basket without disturbing insulation. 
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3.5 

A. 

B. 

C. 

D. 

3. 
4. 

Apply insulation to flanges as specified for flange insulation application. 
Use preformed standard PVC fitting covers for valve sizes where available. 
Secure fitting covers with manufacturer's attachments and accessories. Seal 
seams with tape and vapor-retarder mastic. 
For larger sizes where PVC fitting covers are not available, seal insulation with 
canvas jacket and sealing compound recommended by the insulation material 
manufacturer. 

5. 

CLOSED-CELL PHENOLIC-FOAM INSULATION APPLICATION 

Apply insulation to straight pipes and tubes as follows: 

1. Secure each layer of insulation to pipe with wire, tape, or bands without 
deforming insulation materials. 

2. Where vapor retarders are indicated, seal longitudinal seams and end joints with 
vapor-retarder mastic. 

3. For insulation with factory-applied jackets, secure laps with outward clinched 
staples at 6 inches (I50 mm) O.C. 

4. For insulation with factory-applied jackets with vapor retarders, do not staple 
longitudinal tabs but secure tabs with additional adhesive as recommended by 
the insulation material manufacturer and seal with vapor-retarder mastic. 

Apply insulation to flanges as follows: 

1. Apply preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation segment the same as overall width of the flange and 

bolts, plus twice the thickness of the pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of block 
insulation of the same material and thickness as pipe insulation. 

4. Apply canvas jacket material with manufacturer's recommended adhesive, 
overlapping seams at least 1 inch (25 mm), and seal joints with vapor-retarder 
mastic. 

Apply insulation to fittings and elbows as follows: 

1. Apply premolded insulation sections of the same material as straight segments of 
pipe insulation when available. Secure according to manufacturer's written 
instructions. 

2. . When premolded sections of insulation are not available, apply mitered sections 
of phenolic-foam insulation. Secure insulation materials with wire, tape, or 
bands. 
Cover fittings with standard PVC fitting covers. Overlap PVC covers on pipe 
insulation jackets at least 1 inch (25 mm) at each end. Secure fitting covers with 
manufacturer's attachments and accessories. Seal seams with tape and vapor- 
retarder mastic. 

3. 

Apply insulation to valves and specialties as follows: 
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1. Apply premolded insulation sections of the same material as straight segments of 
pipe insulation when available. Secure according to manufacturer's written 
instructions. 
When premolded sections of insulation are not available, apply mitered segments 
of phenolic-foam insulation to valve body. Arrange insulation to permit access to 
packing and to allow valve operation without disturbing insulation. For check 
valves, arrange insulation for access to stainer basket without disturbing 
insulation. 
Apply insulation to flanges as specified for flange insulation application. 
Use preformed standard PVC fitting covers for valve sizes where available. 
Secure fitting covers with manufacturer's attachments and accessories. Seal 
seams with tape and vapor-retarder mastic. 
For larger sizes where PVC fitting covers are not available, seal insulation with 
canvas jacket and sealing compound recommended by the insulation material 
manufacturer. 

2. 

3. 
4. 

5. 

3.6 

A. 

3.7 

A. 

B. 

3.8 

A. 

B. 

FIELD-APPLIED JACKET APPLICATION 

Where PVC jackets are indicated, install with l-inch (25-mm) overlap at longitudinal 
seams and end joints; for horizontal applications, install with longitudinal seams along 
top and bottom of tanks and vessels. Seal with manufacturer's recommended 
adhesive. 

1. - Apply-twocontinuous-beads-of adhesive-to seams-and-joints,-one bead under lap-_ __ 
and the finish bead along seam and joint edge. 

FINISHES 

Glass-Cloth Jacketed Insulation: Paint insulation finished with glass-cloth jacket as 
specified in Division 9 Section "Painting" and in accordance with Division 9 Section 
"Basic Mechanical Materials and Methods." 

Color: Final color as selected by Architect. Vary first and second coats to allow visual 
inspection of the completed Work. 

PIPING SYSTEM APPLICATIONS 

Insulation materials and thicknesses are specified in schedules at the end 
Section. 

Items Not Insulated: 
following systems, materials, and equipment: 

Unless otherwise indicated, do not apply insulation 

1. Flexible connectors. 
2. 
3. Fire-suppression piping. 
4. 

Vi b ration-control devices . 

Below-grade piping, unless otherwise indicated. 
- _. -_ - 

of this 

to the 

- 
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3.9 

A. 

B. 

3.10 

A. 

B. 

3.1 1 

A. 

B. 

C. 

5. Air chambers, unions, strainers, check valves, plug valves, and flow regulators. 

FIELD QUALITY CONTROL 

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. 

Reinstall insulation and covers on fittings and valves uncovered for inspection 
according to these Specifications. 

INSULATION APPLICATION SCHEDULE, GENERAL 

Refer to insulation application schedules for required insulation materials, vapor 
retarders, and field-applied jackets. 

Application schedules identify piping system and indicate pipe size ranges and 
material, thickness, and jacket requirements. 

INSULATION APPLICATION SCHEDULE 

Service: Domestic cold and hot water. 

I. 
2. 
3. 

Operating Temperature: 60 to 140 deg F (15 to 60 deg C). 
Insulation Material: Mineral fiber or Closed-cell phenolic foam. 
Insulation Thickness: Apply the following insulation thicknesses: 

a. 
b. 

Copper Pipe, 1/2 to I-inch pipe size: 1/2-inch 
Copper Pipe, over 1-114 pipe size: I-inch 

4. 
5. Vapor Retarder Required: Yes. 
6. Finish: Painted. 

Field-Applied Jacket: PVC in exposed locations. 

Service: Exposed sanitary drains and domestic water supplies and stops for fixtures 
for the disabled. 

1. 
2. Insulation Material: Mineral fiber. 
3. Insulation Thickness: I-inch 
4. 
5. Vapor Retarder Required: No. 
6. Finish: White. 

Operating Temperature: 35 to 120 deg F (2 to 49 deg C). 

Field-Applied Jacket: PVC P-trap and supply covers. 

Service: Refrigerant piping. 

1. Insulation Material: Flexible Elastomeric. 
2. Insulation Thickness: I-inch 
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3. 

4. Vapor Retarder Required: Yes. 
5. 

Field-Applied Jacket: PVC in interior exposed locations, Aluminum in exterior 
locations 

Finish: White (provide two coats of manufacturer’s recommended exterior 
coating for exterior locations). 

D. Service: Condensate drain piping. 

1. 
2. Insulation Material: Flexible Elastomeric. 
3. Insulation Thickness: I-inch 
4. 
5. Vapor Retarder Required: Yes. 
6. Finish: White. 

Operating Temperature: 35 to 75 deg F (2 to 24 deg C). 

Field-Applied Jacket: PVC in exposed locations 

E. Service: Ground source heat pump and hot water reheat supply and return piping. 

1. 
2. Insulation Material: Mineral fiber. 
3. Insulation Thickness: 1 -inch 
4. 
5. Vapor Retarder Required: Yes. 
6. Finish: Painted. 

Operating Temperature: 35 to 120 deg F (2 to 49 deg C). 

Field-Applied Jacket: PVC in exposed locations. 

- __ - - - - 

END OF SECTION 15083 

_ - __ 
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SECTION 151 00 - VALVES 

PART 1 - GENERAL 

1 .I 

A. 

I .2 

A. 

B. 

1.3 

A. 

B. 

C. 

1.4 

A. 

B. 

C. 

RELATED DOCUMENTS 

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

SUMMARY 

This Section includes general duty valves common to several mechanical piping 
systems. 

Related Sections: The following Sections contain requirements that relate to this 
Section: 

1. 
2. 

Special purpose valves are specified in Division 15 piping system Sections. 
Valve tag requirements are specified in Division 15 Section "Basic Mechanical 
.Materials & Methods." 

SUB M ITTALS 

General: Submit each item in this Article according to the Conditions of the Contract 
and Division 1 Specification Sections. 

Product Data for each valve type. Include body material, valve design, pressure and 
temperature classification, end connection details, seating materials, trim material and 
arrangement, dimensions and required clearances, and installation instructions. 
Include list indicating valve and its application. 

Maintenance data for valves to include in the operation and maintenance manual 
specified in Division 1 . Include detailed manufacturer's instructions on adjusting, 
servicing, disassembling, and repairing. 

QUALITY ASSURANCE 

Single-Source Responsibility: Comply with the requirements specified in Division 1 
Section "Materials and Equipment," under "Source Limitations" Paragraph. 

ASME Compliance: Comply with ASME B31.9 for building services piping and 
ASME 831 .I for power piping. 

MSS Compliance: Comply with the various MSS Standard Practice documents 
referenced. 
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1.5 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 

I. 
2. 
3. 
4. 
5. 
6. 

Use the following precautions during storage: 

Protect internal parts against rust and corrosion. 
Protect threads, flange faces, grooves, and weld ends. 
Set globe and gate valves closed to prevent rattling. 
Set ball and plug valves open to minimize exposure of functional surfaces. 
Set butterfly valves closed or slightly open. 
Block check valves in either closed or open position. 

B. 

1. Maintain valve end protection. 
2. Store indoors and maintain valve temperature higher than ambient dew-point 

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

C. Use a sling to handle large valves. Rig to avoid damage to exposed parts. Do not use 
handwheels and stems as lifting or rigging points. 

PART 2 - PRODUCTS 

2.1 --- MANUFACTURERS - - __-_ _ _  

A. Available Manufacturers: Subject to compliance with requirements, manufacturers 
offering products that may be incorporated in the Work include, but are not limited to, 
the following: 

1. Gate Valves: 

a. 
b. Milwaukee Valve Company, Inc. 
c. NIBCO Inc. 

Crane Company; Valves and Fitting Division 

2. Ball Valves: 

a. 
b. Milwaukee Valve Company, Inc. 
c. NIBCO Inc. 

Conbraco Industries, Inc.; Apollo Division. 

3. Plug Valves: 

a. Grinnell Corp. 
b. 
c. NIBCO Inc. 
d. 
e. Victaulic Company of America. 

Huber: J.M. Huber Corp.; Flow Control Division (Resun Valves). 

Stockham Valves & Fittings, Inc. 

__ 
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4. Globe Valves: 

a. 
b. Milwaukee Valve Company, Inc. 
c. NIBCO Inc. 

Crane Company; Valves and Fitting Division. 

5. Butterfly Valves: 

a. 
b. General Signal; DeZurik Unit. 
c. Keystone Valve USA, Inc. 
d. Milwaukee Valve Company, Inc. 
e. NIBCO Inc. 

Crane Company; Valves and Fitting Division. 

6. Swing Check Valves: 

a. 
b. Milwaukee Valve Company, Inc. 
c. NIBCO Inc. 

Crane Company; Valves and Fitting Division. 

7. Wafer Check Valves: 

a. 
b. Milwaukee Valve Company, Inc. 
c. NlBCO Inc. 

Conbraco Industries, Inc.; Apollo Division. 

8. Lift Check Valves: 

2.2 

A. 

B. 

C. 

D. 

a. 
b. Milwaukee Valve Company, Inc. 
c. NIBCO lnc. 

Crane Company; Valves and Fitting Division. 

BASIC, COMMON FEATURES 

Design: Rising stem or rising outside screw and yoke stems, except as specified 
below. 

I. Nonrising stem valves may be used only where headroom prevents full extension 
of rising stems. 

Pressure and Temperature Ratings: As indicated in the "Application Schedule" of 
Part 3 of this Section and as required to suit system pressures and temperatures. 

Sizes: Same size as upstream pipe, unless otherwise indicated. 

Operators: 
special operator features: 

I. 

Use specified operators and handwheels, except provide the following 

Handwheels: For valves other than quarter turn. 
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2. Lever Handles: For quarter-turn valves 6 inches (DN150) and smaller, except for 
plug valves, which shall have square heads. Furnish Owner with 1 wrench for 
every 10 plug valves. 
Chain-Wheel Operators: For valves 4 inches (DNIOO) and larger, installed 96 
inches (2400 mm) or higher above finished floor elevation. 
Gear-Drive Operators: For quarter-turn valves 8 inches (DN200) and larger. 

3. 

4. 

E. 

F. 

G. 

H. 

I. 

- . __ . 2.3- 

A. 

2.4 

A. 

Extended Stems: Where insulation is indicated or specified, provide extended stems 
arranged to receive insulation. 

Bypass and Drain Connections: Comply with MSS SP-45 bypass and drain 
connections. 

Threads: ASME B1.20.1. 

Flanges: ASME B16.1 for cast iron, ASME B16.5 for steel, and ASME B16.24 for 
bronze valves. 

Solder Joint: ASME B16.18. 

I. Caution: Where soldered end connections are used, use solder having a melting 
point below 840 deg F (450 deg C) for gate, globe, and check valves; below 421 
deg F (216 deg C) for ball valves. 

Gate Valves, 2-1/2 Inches (DN65) and Smaller: MSS SP-80; Class 150, 300-psi 
(2070-kPa) cold working pressure (CWP); ASTM B 62 cast-bronze body and bonnet, 
solid-bronze wedge, copper-silicon alloy rising stem, Teflon-impregnated packing with 
bronze packing nut, threaded or soldered end connections; and with aluminum or 
malleable-iron handwheel. 

BALL VALVES 

Ball Valves, 4 Inches (DNIOO) and Smaller: MSS SP-110, Class 150, 600-psi (4140- 
kPa) CWP, ASTM B 584 bronze body and bonnet, 2-piece construction; chrome-plated 
brass ball, standard port for IM-inch (DN15) valves and smaller and conventional port 
for 314-inch (DN20) valves and larger; blowout proof; bronze or brass stem; Teflon 
seats and seals; threaded or soldered end connections: 

1. 
2. 
3. 

Operator: Vinyl-covered steel lever handle. 
Stem Extension: For valves installed in insulated piping. 
Memory Stop: For operator handles. 
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r 

2.5 

A. 

2.6 

A. 

2.7 

A. 

2.8 

A. 

B. 

C. 

PLUG VALVES 

Plug Valves: MSS SP-78, 175-psi (1200-kPa) CWP, ASTM A 126 cast-iron body and 
bonnet, cast-iron plug, Buna N, Viton, or Teflon packing, flanged or grooved end 
connections: 

1. Operator: Square head with 1 wrench for every I O  valves. 

GLOBE VALVES 

Globe Valves: MSS SP-80; Class 150, 300-psi (2070-kPa) CWP; ASTM B 62 cast- 
bronze body and screwed bonnet, rubber, bronze, or Teflon disc, silicon bronze-alloy 
stem, Teflon-impregnated packing with bronze nut, threaded or soldered end 
connections; and with aluminum or malleable-iron handwheel. 

BUTTERFLY VALVES 

Butterfly Valves: MSS SP-67, 200-psi ( I  380-kPa) CWP, 150-psi (1 035- kPa) 
maximum pressure differential, ASTM A 126 cast-iron body and bonnet, extended 
neck, stainless-steel stem, field-replaceable EPDM or Buna N sleeve and stem seals, 
wafer, lug, or grooved style: 

1. 
2. 

Disc Type: Nickel-plated ductile iron. 
Operator for Sizes 2 Inches (DN50) to 6 Inches (DN150): Standard lever handle. 

CHECK VALVES 

Swing Check Valves: MSS SP-80; Class 150, 300-psi (2070-kPa) CWP; horizontal 
swing, Y-pattern, ASTM B 62 cast-bronze body and cap, rotating bronze disc with 
rubber seat 'or composition seat, threaded or soldered end connections: 

Wafer Check Valves: Class 125, 200-psi (1380-kPa) CWP, ASTM A 126 cast-iron 
body, bronze disclplates, stainless-steel pins and springs, Buna N seals, installed 
between flanges. 

Lift Check Valves: Class 125, ASTM B 62 bronze body and cap (main components), 
horizontal or vertical pattern, lift-type, bronze disc or Buna N rubber disc with stainless- 
steel holder threaded or soldered end connections. 

PART 3 - EXECUTION 

3.1 EXAM INATION 

A. Examine piping system for compliance with requirements for installation tolerances and 
other conditions affecting performance of valves. Do not proceed with installation until 
unsatisfactory conditions have been corrected. 
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I 
B. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. I 

Remove special packing materials, such as blocks, used to prevent disc movement 
during shipping and handling. 

Operate valves from fully open to fully closed positions. Examine guides and seats 
made accessible by such operation. 

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

Examine mating flange faces for conditions that might cause leakage. Check bolting 
for proper size, length, and material. Check gasket material for proper size, material 
composition suitable for service, and freedom from defects and damage. 

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

I 
I 
I 

C. 

D. 

E. 

F. I 
3.2 INSTALLATION I 

A. 

B. 

Install valves as indicated, according to manufacturer's written instructions. 

Piping installation requirements are specified in other Division 15 Sections. Drawings 
indicate the general arrangement of piping, fittings, and specialties. 

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

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

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

I 
I 

_. - - I  
C. 

-_ ____ ___ ____ -- ~ _ _  ----- -- 

D. 

E. 

F. Install valves in a position to allow full stem movement. 
I 

G. Installation of Check Valves: Install for proper direction of flow as follows: I 
I 1. Swing Check Valves: Horizontal position with hinge pin level. 

3.3 SOLDERED CONNECTIONS 

A. 

B. 

Cut tube square and to exact lengths. 

Clean end of tube to depth of valve socket with steel wool, sand cloth, or a steel wire 
brush to a bright finish. Clean valve socket. 

Apply proper soldering flux in an even coat to inside of valve socket and outside of 
tube. I 

I 
C. 

D. 

E. 

Open gate and globe valves to fully open position. 

Remove the cap and disc holder of swing check valves having composition discs. 
I 
l -  - - -  - - - 
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F. 

G. 

3.4 

A. 

B. 

C. 

D. 

3.5 

A. 

B. 

C. 

3.6 

A. 

3.7 

A. 

Insert tube into valve socket, making sure the end rests against the shoulder inside 
valve. Rotate tube .or valve slightly to ensure even distribution of the flux. 

Apply heat evenly to outside of valve around joint until solder melts on contact. Feed 
solder until it completely fills the joint around tube. Avoid hot spots or overheating 
valve. Once the solder starts cooling, remove excess amounts around the joint with a 
cloth or brush. 

THREADED CONNECTIONS 

Note the internal length of threads in valve ends and proximity of valve internal seat or 
wall to determine how far pipe should be threaded into valve. 

Align threads at point of assembly. 

Apply appropriate tape or thread compound to the external pipe threads, except where 
dry seal threading is specified. 

Assemble joint, wrench tight. Wrench on valve shall be on the valve end into which the 
pipe is being threaded. 

FLANGED CONNECTIONS 

Align flange surfaces parallel. 

Assemble joints by sequencing bolt tightening to make initial contact of flanges and 
gaskets as flat and parallel as possible. Use suitable lubricants on bolt threads. 
Tighten bolts gradually and uniformly with a torque wrench. 

For dead-end service, butterfly valves require flanges both upstream and downstream 
for proper shutoff and retention. 

VALVE END SELECTION 

Select valves with the following ends or types of pipe/tube connections: 

1. 

2. 
3. 

Copper Tube Size, 2-1/2 Inches (DN65) and Smaller: 
provide threaded ends for heating hot water and low-pressure steam service. 
Steel Pipe Sizes, 2-1/2 Inches (DN65) and Smaller: Threaded or grooved end. 
Steel Pipe Sizes, 3 Inches (DN80) and Larger: Grooved end or flanged. 

Solder ends, except 

APPLICATION SCHEDULE 

General Application: Use gate, ball, and butterfly valves for shutoff duty; globe, ball, 
and butterfly for throttling duty. Refer to piping system Specification Sections for 
specific valve applications and arrangements. 
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B. Domestic Water Systems: Use the following valve types: 

1. 
2. 
3. 
4. 

Gate Valves: Class 150, bronze or cast-iron body to suit piping system. 
Ball Valves: Class 150, 600-psi (4140-kPa) CWP, with stem extension. 
Bronze Swing Check: Class 150, with rubber seat. 
Check Valves: Class 150, swing or wafer type as indicated. 

C. Heat Pump Water Systems: Use the following valve types: 

1. 
2. 
3. Butterfly Valves: Nickel-plated ductile iron, aluminum bronze or epoxy-coated 

4. 
5. Check Valves: Iron swing, wafer, or lift type, as indicated. Swing check shall be 

Gate Valves: Class 150, bronze or cast-iron body to suit piping system. 
Ball Valves: Class 150, 600-psi (4140-kPa) CWP, with stem extension. 

ductile iron disc; EPDM or Buna N sleeve and stem seals. 
Bronze Swing Check: Class 150, with composition seat. 

Class 150 with bronze seat ring. 

3.8 ADJUSTING 

A. Adjust or replace packing after piping systems have been tested and put into service, 
but before final adjusting and balancing. Replace valves if leak persists. 

_ _  - - __ EN-D-OFSECTION I5100 - -  

- - -__ - - 
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SECTION 15122 - METERS AND GAGES 

PART 1 - GENERAL 

SECTION 151 22 
METERS AND GAGES 

1.1 

A. 

1.2 

A. 

B. 

1.3 

A. 

B. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and Supplemen- 
tary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes meters and gages for mechanical systems. 

Related Sections include the following: 

1. 
2. 

Division 2 Section "Water Distribution" for water meters outside the building. 
Mechanical equipment Sections that specify meters and gages as part of factory- 
fabricated equipment. 

S U BM ITTALS 

Product Data: Include scale range, ratings, and calibrated performance curves for 
each meter, gage, fitting, specialty, and accessory specified. 

Shop Drawings: Include schedule indicating manufacturer's number, scale range, fit- 
tings, and location for each meter and gage. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers: Subject to compliance with requirements, manufacturers of- 
fering products that may be incorporated into the Work include, but are not limited to, 
the following: 

1. Direct-Mounting, Filled-System Dial Thermometers: 

a. 

b. Marsh Bellofram. 
c. Trerice: H. 0. Trerice Co. 
d. Weiss Instruments, Inc. 

Dresser Industries, Inc.; Instrument Div.; Ashcroft Commercial Sales Op- 
eration. 
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SECTION 151 22 
METERS AND GAGES 

2. Bimetal Dial Thermometers: 

a. 

b. 

d. 
e. 
f. 
g. 
h. 
i. 

C. 

Dresser Industries, Inc.; Instrument Div.; Ashcroft Commercial Sales Op- 
eration. 
Ernst Gage Co. 
Marsh Bellofram. 
Noshok, Inc. 
Reotemp Instrument Corp. 
Tel-Tru Manufacturing Co., Inc. 
Trerice: H. 0. Trerice Co. 
Weiss Instruments, Inc. 
Winter's Thermogauges, Inc. 

3. Insertion Dial Thermometers: 

a. 

b. Reotemp Instrument Corp. 
c. Tel-Tru Manufacturing Co., Inc. 
d. Trerice: H. 0. Trerice Co. 
e. Weiss Instruments, Inc. 

Dresser Industries, Inc.; Instrument Div.; Ashcroft Commercial Sales Op- 
eration. 

4. Pressure Gages: 

C. 
d. 
e. 
f. 
9. 
h. 
i. 

AMETEK, Inc.; U.S. Gauge Div. 
-Dresser-Industries,-.lnc.;-Instrument-Div. ; -Ashcroft Commercial Sales -0p--- 
eration. 
Ernst Gage Co. 
Marsh Bellofram. 
Noshok, Inc. 
Trerice: H. 0. Trerice Co. 
Weiss Instruments, Inc. 
WIKA Instruments Corp. 
Winter's Thermogauges, Inc. 

5. Test Plugs: 

a. Flow Design, Inc. 
b. National Meter. 
c. Watts Industries, Inc.; Water Products Div. 

2.2 THERMOMETERS, GENERAL 

A. Scale Range: Temperature ranges for services listed are as follows: 

I. 

2. 

Domestic Hot Water: 30 to 240 deg F, with 2-degree scale divisions (0 to 11 5 
deg C, with 1 -degree scale divisions). 
Domestic Cold Water: 0 to 100 deg F, with 2-degree scale divisions (minus 18 to 
plus 38 deg C, with 1 -degree scale divisions). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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SECTION 151 22 
METERS AND GAGES 

B. 

2 .3  

A. 

8. 

C. 

D. 

E. 

F. 

G. 

2.4 

A. 

B. 

C. 

D. 

E. 

F. 

2.5 

A. 

3.  Geothermal Heat Pump Water: 0 to 160 deg F, with 2-degree scale divisions 
(minus 18 to plus 70 deg C, with I-degree scale divisions). 

Accuracy: Plus or minus 1 percent of range span  or plus or minus o n e  scale division to 
maximum of 1.5 percent of range span.  

DIRECT-MOUNTING, FILLED-SYSTEM DIAL THERMOMETERS 

Description: Vapor-actuated, universal-angle dial type. 

Case: Drawn steel or cast  aluminum, with 4-1/2-inch- (1 15-mm-) diameter, glass lens. 

Adjustable Joint: Finish to match case, 180-degree adjustment in vertical plane, 360- 
degree adjustment in horizontal plane, with locking device. 

Thermal Bulb: Copper with phosphor-bronze bourdon pressure tube. 

Movement: Brass, precision geared. 

Scale: Progressive, satin-faced nonreflective aluminum with permanently etched mark- 
ings. 

Stem: Copper-plated steel, aluminum, or brass for separable socket; of length to  suit 
installation. 

BIMETAL DIAL THERMOMETERS 

Description: ASME B40.3; direct-mounting, universal-angle dial type. 

Case:  Stainless steel with 5-inch- (1 25-mm-) diameter, glass lens. 

Adjustable Joint: Finish to match case, 180-degree adjustment in vertical plane, 360- 
degree adjustment in horizontal plane, with locking device. 

Element: Bimetal coil. 

Scale: Satin-faced nonreflective aluminum with permanently etched markings. 

Stem: Stainless steel for separable socket, of length to suit installation. 

SEPARABLE SOCKETS 

Description: Fitting with protective socket for installation in threaded pipe fitting to hold 
fixed thermometer stem. 

1. 
2. 

Material: Brass, for use in copper piping. 
Material: Steel, for use  in steel piping. 
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METERS AND GAGES 

I 

3. 

4. Insertion Length: To extend to center of pipe. I 
5. 

Extension-Neck Length: Nominal thickness of 2 inches (50 mm), but not less I 

I 
I 
I 

than thickness of insulation. Omit extension neck for sockets for piping not insu- 
lated. 

Heat-Transfer Fluid: Oil or graphite. 

2.6 THERMOMETER WELLS 

A. Description: Fitting with protective well for installation in threaded pipe fitting to hold 
test thermometer. 

1. 
2. 
3. 

Material: Brass, for use in copper piping. 
Material: Steel, for use in steel piping. 
Extension-Neck Length: Nominal thickness of 2 inches (50 mm), but not less 
than thickness of insulation. Omit extension neck for wells for piping not insu- 
lated. I 

4. Insertion Length: To extend to center of pipe. 
5. Cap: Threaded, with chain permanently fastened to socket. 
6. Heat-Transfer Fluid: Oil or graphite. I 

2.7 PRESSURE GAGES I 
A. Description: ASME B40.1, phosphor-bronze bourdon-tube type with bottom connec- 

- tion; dry type, unless liquid-filled-case type is indicated. - - I 
I 

* 

B. Case: Drawn steel, brass, or aluminum with 4-1/2-inch- (115-mm-) diameter, glass 
lens. 

C. 

D. 

E. 

F. 

2.8 

A. 

Connector: Brass, NPS 1/4 (DN8). 

Scale: White-coated aluminum with permanently etched markings. 

Accuracy: Grade B, plus or minus 2 percent of middle 50 percent of scale. 

I 

Range: Comply with the following: 

1. 

2. 

Vacuum: 30 inches Hg of vacuum to 15 psig of pressure (1 00 kPa of vacuum to 
103 kPa of pressure). 
Fluids under Pressure: Two times the operating pressure. 

I 
I 

PRESSURE-GAGE FITTINGS 

Valves: NPS 1/4 (DN8) brass or stainless-steel needle type. I 

B. 

C. 

Syphons: NPS 1/4 (DN8) coil of brass tubing with threaded ends. 

Snubbers: ASME B40.5, NPS 1/4 (DN8) brass bushing with corrosion-resistant PO- 
rous-metal disc of material suitable for system fluid and working pressure. 

I 
- -- - I -  - - -  
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2.9 

A. 

B. 

C. 

D. 

E. 

F. 

TEST PLUGS 

Description: Nickel-plated, brass-body test plug in NPS 1/2 (DNI 5) fitting. 

Body: Length as required to extend beyond insulation. 

Pressure Rating: 500 psig (3450 kPa) minimum. 

Core Inserts: One or two self-sealing valves, suitable for inserting I/&inch (3-mm) OD 
probe from dial-type thermometer or pressure gage. 

Core Material for Air and Water: Minus 30 to plus 275 deg F (Minus 35 to plus 136 
deg C), ethylene-propylene-diene terpolymer rubber. 

Test-Plug Cap: Gasketed and threaded cap, with retention chain or strap. 

PART 3 - EXECUTION 

3.1 

A. 

3.2 

A. 

B. 

C. 

D. 

METER AND GAGE INSTALLATION, GENERAL 

Install meters, gages, and accessories according to manufacturer's written instructions 
for applications where used. 

THERMOMETER INSTALLATION 

Install thermometers and adjust vertical and tilted positions. 

Install in the following locations: 

1. 
2. 
3. 

Inlet and outlet to each geothermal well field. 
Inlet and outlet of each heat pump water coil in air-handling units. 
Inlet and outlet of each water heater or thermal storage tank. 

Install separable sockets in vertical position in piping tees where fixed thermometers 
are indicated. 

1. 
2. 

Install with socket extending to center of pipe. 
Fill sockets with oil or graphite and secure caps. 

Install thermometer wells in vertical position in piping tees where test thermometers are 
indicated. 

I. 
2. 

Install with stem extending to center of pipe. 
Fill wells with oil or graphite and secure caps. 
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METERS AND GAGES 

3.3 PRESSURE-GAGE INSTALLATION 

A. 

B. 

Install pressure gages in piping tees with pressure-gage valve located on pipe at most 
readable position. 
Install dry-type pressure gages in the following locations: 

1. 
2. Building water-service entrance. 

Discharge of each pressure-reducing valve. 

C. Install liquid-filled-type pressure gages at suction and discharge of each pump. 

D. Install pressure-gage needle valve and snubber in piping to pressure gages. 

1. Exception: Install syphon instead of snubber in piping to steam pressure gages. 

3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections. Drawings 
indicate general arrangement of piping and specialties. The following are specific con- 
nection requirements: 

1. install meters and gages adjacent to machines and equipment to allow service 
and maintenance. 

_ ~ . _  - - - - __ 
3.5 ADJUSTING AND CLEANING 

A. Calibrate meters according to manufacturer's written instructions, after installation. 

B. Adjust faces of meters and gages to proper angle for best visibility. 

C. Clean windows of meters and gages and clean factory-finished surfaces. Replace 
cracked and broken windows, and repair scratched and marred surfaces with manufac- 
turer's touchup paint. 

END OF SECTION 15122 

I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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SECTION 15140 - DOMESTIC WATER PIPING 

PART 1 - GENERAL 

1 .I 

A. 

1.2 

A. 

B. 

1.3 

A. 

1.4 

A. 

1.5 

A. 

B. 

SECTION 15140 
DOMESTIC WATER PIPING 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes domestic water piping inside the building. 

Related Sections include the following: 
1 . 

2. 

Division 2 Section "Facility Water Distribution" for water-service piping outside the 
building from source to the point where water-service piping enters the building. 
Division 15 Section "Plumbing Specialties" for water distribution piping specialties. 

PERFORMANCE REQUIREMENTS 

Provide components and installation capable of producing domestic water piping 
systems with 125 psig (860 kPa), unless otherwise indicated. 

SUBMITTALS 

Field quality-control test reports. 

QUALITY ASSURANCE 

Piping materials shall bear label, stamp, or other markings of specified testing agency. 

Comply with NSF 61 , "Drinking Water System Components - Health Effects; Sections 1 
through 9," for potable domestic water piping and components. 

PART 2 - PRODUCTS 

2.1 PIPING MATERIALS 

A. Refer to Part 3 "Pipe and Fitting Applications" Article for applications of pipe, tube, 
fitting, and joining materials. 

B. Transition Couplings for Aboveground Pressure Piping: Coupling or other 
manufactured fitting the same size as, with pressure rating at least equal to and ends 
compatible with, piping to be joined. 

2.2 COPPER TUBE AND FITTINGS 

GRW #3612 15140 - 1  



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 15140 
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A. Soft Copper Tube: ASTM B 88, Types K and L (ASTM B 88M, Types A and B), water 
tube, annealed temper. 
I. Copper Pressure Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, 

wrought-copper, solder-joint fittings. Furnish wrought-copper fittings if indicated, 
2. Bronze Flanges: ASME B16.24, Class 150, with solder-joint ends. Furnish 

Class 300 flanges if required to match piping. 
3. Copper Unions: MSS SP-123, cast-copper-alloy, hexagonal-stock body, with ball- 

and-socket, metal-to-metal seating surfaces, and solder-joint or threaded ends. 

Hard Copper Tube: ASTM B 88, Types L and M (ASTM B 88M, Types B and C), water 
tube, drawn temper. 
1. Copper Pressure Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, 

wrought- copper, solder-joint fittings. Furnish wrought-copper fittings if indicated. 
2. Bronze Flanges: ASME B16.24, Class 150, with solder-joint ends. Furnish 

Class 300 flanges if required to match piping. 
3. Copper Unions: MSS SP-123, cast-copper-alloy, hexagonal-stock body, with ball- 

and-socket, metal-to-metal seating surfaces, and solder-joint or threaded ends. 

B. 

2.3 VALVES 

A. Bronze and cast-iron, general-duty valves are specified in Division 15 Section "Valves." 

B. Balancing and drain valves are specified in Division 15 Section "Plumbing Specialties." 

___ 

3.1 

A. 

3.2 

A. 

B. 

C. 

D. 

E. 

3.3 

A. 

PART 3 - EXECUTION 
._ 

EXCAVATION 

Excavating, trenching, and backfilling are specified in Division 2 Section "Earthwork." 

PIPE AND F lT lNG APPLICATIONS 

Transition and special fittings with pressure ratings at least equal to piping rating may 
be used in applications below, unless otherwise indicated. 

Flanges may be used on aboveground piping, unless otherwise indicated. 

Grooved joints may be used on aboveground grooved-end piping. 

Fitting Option: Extruded-tee connections and brazed joints may be used on 
aboveground copper tubing. 

Water Distribution Piping: Hard copper tube, Type L (Type B); copper, solder-joint 
fittings; and soldered joints. 

VALVE APPLICATIONS 

Drawings indicate valve types to be used. 
indicated, the following requirements apply: 

Where specific valve types are not 

15140 - 2 GRW #3612 
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B. 

C. 

3.4 

A. 

6. 

C. 

D. 

E. 

F. 

3.5 

A. 

B. 

C. 

1. Shutoff Duty: Use bronze ball or gate valves for piping NPS 2 (DN 50) and smaller. Use 
cast-iron butterfly or gate valves with flanged ends for piping NPS 2-I/? (DN 65) and 
larger. 
Hot-Water-Piping, Balancing Duty: Memory-stop balancing valves. 2. 

Install shutoff valve close to water main on each branch and riser serving plumbing 
fixtures or equipment, on each water supply to equipment, and on each water supply to 
plumbing fixtures that do not have supply stops. Use ball or gate valves for piping 
NPS 2 (DN 50) and smaller. Use butterfly or gate valves for piping NPS 2-1/2 (DN 65) 
and larger. 

Install balancing valve in each hot-water circulation return branch and discharge side of 
each pump and circulator. Set balancing valves partly open to restrict but not stop 
flow. Use ball valves for piping NPS 2 (DN 50) and smaller and butterfly valves for 
piping NPS 2-1/2 (DN 65) and larger. Balancing valves are specified in Division 15 
Section "Plumbing Specialties." 

P IP I NG INSTALLATION 

Basic piping installation requirements are specified in Division 15 Section "Basic 
Mechanical Materials and Methods." 

Install under-building-slab copper tubing according to CDA's "Copper Tube Handbook." 

Install wall penetration system at each service pipe penetration through foundation 
wall. Make installation watertight. Wall penetration systems are specified in 
Division 15 Section "Basic Mechanical Materials and Methods." 

Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with 
valve, inside the building at each domestic water service entrance. Pressure gages are 
specified in Division 15 Section "Meters and Gages," and drain valves and strainers are 
specified in Division 15 Section "Plumbing Specialties." 

Install water-pressure regulators downstream from shutoff valves. Water-pressure 
regulators are specified in Division 15 Section "Plumbing Specialties." 

Install domestic water piping level with 0.25 percent slope downward toward drain and 
plumb. 

JOINT CONSTRUCTION 

Basic piping joint construction requirements are specified in Division 15 Section "Basic 
Mechanical Materials and Methods." 

Soldered Joints: Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead- 
free-alloy solder; and ASTM B 828 procedure, unless otherwise indicated. 

Extruded-Tee Connections: Form tee in copper tube according to ASTM F 2014. Use 
tool designed for copper tube; drill pilot hole, form collar for outlet, dimple tube to form 
seating stop, and braze branch tube into collar. 
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3.6 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

3.7 

A. 

B. 

HANGER AND SUPPORT INSTALLATION 

Pipe hanger and support devices are specified in Division 15 Section "Hangers and 
Supports." Install the following: I 
I. 
2. 

Vertical Piping: MSS Type 8 or Type 42, clamps. 
Individual, Straight, Horizontal Piping Runs: According to the following: 
a. 
b. 
c. 
Multiple, Straight, Horizontal Piping Runs 100 Feet (30 m) or Longer: MSS Type 44, 
pipe rolls. Support pipe rolls on trapeze. 
Base of Vertical Piping: MSS Type 52, spring hangers. 

100 Fcet (30 111) and Less: MSS Type 1, adjustable, steel clevis hangers. 
Longer Than 100 Feet (30 m): MSS Type 43, adjustable roller hangers. 
Longer Than 100 E'ect (30 in): MSS Type 49, spring cushion rolls, if indicated. 

I 
3. 

4. 

Install supports according to Division 15 Section "Hangers and Supports." 

I 
I 

A. Install hangers for copper tubing with the following maximum spacing and minimum 
rod diameters: I 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

I 3/4-lnch NPS (DN20) and Smaller: Maximum horizontal spacing, 60 inches (1500 
mm) with 3/8-inch (IO-mm) minimum rod diameter; maximum vertical spacing, 10 
feet (3 m). 
I-Inch NPS (DN25): Maximum horizontal spacing, 72 inches (1800 mm) with 3/8- 
inch (1 0-mm) minimum rod diameter; maximum vertical spacing, 10 feet (3 m). 
1-1/4-lnch NPS (DN32): Maximum horizontal spacing, 72 inches (1800 mm) with 
3/8-inch (IO-mm) minimum rod diameter; maximum vertical spacing, 10 feet (3 

1-1/2 and 2-Inch NPS (DN40 and DN50): Maximum horizontal spacing, 96 inches 
(2400 mm) with 3/8-inch (1 0-mm)- minimam-ms-d-diametec maximum vexical 
spacing, I O  feet (3 m). 
2-1/2-lnch NPS (DN65): Maximum horizontal spacing, 108 inches (2700 mm) 
with 1/2-inch (1 3-mm) minimum rod diameter; maximum vertical spacing, I O  feet 

3-Inch NPS (DN80): Maximum horizontal spacing, 10 feet (3 m) with 1/2-inch (13- 
mm) minimum rod diameter; maximum vertical spacing, 10 feet (3 m). 
3-1/2-lnch NPS (DN90): Maximum horizontal spacing, 10 feet (3 m) with l/2-inch 
(13-mm) minimum rod diameter; maximum vertical spacing, 10 feet (3 m). 

I 
I 
I 
I" 
I 

m). 

(3 m). 

I 
Support vertical piping and tubing at base and at each floor. I 

Rod diameter may be reduced 1 size for double-rod hangers, to a minimum of 3/8 inch 
(IO mm). I 
Install supports for vertical copper tubing every I O  feet (3 m). 

Support piping and tubing not listed above according to MSS SP-69 and 
manufacturer's written instructions. 

CONNECTIONS 

I 
I 

Drawings indicate general arrangement of piping, fittings, and specialties. 

Install piping adjacent to equipment and machines to allow service and maintenance. 

~ 

- -I - _  - _- - -  
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C. Connect domestic water piping to exterior water-service piping. Use transition fitting to 
join dissimilar piping materials. 

D. Connect domestic water piping to water-service piping with shutoff valve, and extend 
and connect to the following: 
1. 
2. 

3. 

Booster Pumps: Cold-water suction and discharge piping. 
Water Heaters: Cold-water supply and hot-water outlet piping in sizes indicated, 
but not smaller than sizes of water heater connections. 
Plumbing Fixtures: Cold- and hot-water supply piping in sizes indicated, but not 
smaller than required by plumbing code. Refer to Division 15 Section "Plumbing 
Fixtures." 
Equipment: Cold- and hot-water supply piping as indicated, but not smaller than 
equipment connections. Provide shutoff valve and union for each connection. 
Use flanges instead of unions for NPS 2- 113 (DN 65) and larger. 

4. 

3.8 FIELD QUALITY CONTROL 

A. Inspect domestic water piping as follows: 
I. 

2. 

Do not enclose, cover, or put piping into operation until it has been inspected and 
approved by authorities having jurisdiction. 
During installation, notify authorities having jurisdiction at least 24 hours before 
inspection must be made. Perform tests specified below in presence of 
authorities having jurisdiction: 
a. Roughing-in Inspection: Arrange for inspection of piping before concealing 

or closing-in after roughing-in and before setting fixtures. 
b. Final Inspection: Arrange final inspection for authorities having jurisdiction 

to observe tests specified below and to ensure compliance with 
requirements. 

Reinspection: If authorities having jurisdiction find that piping will not pass test or 
inspection, make required corrections and arrange for reinspection. 
Reports: Prepare inspection reports and have them signed by authorities having 
jurisdiction. 

Test domestic water piping as follows: 
7 .  Fill domestic water piping. Check components to determine that they are not air 

bound and that piping is full of water. 
2. Test for leaks and defects in new piping and parts of existing piping that have 

been altered, extended, or repaired. If testing is performed in segments, submit 
separate report for each test, complete with diagram of portion of piping tested. 
Leave new, altered, extended, or replaced domestic water piping uncovered and 

Expose work that was 
covered or concealed before it was tested. 
Cap and subject piping to static water pressure of 5 0  p i g  (345 kPa) above 
operating pressure, without exceeding pressure rating of piping system materials. 
Isolate test source and allow to stand for four hours. Leaks and loss in test 
pressure constitute defects that must be repaired. 
Repair leaks and defects with new materials and retest piping or portion thereof 
until satisfactory results are obtained. 
Prepare reports for tests and required corrective action. 

3. 

4. 

B. 

3. 
. unconcealed until it has been tested and approved. 

4. 

5. 

6. 
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3.9 ADJUSTING 

A. Perform the following adjustments before operation: 
1. 
2. 
3. 

4. 

5. 
6. 

7. 

Close drain valves, hydrants, and hose bibbs. 
Open shutoff valves to fully open position. 
Adjust balancing valves in hot-water-circulation return piping to provide adequate 
flow. 
a. Manually adjust ball-type balancing valves in hot-water-circulation return 

piping to provide flow of hot water in each branch. 
b. Adjust calibrated balancing valves to flows indicated. 
Remove plugs used during testing of piping and plugs used for temporary sealing 
of piping during installation. 
Remove and clean strainer screens. Close drain valves and replace drain plugs. 
Remove filter cartridges from housings and verify that cartridges are as specified 
for application where used and are clean and ready for use. 
Check plumbing specialties and verify proper settings, adjustments, and 
operation. 

3.10 CLEANING 

A. Clean and disinfect potabledomestic water piping as follows: 
I. Purge new piping and parts of existing domestic water piping that have been 

altered, extended, or repaired before using. 
2. Use purging and disinfecting procedures prescribed by authorities having 

jurisdiction or, if methods are not prescribed, procedures described in either 

a. Flush piping system with clean, potable water until dirty water does not 
appear at outlets. 

b. Fill and isolate system according to either of the following: 
I ) Fill system or part thereof with water/chlorine solution with at least 50 ppm (50 

rng/L) of chlorine. Isolate with valves and allow to stand for 24 hours. 
2) Fill system or part thereof with waterkhlorine solution with at least 200 

ppm (200 121g/L) of chlorine. Isolate and allow to stand for three hours. 
Flush system with clean, potable water until no chlorine is in water coming 
from system after the standing time. 
Submit water samples in sterile bottles to authorities having jurisdiction. 
Repeat procedures if biological examination shows contamination. 

- -_ _ -AWWA-G65-1-or-AWWA-G652-or-as-described below:-- ~- - 

c. 

d. 

B. 

C. 

Prepare and submit reports of purging and disinfecting activities. 

Clean interior of domestic water piping system. 
progresses. 

END OF SECTION 

Remove dirt and debris as work 

. .- 
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PART 1 - GENERAL 

SECTION 151 50 
DRAINAGE AND VENT PIPING 

1.1 

A. 

I .2 

A. 

B. 

1.3 

A. 

B. 

C. 

D. 

E. 

F. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and Supplemen- 
tary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes sanitary drainage and vent piping, and storm drainage piping in- 
side building and to locations indicated. 

Related Sections include the following: 

I. 

2. 
3. 

Division 2 Section "Sewerage and Drainage" for sanitary sewerage and storm 
drainage. 
Division 2 Section "Subdrainage" for foundation drains. 
Division 15 Section "Plumbing Specialties" for drainage and vent piping system 
specialties. 

DEFINITIONS 

Sewerage Piping: Building sewer piping outside building that conveys sanitary sewage 
from building. 

Drainage Piping: Building sewer piping outside building that conveys storm drainage 
from building. 

Service Entrance Piping: Drainage piping at entry into building between outside build- 
ing sewer piping and inside drainage piping. 

Drainage and Vent Piping: Piping inside building that conveys waste water and vapors 
from fixtures and equipment throughout the building. 

Force-Main Piping: Drainage piping, under pressure. 

The  following are  industry abbreviations for plastic and other piping materials: 

1. EPDM: Ethylene-propylene-diene polymer, rubber. 
2. NBR: Acrylonitrile-butadiene rubber. 
3. PVC: Polyvinyl chloride. 
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1.4 

A. 

1.5 

A. 

1.6 

A. 

B. 

C. 

SECTION 151 50 
DRAINAGE AND VENT PIPING 

SYSTEM PERFORMANCE REQUIREMENTS 

Provide components and installation capable of producing piping systems with the fol- 
lowing minimum working-pressure ratings, unless otherwise indicated: 

1. 
2. 

Soil, Waste, and Vent Systems: 1 O-foot head of water (30 kPa). 
Storm Drainage Systems: 1 O-foot head of water (30 kPa). 

SUBMITTALS 

Test Results and Reports: Specified in "Field Quality Control" Article. 

QUALITY ASSURANCE 

Provide listing/approval stamp, label, or other marking on piping made to specified 
standards. 

Comply with ASME B31.9, "Building Services Piping," for materials, products, and in- 
stallation. 

Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic 
piping components. Include marking with "NSF-dwv" for plastic drain, waste, and vent 
piping; "NSF-drain" for plastic drain piping; "NSF-tubular" for plastic continuous waste 
piping; and "NSE-sewer"_for_plastic sewer piping.-_ - - - __ - __ - - - -- 

PART 2 - PRODUCTS 

2.1 

A. 

B. 

C. 

D. 

2.2 

A. 

B. 

PIPES AND TUBES 

General: Applications of the following pipe and tube materials are indicated in Part 3 
"Piping Applications" Article. 

Hub-and-Spigot, Cast-Iron Soil Pipe: ASTM A 74, Service and Extra Heavy classes. 
Include ASTM C 564 rubber gasket, with dimensions required for pipe class, for each 
hub. 

Hubless, Cast-Iron Soil Pipe: ASTM A 888 or ClSPl 301. 

PVC Plastic Pipe: ASTM D 2665, Schedule 40. 

PIPE AND TUBE FITTINGS 

General: Applications of the following pipe and tube fitting materials are indicated in 
Part 3 "Piping Applications" Article. 

Threaded-Fitting, End Connections: ASME B1.20.1. 
. - - _. - - -- __ - - - __ -_ 
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SECTION 151 50 
DRAINAGE AND VENT PIPING 

C. Hub-and-Spigot, Cast-Iron, Soil-Pipe Fittings: ASTM A 74, Service and Extra Heavy 
classes, hub and spigot. Include ASTM C 564 rubber gasket, with dimensions required 
for pipe class, for each hub. 

D. Hubless, Cast-Iron, Soil-Pipe Fittings: ClSPl 301. 

E. Ductile-Iron, Flexible Expansion Joints: Compound fitting with combination of flanged 
and mechanical-joint ends conforming to AWWA C110 or AWWA C153. Include 2 
gasketed ball-joint sections and I or more gasketed sleeve sections. Assemble com- 
ponents for offset and expansion indicated. Include AWWA C111 ductile-iron glands, 
rubber gaskets, and steel bolts. 

F. Ductile-Iron Expansion Joints: 3-piece assembly consisting of telescoping sleeve with 
gaskets and restrained-type, ductile-iron, bell-and-spigot end sections conforming to 
AWWA C110 or AWWA C153. Select and assemble components for expansion indi- 
cated. Include AWWA C1 I I ductile-iron glands, rubber gaskets, and steel bolts. 

G. PVC Socket Fittings: ASTM D 2665, made to ASTM D 331 I drain, waste, and vent 
pipe patterns. 

H. PVC Plastic, Tubular Fittings: ASTM F 409 drainage pattern, with ends as required for 
application. 

2.3 JOINING MATERIALS 

A. General: Applications of the following piping joining materials are indicated in Part 3 
"Piping Applications" Article. 

B. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for commonly 
used joining materials. 

C. Hubless, Cast-Iron, Soil-Piping Couplings: ASTM C 1277 assembly of metal housing, 
corrosion-resistant fasteners, and ASTM C 564 rubber sleeve or gasket with integral, 
center pipe stop. Include the following: 

I. Heavy-Duty, Stainless-Steel Couplings: ASTM A 666, Type 304, stainless-steel 
housing or shield; and stainless-steel clamps. Include gasket. 

a. 

b. 

Clamp Width: 3 inches (75 mm) wide with 4 clamps, for piping I-1/2- to 4- 
inch NPS (DN40 to DN100). 
Clamp Width: 4 inches (I00 mm) wide with 6 clamps, for piping 5- to 10- 
inch NPS (DN125 to DN250). 

D. Transition Couplings: Coupling or other manufactured fitting same size as, with pres- 
sure rating at least equal to, and with ends compatible with piping to be joined. 

E. Flexible, Transition Couplings for Underground, Nonpressure Piping: ASTM C 1173 
with elastomeric sleeve. Include ends same sizes as piping to be joined and include 
corrosion-resistant metal band on each end. 
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SECTION 151 50 
DRAINAGE AND VENT PIPING 

1. Sleeve Type for Plain-End Piping: Rubber or elastomeric sleeve and stainless- 
steel band assembly, fabricated to match outside diameters of piping to be 
joined. Include the following: 

a. 
b. 
c. 

d. 

Sleeves for Cast-iron Soil Piping: ASTM C 564 rubber. 
Sleeves for Plastic Piping: ASTM F 477 elastomeric seal. 
Sleeves for Dissimilar Piping: 
joined. 
Bands: Stainless steel, one at each pipe insert. 

Compatible with piping materials to be 

2. Gasket Type for Dissimilar-End Piping: Rubber or elastomeric compression gas- 
ket, made to match inside diameter of pipe or hub, and outside diameter of ad- 
joining pipe. Include the following: 

a. 
b. 
c. 

Gaskets for Cast-Iron Soil Piping: ASTM C 564 rubber. 
Gaskets for Plastic Piping: ASTM F 477 elastomeric seal. 
Gaskets for Dissimilar Piping: 
joined. 

Compatible with piping materials to be 

2.4 VALVES 

A. Referto Division 15 Section "Valves" for general-duty valves. Use valves specified for 
"Domestic Water Systems" applications. 

PART 3 - EXECUTION 

3.1 

A. 

3.2 

A. 

B. 

C. 

D. 

EXCAVATION 

Refer to Division 2 Section "Earthwork" for excavating, trenching, and backfilling. 

PIPING APPLICATIONS 

Transition and special fittings with pressure ratings at least equal to piping pressure 
rating may be used in applications below, unless otherwise indicated. 

Flanges may be used on aboveground piping, unless otherwise indicated. 

Force-Main Piping: Use Type K hard copper tube, copper fittings, and soldered joints. 

Aboveground, Soil, Waste, and Vent Piping: Use the following: 

I. 

2. 

3. 

1-114- and 1-1/2-lnch NPS (DN32 and DN40): PVC plastic pipe, PVC socket fit- 
tings, and solvent-cemented joints. 
2- to 4-Inch NPS (DN50 to DNIOO): PVC plastic pipe, PVC socket fittings, and 
solvent-cemented joints. 
5- and 6-Inch NPS (DN125 and DN150): PVC plastic pipe, PVC socket fittings, 
and solvent-cemented joints. 

- 
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SECTION 151 50 
DRAINAGE AND VENT PIPING 

E. 

3.3 

A. 

B. 

3.4 

A. 

3.5 

A. 

B. 

C. 

D. 

E. 

Underground, Soil, Waste, and Vent Piping: Use the following: 
I. 

2. 

3. 

4. 

1-1/2-lnch NPS (DN40): PVC plastic pipe, PVC socket fittings, and solvent- 
cemented joints. 
2- to 4-Inch NPS (DN50 to DN100): PVC plastic pipe, PVC socket fittings, and 
solvent-cemented joints. 
5- and 6-Inch NPS (DN125 and DN150): PVC plastic pipe, PVC socket fittings, 
and solvent-cemented joints. 
8-Inch NPS (DN200): PVC plastic pipe, PVC socket fittings, and solvent- 
cemented joints. 

VALVE APPLICATIONS 

Drawings indicate valve types to be used. Where specific valve types are not indi- 
cated, the following requirements apply: 

1. 
2. 

Shutoff Duty: Use gate, ball, or butterfly valves. 
Throttling Duty: Use globe, ball, or butterfly valves. 

Grooved-end butterfly valves may be used with grooved-end piping. 

PIPING INSTALLATION, GENERAL 

Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping 
installation. 

SERVICE ENTRANCE PIPING INSTALLATION 

Refer to Division 2 Section "Sewerage and Drainage" for sanitary and storm sewer pip- 
ing. 

Extend building sanitary drain piping and connect to sanitary sewer piping in sizes and 
locations indicated for service entrances into building. Install cleanout and extension to 
grade at connections of building sanitary drains with building sanitary sewers. 

Extend building storm drain piping and connect to storm sewer piping in sizes and loca- 
tions indicated for service entrances into building. Install cleanout and extension to 
grade at connections of building storm drains and building storm sewers. 

Extend building sanitary drain, force-main piping and connect to sanitary sewer piping 
in size and location indicated for service entrance into building. Install cleanout, fitting 
with closure plug or equivalent, inside building. 

Extend building storm drain, force-main piping and connect to storm sewer piping in 
size and location indicated for service entrance into building. Install cleanout, fitting 
with closure plug or equivalent, inside building. 
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SECTION 151 50 
DRAINAGE AND VENT PIPING 

I 
I 

F. Install wall penetration system at each service entrance pipe penetration through foun- I 

3.6 DRAINAGE AND VENT PIPING INSTALLATION I 
dation wall. Make installation watertight. Refer to Division 15 Section "Basic Mechani- 
cal Materials and Methods" for wall penetration systems. 

A. Install cast-iron soil piping according to CISPl's "Cast Iron Soil Pipe and Fittings Hand- 
book," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings." I 

B. Make changes in direction for drainage and vent piping using appropriate branches, 
bends, and long-sweep bends. Sanitary tees and short-sweep 114 bends may be used 
on vertical stacks if change in direction of flow is from horizontal to vertical. Use long- 
turn, double Y-branch and l/8-bend fittings if 2 fixtures are installed back to back or 
side by side with common drain pipe. Straight tees, elbows, and crosses may be used 
on vent lines. Do not make change in direction of flow greater than 90 degrees. Use 
proper size of standard increasers and reducers if different sizes of piping are con- 
nected. Reducing size of drainage piping in direction of flow is prohibited. 

Lay buried building drain piping beginning at low point of each system. Install true to 
grades and alignment indicated, with unbroken continuity of invert. Place hub ends of 
piping upstream. Install required gaskets according to manufacturer's written instruc- 
tions for use of lubricants, cements, and other installation requirements. Maintain swab 

I 

I 
I 

C. 

I 
1 in piping and pull past each joint as completed. 
I 

D. Install drainage and vent piping at the following minimum slopes, unless otherwise in- 
d icated : 

I. Sanitary Building Drain: 2 percent downward in direction of flow for piping 3-inch 
NPS (DN80) and smaller; I percent downward in direction of flow for piping 4- 
inch NPS (DNIOO) and larger. 
Horizontal, Sanitary Drainage Piping: 2 percent downward in direction of flow. 
Storm Building Drain: 1 percent downward in direction of flow. 
Horizontal, Storm Drainage Piping: 2 percent downward in direction of flow. 
Vent Piping: I percent down toward vertical fixture vent or toward vent stack. 

-- ~- ---- - - -- - - -- ---I __ 

2. 
3. 
4. 
5. 

I 
I 

E. Sleeves are not required for cast-iron soil piping passing through concrete slab on 
grade if slab is without membrane waterproofing. I 

F. 

G. 

Install PVC plastic drainage piping according to ASTM D 2665. 

Install underground, PVC plastic drainage piping according to ASTM D 2321. 
I 
I 3.7 JOINT CONSTRUCTION 

I A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping 
joint construction. 

B. Cast-Iron, Soil-Piping Joints: Make joints according to CISPl's "Cast Iron Soil Pipe and 
Fittings Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings." I 
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SECTION 151 50 
DRAINAGE AND VENT PIPING 

C. 

D. 

E. 

3.8 

A. 

B. 

C. 

D: 

E. 

I. Compression Joints: Make with rubber gasket matching class of pipe and fit- 
tings. 

2. Hubless Joints: Make with rubber gasket and sleeve or clamp. 
Grooved Joints: Assemble joints with coupling, gasket, lubricant, and bolts according 
to coupling and fitting manufacturer's written instructions. 

PVC Piping Joints: Join drainage piping according to ASTM D 2665. 

Handling of Solvent Cements, Primers, and Cleaners: Comply with procedures in 
ASTM F 402 for safe handling during joining of plastic pipe and fittings. 

HANGER AND SUPPORT INSTALLATION 

Refer to Division 15 Section "Hangers and Supports" for pipe hanger and support de- 
vices. Install the following: 

1. 
2. 

3. 

4. 

5. 

6. 

Riser clamps, MSS Type 8 or Type 42, for vertical runs. 
Adjustable steel clevis hangers, MSS Type 1, for individual, straight, horizontal 
runs 100 feet (30 m) and less. 
Adjustable roller hangers, MSS Type 43, for individual, straight, horizontal runs 
longer than 100 feet (30 m). 
Spring cushion rolls, MSS Type 49, if indicated, for individual, straight, horizontal 
runs longer than I00 feet (30 m). 
Pipe rolls, MSS Type 44, for multiple, straight, horizontal runs 100 feet (30 m) or 
longer. Support pipe rolls on trapeze. 
Spring hangers, MSS Type 52, for supporting base of vertical runs. 

Install supports according to Division 15 Section "Hangers and Supports." 

Support vertical piping and tubing at base and at each floor. 

Rod diameter may be reduced one size for double-rod hangers, with 318-inch (10-mm) 
minimum rods. 

Install hangers for cast-iron soil piping with the following maximum spacing and mini- 
mum rod diameters: 

1. 1-112- and 2-Inch NPS (DN40 and DN50): Maximum horizontal spacing, 60 
inches (1500 mm) with 3/8-inch (10-mm) minimum rod diameter; maximum verti- 
cal spacing, 15 feet (4.5 m). 
3-Inch NPS (DN80): Maximum horizontal spacing, 60 inches (1500 mm) with 
112-inch (1 3-mm) minimum rod diameter; maximum vertical spacing, 15 feet 
(4.5 m). 
4- and 5-Inch NPS (DN100 and DN125): Maximum horizontal spacing, 60 inches 
(1 500 mm) with 5/8-inch (1 6-mm) minimum rod diameter; maximum vertical 
spacing, 15 feet (4.5 m). 
6-Inch NPS (DN150): Maximum horizontal spacing, 60 inches (1500 mm) with 
3/4-inch ( I  9-mm) minimum rod diameter; maximum vertical spacing, 15 feet 
(4.5 m). 

2. 

3. 

4. 
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SECTION 151 50 
DRAINAGE AND VENT PIPING 

5. 8- through 12-Inch NPS (DN200 through DN300): Maximum horizontal spacing, 
60 inches (1500 mm) with 7/8-inch (22-mm) minimum rod diameter; maximum 
vertical spacing, 15 feet (4.5 m). 
15-Inch NPS (DN375): Maximum horizontal spacing, 60 inches (1500 mm) with 
1 -inch (25-mm) minimum rod diameter; maximum vertical spacing, 15 feet 
(4.5 m). 
Spacing for horizontal pipe in IO-foot (3-m) lengths may b e  increased to 10 feet 
(3 m). Spacing for fittings is limited to 60 inches (1500 mm). 

6. 

7. 

F. 

_G . 

3.9 

A. 

B. 

3.10 

A. 

Install hangers for PVC plastic piping with the following maximum spacing and mini- 
mum rod diameters: 

1. 1-1/2- and  2-Inch NPS (DN40 and  DN50): Maximum horizontal spacing, 48 
inches (1200 mm) with 3/8-inch (10-mm) minimum rod diameter; maximum verti- 
cal spacing, 48 inches (1200 mm). 
4- and 5-Inch NPS (DN100 and DN125): Maximum horizontal spacing, 48 inches 
(1 200 mm) with 5/8-inch (I 6-mm) minimum rod diameter; maximum vertical 
spacing, 48 inches (1200 mm). 
6-Inch NPS (DN150): Maximum horizontal spacing, 48 inches (1200 mm) with 
3/4-inch (I 9-mm) minimum rod diameter; maximum vertical spacing, 48 inches 
(1 200 mm). 
8- through 12-Inch NPS (DN200 through DN300): Maximum horizontal spadng,  
48 inches (1200 mm) with 7/8-inch (22-mm) minimum rod diameter; maximum 
vertical spacing, 48 inches (1200 mm). 

2. 

3. 

4. 

Support  piping and tubing not listed-above- according--to- MSS SP-69 and manufac- 
turer's written instructions. 

CONNECTIONS 

Connect service entrance piping to exterior sewerage and drainage piping. Use transi- 
tion fitting to join dissimilar piping materials. 

Connect drainage piping to service entrance piping, and extend to and connect to the 
following: 

I. Plumbing Fixtures: Connect drainage piping in sizes indicated, but not smaller 
than required by plumbing code. Refer to Division 15 Section "Plumbing Fix- 
tures." 
Plumbing Specialties: Connect drainage and vent piping in sizes indicated, but 
not smaller than required by plumbing code. Refer to Division 15 Section 
"Plumbing Specialties." 

3. Equipment: Connect drainage piping as indicated. Provide shutoff valve, if indi- 
cated, and  union for each connection. Use flanges instead of unions for connec- 
tions 2-1/2-inch NPS (DN65) and larger. 

2. 

FIELD QUALITY CONTROL 

Inspect drainage and vent piping as follows: 
- -_ - -  - -  
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SECTION 151 50 
DRAINAGE AND VENT PIPING 

1. 

2. 

Do not enclose, cover, or put piping into operation until it is inspected and ap- 
proved by authorities having jurisdiction. 
During installation, notify authorities having jurisdiction at least 24 hours before 
inspection must be made. Perform tests specified below in presence of authori- 
ties having jurisdiction. 

a. 

b. 

Roughing-In Inspection: Arrange for inspection of piping before concealing 
or closing-in after roughing-in and before setting fixtures. 
Final inspection: Arrange for final inspection by authorities having jurisdic- 
tion to observe tests specified below and to ensure compliance with re- 
quirements. 

3. 

4. 

Reinspection: If authorities having jurisdiction find that piping will not pass test or 
inspection, make required corrections and arrange for reinspection. 
Reports: Prepare inspection reports and have them signed by authorities having 
jurisdiction. 

B. Test drainage and vent piping according to procedures of authorities having jurisdiction 
or, in absence of published procedure, as follows: 

1. Test for leaks and defects in new piping and parts of existing piping that have 
been altered, extended, or repaired. If testing is performed in segments, submit 
separate report for each test, complete with diagram of portion of piping tested. 
Leave uncovered and unconcealed new, altered, extended, or replaced drainage 
and vent piping until it has been tested and approved. Expose work that has 
been covered or concealed before it has been tested and approved. 
Roughing-In Plumbing Test Procedure: Test drainage and vent piping, except 
outside leaders, on completion of roughing-in. Close openings in piping system 
and fill with water to point of overflow, but not less than 10 feet of head (30 kPa). 
Water level must not drop from 15 minutes before inspection starts through com- 
pletion of inspection. Inspect joints for leaks. 
Finished Plumbing Test Procedure: After plumbing fixtures have been set and 
traps filled with water, test connections and prove they are gastight and water- 
tight. Plug vent-stack openings on roof and building drains where they leave 
building. Introduce air into piping system equal to pressure of l-inch wg 
(250 Pa). Use U-tube or manometer inserted in trap of water closet to measure 
this pressure. Air pressure must remain constant without introducing additional 
air throughout period of inspection. Inspect plumbing fixture connections for gas 
and water leaks. 

5. . Repair leaks and defects using new materials and retest piping or portion thereof 
until satisfactory results are obtained. 

6. Prepare reports for tests and required corrective action. 

2. 

3. 

4. 
. 

3.1 1 CLEANING AND PROTECTING 

A. Clean interior of piping system. Remove dirt and debris as work progresses. 

B. Protect drains during remainder of construction period to avoid clogging with dirt and 
debris and to prevent damage from traffic and construction work. 
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SECTION 151 50 
DRAINAGE AND VENT PIPING 

C. 
D. 

Place plugs in endsof uncompleted piping at end of day and when work stops. 
Exposed PVC Piping: Protect plumbing vents exposed to sunlight with 2 coats of wa- 
ter-based latex paint. 

END OF SECTION 15420 
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SECTION 151 55 - DRAINAGE PIPING SPECIALTIES 

PART 1 - GENEWL 

1.01 RELATED DOCUMENTS 

SECTION 151 55 
DRAINAGE PIPING SPECIALTIES 

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 drainage piping specialties: 
1. 
2. Cleanouts. 
3. Floor drains. 
4. Trench drains. 
5. Roof flashing assemblies. 
6. Through-penetration firestop assemblies. 
7. Miscellaneous drainage piping specialties. 

I .03 DEFINITIONS 

A. HDPE: High-density polyethylene plastic. 

B. PE: Polyethylene plastic. 

C. PP: Polypropylene plastic. 

D. PVC: Polyvinyl chloride plastic. . 

1.04 SUBMITTALS 

A. Product Data: For each type of product indicated. Include rated capacities, 

B. Field quality-control test reports. 

C. 

operating characteristics, and accessories. 

Operation and Maintenance Data: For drainage piping specialties to include in 
emergency, operation, and maintenance manuals. 

1.05 

A. 

1.06 QUALITY ASSURANCE 

A. Drainage piping specialties shall bear label, stamp, or other markings of specified 
testing agency. 
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DRAINAGE PIPING SPECIALTIES 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined 
in NFPA 70, Article 100, by a testing agency acceptable to authorities having 
jurisdiction, and marked for intended use. 

Comply with NSF 14, "Plastics Piping Components and Related Materials," for 
plastic sanitary and storm piping specialty components. 

C. 

1.07 COORDINATION 

A. Coordinate size and location of roof penetrations. 

B. 

C. 

PART 2 - PRODUCTS 

2.01 CLEANOUTS 

A. Exposed Metal Cleanouts: 
1. 
2. Basis-of-Design Product: Subject to compliance with requirements, 

provide the product indicated on Drawings or a comparable product by 
one of the following: 
a. 
b. _____ Josam __ . - Company; - __ Josam __ __- Div. . . -  

c. Watts Drainage Products Inc. 
d. 
Standard: ASME A I  12.36.2M for cast iron for cleanout test tee. 
Size: Same as connected drainage piping 
Body Material: Hubless, cast-iron soil pipe test tee as required to match 
connected piping. 
Closure Plug Size: Same as or not more than one size smaller than 
cleanout size. 

Zurn Plumbing Products Group; Specification Drainage Operation. 
3. 
4. 
5. 

6. 

B. Metal Floor Cleanouts: 
1. 
2. Basis-of-Design Product: Subject to compliance with requirements, 

provide the product indicated on Drawings or a comparable product by 
one of the following: 
a. Josam Company; Josam Div. 
b. 
c. Watts Drainage Products Inc. 
d. 

cleanout. 

Frame and Cover Material and Finish: Nickel-bronze, copper alloy. 
Top Loading Classification: Heavy Duty. 

Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 

Zurn Plumbing Products Group; Specification Drainage Operation. 
3. Standard: ASME A I  12.36.2M for heavy-duty, adjustable housing 

4. Size: Same as connected branch. 
5. 
6. 

C. 
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DRAINAGE PIPING SPECIALTIES 

I 

E. Cast-Iron Wall Cleanouts: 
1. 
2. Basis-of-Design Product: Subject to compliance with requirements, 

provide the product indicated on Drawings or a comparable product by 
one of the following: 
a. Josam Company; Josam Div. 
b. 
c. Watts Drainage Products Inc. 
d. 

3. Standard: ASME A I  12.36.2M. Include wall access. 
4. Size: Same as connected drainage piping. 
5. Body: Hubless, cast-iron soil pipe test tee as required to match 

connected piping. 
6. Closure: Countersunk or raised-head, brass plug. 
7. Closure Plug Size: Same as or not more than one size smaller than 

cleanout size. 
8. Wall Access: Round, flat, chrome-plated brass or stainless-steel cover 

plate with screw. 

Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 

Zurn Plumbing Products Group; Specification Drainage Operation. 

2.02 FLOOR DRAINS 

A. Cast-Iron Floor Drains: 
.I. FD-1: Lacquered cast iron body with double drainage flange, weep holes, 

combined two piece body reversible clamping device and adjustable 7 
inch diameter nickel-bronze strainer, as manufactured by Zurn, Model Z- 
415, 3", or as manufactured by Josam, Wade, or Smith. 
FD-2: 12 inch diameter top heavy duty lacquered cast iron body with 
bottom outlet seepage pan and heavy duty cast iron anti-tilt slotted grate, 
manufactured by Zurn, Model 2-505, 4", or as manufactured by Josam, 
Wade, or Smith.Basis-of-Design Product: Subject to compliance with 
requirements, provide the product indicated on Drawings or a comparable 
product by one of the following: 

2. 

3. Standard: ASME A I  12.6.3. 

2.03 TRENCH DRAINS 

A. Plastic Channel Drainage Systems: 
1. Basis of Design: Subject to compliance with requirements, provide the 

following or a comparable product: 
a. Zurn Plumbing Products Group, model 2874-12-GDF 

2. Type: Modular system of channel sections, grates, and appurtenances; 
designed so grates fit into channel recesses without rocking or rattling. 
a. Channel Sections: Interlocking-joint, HDPE modular units, with 

end caps. Include flat, rounded, or inclined bottom, with level 
invert and with outlets in number, sizes, and locations indicated. 

1) Dimensions: 12 inches (402 rnm) wide. Include number of units required to 

Grates: With slots and widths and thickness that fit recesses in 
channel sections. 

form total lengths indicated. 
b. 

1) Material: Galvanized Ductile Iron-slotted. 
2) DIN Rating: Class F 
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DRAINAGE PIPING SPECIALTIES 

3) ANSI Load Rating: Heavy Duty for heavy vehicle and truck traffic 
C. Supports, Anchors, and Setting Devices: Manufacturer's 

d. Channel-Section Joining and Fastening Materials: As recommended by 
standard, unless otherwise indicated. 

system manufacturer. 

2.04 ROOF FLASHING ASSEMBLIES 

A. Roof Flashing Assemblies: 
I. 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: 
a. 
b. Thaler Metal Industries Ltd. 

Acorn Engineering Company; Elmdor/Stoneman Div. 

B. Description: Manufactured assembly made of 6.0-lb/sq. W. (30-kglsq. m), 0.0938-inch- (2.4-mm-) 
thick, lead flashing collar and skirt extending at least 8 inches (200 mm) from pipe, with galvanized- 
steel boot reinforcement and counterflashing fitting. 
1. 
2. Low-Silhouette Vent Cap: With vandal-proof vent cap. 

2.05 THROUGH-PENETRATION FIRESTOP ASSEMBLIES 

A. Through-Penetration Firestop Assemblies: 
1. Available Manufacturers: Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work 

a. - ProSet Systems Inc. 
Standard: UL 1479 assembly of sleeve and stack fitting with firestopping 
Plug. 

__ 
-- -include;-but-are-not-limited-to;-the-followingj- - - -- ~ 

__ __ - - --- - - - 

2. 

3. Size: Same as connected soil, waste, or vent stack. 
4. Sleeve: Molded PVC plastic, of length to match slab thickness and with 

integral nailing flange on one end for installation in cast-in-place concrete 
slabs. 
Stack Fitting: ASTM A 481A 48M, gray-iron, hubless-pattern, wye branch 
with neoprene O-ring at base and gray-iron plug in thermal-release 
harness. Include PVC protective cap for plug. 
Special Coating: Corrosion resistant on interior of fittings. 

5. 

6. 

2.06 MISCELLANEOUS DRAINAGE PIPING SPECIALTIES 

A. Air-Gap Fittings: 
Standard: ASME A I  12.1 2, for fitting designed to ensure fixed, positive 
air gap between installed inlet and outlet piping. 
Body: Bronze or cast iron. 
Inlet: Opening in top of body. 

Size: Same as connected waste piping and with inlet large enough for 
associated indirect waste piping. 

1. 

2. 
3. 
4. Outlet: Larger than inlet. 
5. 

B. Floor-Drain, Trap-Seal Primer Fittings: 
_ _  - - 1. - 
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SECTION 151 55 
DRAINAGE PIPING SPECIALTIES 

C. 

D. 

E. 

2. 

3. 

Downspout Boots: 
1. 
2. 

Description: Cast iron, with threaded inlet and threaded or spigot outlet, 
and trap-seal primer valve connection. 
Size: Same as floor drain outlet with NPS 1/2 (DN 15) side inlet. 

Description: Manufactured, ASTM A 481A 48M, gray-iron casting, with strap or ears  for 
attaching to  building; NPS 4 (DN 100) outlet; and shop-applied bituminous 
coating. 
Size: Inlet size to match downspout. 3. 

Conductor Nozzles: 
1. 
2. Description: Bronze body with threaded inlet and bronze wall flange with 

mounting holes, Zurn Z-199 or equal. 
3. Size: Same as connected conductor. 

Stack Flashing Fittings: 
1. Description: Counterflashing-type, cast-iron fitting, with bottom recess for 

terminating roof membrane, and with threaded or hub top for extending 
vent pipe. 

2. Size: Same as connected stack vent or vent stack. 

PART 3 - EXECUTION 

3.0 1 IN STALLATI 0 N 

A. 

B. 

Refer to Division 15 Section "Basic Mechanical Materials and Methods" for piping 
joining materials, joint construction, and basic installation requirements. 

Install cleanouts in aboveground piping and building drain piping according to the 
following, unless otherwise indicated: 
1. Size same as drainage piping up to NPS 4 (DN loo). Use NPS 4 (DN loo)  for 

larger drainage piping unless larger cleanout is indicated. 
2. Locate at each change in direction of piping greater than 45 degrees. 
3. Locate at minimum inten,& of 50 feet (15 m) for piping NPS 4 (DN 100) and 

smaller and '100 feet (30 m) for larger piping. 
4. Locate at base of each vertical soil and waste stack. 

For floor cleanouts for piping below floors, install cleanout deck plates with top 
flush with finished floor. 

For cleanouts located in concealed piping, install cleanout wall access covers, of 
types indicated, with frame and cover flush with finished wall. 

Install floor drains at low points of surface areas to be drained. Set grates of 
drains flush with finished floor, unless otherwise indicated. 
1. 
2. 

C. 

D. 

E. 

Position floor drains for easy access and maintenance. 
Set floor drains below elevation of surrounding finished floor to allow floor 
drainage. Set with grates depressed according to the following drainage 
area radii: 
a. Radius, 30 Inches (750 mm) or Less: Equivalent to I percent slope, 

but not less than 1/4-inch (6.35-mm) total depression. 
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F. 

G. 

H. 

I. 

J. 

K. 

N. 

0. 

P. 

Q. 

b. Radius, 30 to 60 Inches (750 to 1500 mm): Equivalent to 1 percent slope. 
C. Radius, 60 Inches (1500 mm) or Larger: Equivalent to 1 percent slope, but not 

greater than 1 -inch (25-mm) total depression. 
Install floor-drain flashing collar or flange so no leakage occurs between 
drain and adjoining flooring. Maintain integrity of waterproof membranes 
where penetrated. 

4. Install individual traps for floor drains connected to sanitary building drain, 
unless otherwise indicated. 

Install roof flashing assemblies on sanitary stack vents and vent stacks that 
extend through roof. 

Install flashing fittings on sanitary stack vents and vent stacks that extend 
through roof. 

Install through-penetration firestop assemblies in plastic conductors and stacks at 
floor penetrations. 

Assemble open drain fittings and install with top of hub 1 inch (25 mm) above floor. 

Install deep-sea1 traps on floor drains and other waste outlets, if indicated. 

Install floor-drain, trap-seal primer fittings on inlet to floor drains that require trap- 
seal primer connection. 
I. 
2. Size: Same as floor drain inlet. 

-~ Install air-gap -- __ fittings -- on draining-type backflow ppventers and on indirect-waste 
piping discharge into sanitary drainage system. 

Install sleeve flashing device with each riser and stack passing through floors 
with waterproof membrane. 

Install expansion joints on vertical stacks and conductors. Position expansion 
joints for easy access and maintenance. 

Install wood-blocking reinforcement for wall-mounting-type specialties. 

Install traps on plumbing specialty drain outlets. Omit traps on indirect wastes 
unless trap is indicated. 

Install escutcheons at wall, floor, and ceiling penetrations in exposed finished 
locations and within cabinets and millwork. Use deep-pattern escutcheons if 
required to conceal protruding pipe fittings. 

3. 

Exception: Fitting may be omitted if trap has trap-seal primer connection. 

3.02 CONNECTIONS 

A. 

B. 
C. 

Piping installation requirements are specified in other Division 15 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 

Install piping adjacent to equipment to allow service and maintenance. 

Grease Interceptors: Connect inlet 
fitting and vent to unit inlet piping. 
type unit. 

__ . -  __ 

and outlet to unit, and connect flow-control 
Install valve on outlet of automatic drawoff- 

I 
I 
I 
I 
I 
I 
I 
I 
I 

- -I 
I 
I 
I 
I 
I 
I ’  
I 

_ _  I - 
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DRAINAGE PIPING SPECIALTIES 

3.03 PROTECTION 

A. Protect drains during remainder of construction period to avoid clogging with dirt 
or debris and to prevent damage from traffic or construction work. 

Place plugs in ends of uncompleted piping at end of each day or when work 
stops. 

B. 

3.04 

END OF SECTION 15155 
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MOTORS 

SECTION 151 70 - MOTORS 

PART 1 - GENERAL 

1 .I 

A. 

1.2 

A. 

B. 

1.3 

A. 

B. 

C. 

I .4 

A. 

B. 

RELATED DOCUMENTS 

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

SUMMARY 

This Section includes basic requirements for factory-installed and field-installed motors. 

Related Sections include the following: 

1. Division 15 Sections for application of motors and reference to specific motor 
requirements for motor-driven equipment. 

SUBMITTALS 

Product Data: Show nameplate data and ratings; characteristics; mounting 
arrangements; size and location of winding termination lugs, conduit entry, and 
grounding lug; and coatings. 

Factory Test Reports: For specified tests. 

Field Test Reports: Indicate and interpret test results for compliance with performance 
requirements. 

QUALITY ASSURANCE 

Comply with NFPA 70. 

Listing and Labeling: 
labeled. 

Provide motors specified in this Section that are listed and 

I. Terms "Listed and Labeled": As defined in the National Electrical Code, 
Article 100. 

PART 2 - PRODUCTS 

2. I BASIC MOTOR REQUIREMENTS 

A. Basic requirements apply to mechanical equipment motors, unless otherwise indicated. 
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MOTORS 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

2.2 

A. 

Motors 1/2 HP and Larger: Polyphase. 

Motors smaller than 1/2 HP: Single phase. 

Frequency Rating: 60 Hz. 

Voltage Rating: Determined by voltage of circuit to which motor is connected. 

Service Factor: According to NEMA MG 1, unless otherwise indicated. 

Capacity and Torque Characteristics: Rated for continuous duty and sufficient to start, 
accelerate, and operate connected loads at designated speeds, in indicated 
environment, with indicated operating sequence, and without exceeding nameplate 
ratings or considering service factor. 

Enclosure: Open drip proof, unless otherwise indicated. 

POLYPHASE MOTORS 

Description: NEMA MG 1, medium induction motor. 

1. Design Characteristics: NEMA MG 1, Design B, unless otherwise indicated. 
2. Energy-Efficient Design: Where indicated. 
3. Stator: Copper windings, unless otherwise indicated. Multispeed motors have 

___ -- - --separate-winding-for-each-speed .-- _ _ _ ~  - 

4. 
5. Bearings: Double-shielded, prelubricated ball bearings suitable for radial and 

6. 
7. Insulation: Class F, unless otherwise indicated. 

Rotor: Squirrel cage, unless otherwise indicated. 

thrust loading. 
Temperature Rise: Match insulation rating, unless otherwise indicated. 

B. Motors Used with Reduced-Inrush Controllers: Match wiring connection requirements 
for indicated controller, with required motor leads brought to motor terminal box to suit 
control method. 

C. Motors Used with Variable-Frequency Controllers: Ratings, characteristics,' and 

I 

I 
I 
I 
I 

I 

features coordinated with and approved by controller manufacturer. 

1. Critical vibration frequencies are not within operating range of controller output. 
2. Temperature Rise: Match rating for Class B insulation. 
3. Insulation: Class H. 
4. Thermal Protection: Where indicated, conform to NEMA MG I requirements for 

thermally protected motors. 

D. Rugged-Duty Motors: Where indicated, motors are totally enclosed with 1.25 minimum 
service factor, greased bearings, integral condensate drains, and capped relief vents. 
Windings are insulated with nonhygroscopic material. External finish is chemical- 
resistant paint over corrosion-resistant primer. I 
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MOTORS 

E. 

2.3 

A. 

B. 

C. 

D. 

Source Quality Control: Perform the following routine tests according to NEMA MG 1 : 
1. Measurement of winding resistance. 
2. 
3. 
4. High-potential test. 
5. Alignment. 

No-load readings of current and speed at rated voltage and frequency. 
Locked rotor current at rated frequency. 

SINGLE-PHASE MOTORS 

Type: As indicated or selected by manufacturer from one of the following, to suit 
starting torque and other requirements of specific motor application. 

1. Permanent-split capacitor. 
2. Split-phase start, capacitor run. 
3. Capacitor start, capacitor run. 

Shaded-Pole Motors: Do not use, unless motors are smaller than 1/20 hp. 

Thermal Protection: Where indicated or required, internal protection automatically 
opens power supply circuit to motor when winding temperature exceeds a safe value 
calibrated to temperature rating of motor insulation. Thermal protection device 
automatically resets when motor temperature returns to normal range, unless 
otherwise indicated. 

Bearings: Ball-bearing type for belt-connected motors and other motors with high 
radial forces on motor shaft. Sealed, prelubricated sleeve bearings for other single- 
phase motors. 

PART 3 - EXECUTION 

3. I AD JUST1 NG 

A. 

B. 

C. 

Use adjustable motor mounting bases for belt-driven motors. 

Align pulleys and install belts. 

Tension according to manufacturer's written instructions. 

END OF SECTION 151 70 
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SECTION 15181 - HYDRONIC PIPING 

PART I - GENERAL 

SECTION 151 81 
HYDRONIC PIPING 

I .I 

A. 

1.2 

A. 

B. 

I .3 

A. 

B. 

C. 

1.4 

A. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and Supplemen- 
tary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes piping, special-duty valves, and hydronic specialties for geother- 
mal water systems; makeup water for these systems; blowdown drain lines; and con- 
densate drain piping. 

Related Sections include the following: 

1. 

2. 

3. 

Division 7 Section "Joint Sealants" for materials and methods for sealing pipe 
penetrations through exterior walls. 
.Division 15 Section "Basic Mechanical Materials and Methods" for general piping 
materials and installation requirements. 
Division 15 Section "Hangers and Supports" for pipe supports, product descrip- 
tions, and installation requirements. Hanger and support spacing is specified in 
this Section. 
Division 15 Section "Valves" for general-duty gate, globe, ball, butterfly, and 
check valves. 
Division 15 Section "Meters and Gages" for thermometers, flow meters, and 
pressure gages. 
Division 15 Section "Hydronic Pumps" for pumps, motors, and accessories for 
hydronic piping. 
Division 15 Section "HVAC Instrumentation and Controls" for temperature-control 
valves and sensors. 

4. 

5. 

6. 

7. 

DEFINITIONS 

CPVC: Chlorinated polyvinyl chloride. 

PVC: Polyvinyl chloride. 

PE: Polyethylene 

SUBMITTALS 

Product Data: For each type of special-duty valve indicated. Include flow and pres- 
sure drop curves based on manufacturer's testing for diverting fittings, calibrated bal- 
ancing valves, and automatic flow-control valves. 
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B. 

C. 

D. 

1.5 

A. 

1.6 

A. 

B. 

C. 

D. 

E. 

F. 

I .7 

A. 

SECTION 151 81 
HYDRONIC PIPING 

Shop Drawings: Detail fabrication of pipe anchors, hangers, special pipe support as- 
semblies, alignment guides, expansion joints and loops, and their attachment to the 
building structure. Detail location of anchors, alignment guides, and expansion joints 
and loops. 

Field Test Reports: Written reports of tests specified in Part 3 of this Section. Include 
the following: 

1. Test procedures used. 
2. 
3. 

Test results that comply with requirements. 
Failed test results and corrective action taken to achieve requirements. 

Maintenance Data: For hydronic specialties and special-duty valves to include in main- 
tenance manuals specified in Division 1. 

QUALITY ASSURANCE 

ASME Compliance: Comply with ASME 831.9, "Building Services Piping," for materi- 
als, products, and installation. Safety valves and pressure vessels shall bear the ap- 
propriate ASME label. Fabricate and stamp air separators and expansion tanks to 
comply with the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1. 

COORDINATION 

Coordinate layout and installation of hydronic piping and suspension system compo- 
nents with other construction, including light fixtures, HVAC equipment, fire- 
suppression-system components, and partition assemblies. 

~ ~ ___-- ~ ~- - - 

Coordinate pipe sleeve installations for foundation wall penetrations. 

Coordinate piping installation with roof curbs, equipment supports, and roof penetra- 
tions. Roof specialties are specified in Division 7 Sections. 

Coordinate pipe fitting pressure classes with products specified in related Sections. 

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into base. 
Concrete, reinforcement, and formwork requirements are specified in Division 3 Sec- 
tions. 

Coordinate installation of pipe sleeves for penetrations through exterior walls and floor 
assemblies. Coordinate with requirements for firestopping specified in Division 7 Sec- 
tion "Through-Penetration Firestop Systems" for fire and smoke wall and floor assem- 
blies. 

EXTRA MATERIALS 

Water Treatment Chemicals: Furnish sufficient chemicals for initial system startup and 
for preventive maintenance for one year from date of Substantial Completion. 

- - _  ._ - _- 

I 
I 
I 
I 
I 
I 
I 
I 
I 

-I 
I 
I 
I 
I 
I 
I 
I 

- l -  
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

SECTION 151 81 
HYDRONIC PIPING 

A. Available Manufacturers: Subject to compliance with requirements, manufacturers of- 
fering products that may be incorporated into the  Work include, but a r e  not limited to, 
the following: 

1. Grooved Mechanical-Joint Fittings and Couplings: 

a. 
b. Grinnell Corporation. 
c. Victaulic Company of America. 

Central Sprinkler Company; Central Grooved Piping Products. 

2. Calibrated Balancing Valves: 

a. Armstrong Pumps, Inc. 
b. Griswold Controls. 
c. 
d. Taco, Inc. 

ITT Bell & Gossett; ITT Fluid Technology Corp. 

3. Pressure-Reducing Valves: 

a. Amtrol, Inc. 
b. Armstrong Pumps, Inc. 
c. Conbraco Industries, lnc. 
d. 
e. 

ITT Bell & Gossett; 17-7 Fluid Technology Corp. 
Watts Industries, Inc.; Watts Regulators. 

4. Safety Valves: 

a. Amtrol, Inc. 
b. Armstrong Pumps, Inc. 
c. Conbraco Industries, Inc. 
d. ITT McDonnell & Miller Div.; ITT Fluid Technology Corp. 

5. Automatic Flow-Control Valves: 

a. Flow Design, Inc. 
b. Griswold Controls. 

6. Expansion Tanks: 

a. Amtrol, Inc. 
b. Armstrong Pumps, Inc. 
c. 
d. Taco, Inc. 

ITT Bell & Gossett; ITT Fluid Technology Corp. 
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2.2 

A. 

2.3 

A. 

B. 

C. 

E. 

F. 

G. 

H. 

7. Air Separators and Air Purgers: 

a. Amtrol, Inc. 
b. Armstrong Pumps, Inc. 
c. 
d. Taco, Inc. 

ITT Bell & Gossett; ITT Fluid Technology Corp. 

SECTION 151 81 
HYDRONIC PIPING 

PIPING MATERIALS 

General: Refer to Part 3 "Piping Applications" Article for applications of pipe and fitting 
materials. 

STEEL PIPE AND FITTINGS 

Steel Pipe: 
thickness as indicated in Part 3 "Piping Applications" Article. 

ASTM A53/A53M, black steel with plain ends; type, grade, and wall 

Cast-Iron Threaded Fittings: ASME B16.4; Classes 125 and 250 as indicated in Part 3 
"Piping Applications" Article. 

Malleable-Iron Threaded Fittings: ASME B16.3, Classes 150 and 300 as indicated in 
Part 3 "Piping Applications" Article. 

Malleable-Iron Unions: ASME B16.39;-Classes-l50,-250,-and-300-as indicated in-Part-3 
"Piping Applications" Article. 

Cast-iron Pipe Flanges and Flanged Fittings: ASME B16.1, Classes 25, 125, and 250; 
raised ground face, and bolt holes spot faced as indicated in Part 3 "Piping Applications" 
Article. 

Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe. 

Wrought Cast- and Forged-Steel Flanges and Flanged Fittings: ASME B16.5, including 
bolts, nuts, and gaskets of the following material group, end connections, and facings: 

1. Material Group: 1.1. 
2. End Connections: Butt welding. 
3. Facings: Raised face. 

Grooved Mechanical-Joint Fittings and Couplings: 

1. 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: 

a. Anvil International, Inc. 
b. 
c. Victaulic Company of America. 

Central Sprinkler Company; a division of Tyco Fire & Building Products. 
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HYDRONIC PIPING 

I. 

2.4 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

2.5 

A. 

2.6 

A. 

B. 

C. 

2. Joint Fittings: ASTM A 536, Grade 65-45-12 ductile iron; ASTM A 47/A 47M, 
Grade 32510 malleable iron; ASTM A 53/A 53M, Type F, E, or S, Grade B 
fabricated steel; or ASTM A 106, Grade B steel fittings with grooves or shoulders 
constructed to accept grooved-end couplings; with nuts, bolts, locking pin, locking 
toggle, or lugs to secure grooved pipe and fittings. 
Couplings: Ductile- or malleable-iron housing and synthetic rubber gasket of 
central cavity pressure-responsive design; with nuts, bolts, locking pin, locking 
toggle, or lugs to secure grooved pipe and fittings. 

3. 

Steel Pipe Nipples: ASTM A 733, made of same materials and wall thicknesses as 
pipe in which they are installed. 

COPPER TUBE AND FITTINGS 

Drawn-Temper Copper Tubing: ASTM B 88, Type L (ASTM B 88M, Type B). 

Annealed-Temper Copper Tubing: ASTM B 88, Type K (ASTM B 88M, Type A). 

DWV Copper Tubing: ASTM B 306, Type DWV. 

Wrought-Copper Fittings: ASME B I  6.22. 

Wrought-Copper Unions: ASME B16.22. 

Solder Filler Metals: ASTM B 32, 95-5 tin antimony. 

Brazing Filler Metals: AWS A5.8, Classification BAg-1 (silver). 

PLASTIC PIPE AND FITTINGS 

PE Pipe: ASTM D 2239, SlDR Numbers 5.3, 7, 9, or 11.5; with PE compound number 
required to achieve required system working pressure. 

1. Molded PE Fittings: ASTM D 2683 or ASTM D 3261, PE resin, socket- or butt- 
fusion type, made to match PE pipe dimensions and class. 

VALVES 

Gate, globe, check, ball, and butterfly valves are specified in Division 15 Section 
"Valves .I1 

Refer to Part 3 "Valve Applications" Article for applications of each valve. 

Calibrated Balancing Valves, NPS 2 (DN 50) and Smaller: Bronze body, ball type, 
125-psig (860-kPa) working pressure, 250 deg F (121 deg C) maximum operating tem- 
perature, and having threaded ends. Valves shall have calibrated orifice or venturi; 
connections for portable differential pressure meter with integral seals, and be 
equipped with a memory stop to retain set position. 
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I 

I 

SECTION 15181 
HYDRONIC PIPING 

D. 

E. 

F. 

G. 

2.7 

A. 

B. 

C. 

Calibrated Balancing Valves, NPS 2-1/2 (DN 65) and Larger: Cast-iron or steel body, 
ball type, 125-psig (860-kPa) working pressure, 250 deg F (121 deg C) maximum op- 
erating temperature, and having flanged or grooved connections. Valves shall have 
calibrated orifice or venturi; connections for portable differential pressure meter with ,in- 
tegral seals, and be equipped with a memory stop to retain set position. 

Pressure-Reducing Valves: Diaphragm-operated, bronze or brass body with low inlet 
pressure check valve, inlet strainer removable without system shutdown, and noncor- 
rosive valve seat and stem. Select valve size, capacity, and operating pressure to suit 
system. Valve shall be factory set at operating pressure and have capability for field 
adjustment. 

Safety Valves: Diaphragm-operated, bronze or brass body with brass and rubber, wet- 
ted, internal working parts; shall suit system pressure and heat capacity and shall 
comply with the ASME Boiler and Pressure Vessel Code, Section IV. 

Automatic Flow-Control Valves: Gray-iron body, factory set to maintain constant flow 
with plus or minus 5 percent over system pressure fluctuations, and equipped with a 
readout kit including flow meter, probes, hoses, flow charts, and carrying case. Each 
valve shall have an identification tag attached by chain, and be factory marked with the 
zone identification, valve number, and flow rate. Valve shall be line size and one of the 
following designs: 

1. 

2. 

3. 

Gray-iron or brass body, designed for 175 psig (1206 kPa) at 200 deg F (93 
deg C) with stainless-steel piston and spring. 
Brass or ferrous=metal-body,-designed-for-300-psig (2068-kPa) at-250-deg F ( I  21 
deg C) with corrosion-resistant, tamperproof, self-cleaning, piston-spring assem- 
bly easily removable for inspection or replacement. 
Combination assemblies, including bronze ball valve and brass alloy control 
valve, with stainless-steel piston and spring, fitted with pressure and temperature 
test valves, and designed for 300 psig (2067 kPa) at 250 deg F (121 deg C). 

I 
HYDRONIC SPECIALTIES 

I 

Manual Air Vent: 
working pressure; 225 deg F (107 deg C) operating temperature; manually operated 
with screwdriver or thumbscrew; with NPS 1/8 (DN 6) discharge connection and 
NPS 1/2 (DN 15) inlet connection. 

Bronze body and nonferrous internal parts; 1 50-psig (1 035-kPa) I 
I 

Automatic Air Vent: Designed to vent automatically with float principle; bronze body 
and nonferrous internal parts; 1 50-psig ( I  035-kPa) working pressure; 240 deg F ( I  16 
deg C) operating temperature; with NPS 1/4 (DN 8) discharge connection and NPS 1/2 
(DN 15) inlet connection. 

Expansion Tanks: Welded carbon steel, rated for 125-psig (860-kPa) working pressure 
and 375 deg F (I91 deg C) maximum operating temperature. Separate air charge 
from system water to maintain design expansion capacity by a flexible bladder securely 
sealed into tank. Include drain fitting and taps for pressure gage and air-charging fit- 
ting. Support vertical tanks with steel legs or base; support horizontal tanks with steel 

I 
l 
I 

- I -  - -  
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saddles. Factory fabricate and test tank with taps and supports installed and labeled 
according to the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1. 

D. In-Line Air Separators: One-piece cast iron with an integral weir designed to deceler- 
ate system flow to maximize air separation at a working pressure up to 175 psig (1206 
kPa) and liquid temperature up to 300 deg F (149 deg C). 

E. Bypass Chemical Feeder: Welded steel construction; 125-psig (860-kPa) working 
pressure; 5-gal. (1 9-L) capacity; with fill funnel and inlet, outlet, and drain valves. 

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

F. Y-Pattern Strainers: 125-psig (860-kPa) working pressure; cast-iron body 
(ASTM A 126, Class B), flanged ends for NPS 2-112 (DN 65) and larger, threaded con- 
nections for NPS 2 (DN 50) and smaller, bolted cover, perforated stainless-steel bas- 
ket, and bottom drain connection. 

G. Flexible Connectors: Stainless-steel bellows with woven, flexible, bronze, wire- 
reinforcing protective jacket; 150-psig (1 035-kPa) minimum working pressure and 250 
deg F (121 deg C) maximum operating temperature. Connectors shall have flanged- 
or threaded-end connections to match equipment connected and shall be capable of 
314-inch (20-mm) misalignment. 

PART 3 - EXECUTION 

3.1 PI PI N G AP P L I CAT I 0 N S 

A. Geothermal Heat Pump Water, NPS 2 (DN 50) and Smaller: Aboveground, use Type L 
(Type B) drawn-temper copper tubing with soldered joints or SDR-I 1 Polyethylene pip- 
ing with heat fusion joints. Belowground or within slabs, use Type K (Type A) an- 
nealed-temper copper tubing with soldered joints. Use the fewest possible joints 
belowground and within floor slabs. 

B. Condensate Drain Lines: Type L (Type B) drawn-temper copper tubing with soldered 
joints or Schedule 40, PVC pipe with solvent-welded joints. 

3.2 VALVE APPLICATIONS 

A. General-Duty Valve Applications: Unless otherwise indicated, use the following valve 
types: 

I. 
2. 

Shutoff Duty: Gate, ball, and butterfly valves. 
Throttling Duty: Globe, ball, and butterfly valves. 

B. Install shutoff duty valves at each branch connection to supply mains, at supply con- 
nection to each piece of equipment, unless only one piece of equipment is connected 
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in the branch line. Install throttling duty valves at each branch connection to return 
mains, at return connections to each piece of equipment, and elsewhere as indicated. 

C. 

D. 

E. 

F. 

3.3 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

3.4 

A. 

Install calibrated balancing valves in the return water line of each heating or cooling 
element and elsewhere as required to facilitate system balancing. 

Install check valves at each pump discharge and elsewhere as required to control flow 
direct ion. 

Install safety valves on hot-water generators and elsewhere as required by the ASME 
Boiler and Pressure Vessel Code. Install safety-valve discharge piping, without valves, 
to floor. Comply with the ASME Boiler and Pressure Vessel Code, Section VIII, Divi- 
sion 1, for installation requirements. 

Install pressure-reducing valves on make-up water feeds and elsewhere as required to 
regulate system pressure. 

PI PING I N STALLAT IO N S 

Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping 
installation requirements. 

Install groups of pipes parallel to each other, spaced to permit applying insulation and 
servicing of valves. 

Install drains, consisting of a tee fitting, NPS 314 (DN 20) ball valve, and short NPS 314 
(DN 20) threaded nipple with cap, at low points in piping system mains and elsewhere 
as required for system drainage. 

- __ - __ _- - ._ - - __ -- - 

Install piping at a uniform grade of 0.2 percent upward in direction of flow. 

Reduce pipe sizes using eccentric reducer fitting installed with level side up. 

Unless otherwise indicated, install branch connections to mains using tee fittings in 
main pipe, with the takeoff coming out the bottom of the main pipe. For up-feed risers, 
install the takeoff coming out the top of the main pipe. 

Install strainers on supply side of each flow control valve, pressure-reducing valve, so- 
lenoid valve, in-line pump, and elsewhere as indicated. Install NPS 314 (DN 20) nipple 
and ball valve in blowdown connection of strainers NPS 2 (DN 50) and larger. Match 
size of strainer blowoff connection for strainers smaller than NPS 2 (DN 50). 

Anchor piping for proper direction of expansion and contraction. 

HANGERS AND SUPPORTS 

Hanger, support, and anchor devices are specified in Division 15 Section "Hangers and 
Supports." Comply with requirements below for maximum spacing of supports. 

GRW #3612 15181 - 8 
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B. Install the following pipe attachments: 

1. 

2. 

3. 

4. 
5. 

Adjustable steel clevis hangers for individual horizontal piping less than 20 feet (6 
m) long. 
Adjustable roller hangers and spring hangers for individual horizontal piping 20 
feet (6 m) or longer. 
Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet (6 m) or 
longer, supported on a trapeze. 
Spring hangers to support vertical runs. 
On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger 
from scratching pipe. 

C. Install hangers for steel piping with the following maximum spacing and minimum rod 
sizes: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

I O .  

11. 

12. 

13. 

14. 

15. 

NPS 314 (DN 20): Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch 
(6.4 mm). 
NPS 1 (DN 25): Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 
mm). 
NPS 1-1/2 (DN 40): Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch 
(IO mm). 
NPS 2 (DN 50): Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (IO 
mm). 
NPS 2-1/2 (DN 65): Maximum span, 11 feet (3.4 m); minimum rod size, 3/8 inch 
(1 0 mm). 
NPS 3 (DN 80): Maximum span, 12 feet (3.7 m); minimum rod size, 3/8 inch (IO 
mm). 
NPS4 (DN 100): Maximum span, 14 feet (4.3 m); minimum rod size, 1/2 inch 
(13 mm). 
NPS 6 (DN 150): Maximum span, 17 feet (5.2 m); minimum rod size, 1/2 inch 
(13 mm). 
NPS 8 (DN 200): Maximum span, 19 feet (5.8 m); minimum rod size, 5/8 inch 
(1 6 mm). 
NPS 10 (DN 250): Maximum span, 20 feet (6.1 m); minimum rod size, 3/4 inch 
(1 9 mm). 
NPS 12 (DN 300): Maximum span, 23 feet (7 m); minimum rod size, 7/8 inch (22 
mm). 
NPS 14 (DN 350): Maximum span, 25 feet (7.6 m); minimum rod size, 1 inch (25 
mm). 
NPS 16 (DN 400): Maximum span, 27 feet (8.2 m); minimum rod size, I inch (25 
mm). 
NPS 18 (DN 450): Maximum span, 28 feet (8.5 m); minimum rod size, I-1/4 
inches (32 mm). 
NPS 20 (DN 500): Maximum span, 30 feet (9.1 m); minimum rod size, 1-1/4 
inches (32 mm). 

D. Install hangers for drawn-temper copper piping with the following maximum spacing 
and minimum rod sizes: 

1. NPS 3/4 (DN 20): Maximum span, 5 feet (1.5 m); minimum rod size, 1/4 inch 
(6.4 mm). 
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2. 

3. 

4. 

5. 

6. 

NPS I (DN 25): Maximum span, 6 feet (1.8 m); minimum rod size, 1/4 inch (6.4 
mm). 
NPS 1-1/2 (DN 40): Maximum span, 8 feet (2.4 m); minimum rod size, 318 inch 
(IO mm). 
NPS 2 (DN 50): Maximum span, 8 feet (2.4 m); minimum rod size, 3/8 inch (IO 
mm). 
NPS 2-1/2 (DN 65): Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch 
(IO mm). 
NPS 3 (DN 80): Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 
mm). 

E. 

F. 

3.5 

A. 

3.6 

A. 

B. 

C. 

D. 

E. 

3.7 

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

Support vertical runs at roof, at each floor, and at 10-foot (3-m) intervals between 
floors. 

PIPE JOINT CONSTRUCTION 

Refer to Division 15 Section "Basic Mechanical Materials and Methods" for joint con- 
struction requirements for soldered and brazed joints in copper tubing; threaded, 
welded, and flanged joints in steel piping; and solvent-welded joints for PVC and CPVC 
piping. 

HYDRONIC SPECIALTIES INSTALLATION 

Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as 
required for system air venting. 

Install automatic air vents in mechanical equipment rooms only at high points of system 
piping, at heat-transfer coils, and elsewhere as required for system air venting. Route 
discharge to nearest floor drain or provide open receptacle. 

Install in-line air separators in pump suction lines. Install piping to compression tank 
with a 2 percent upward slope toward tank. Install drain valve on units NPS 2 (DN 50) 
and larger. 
Install bypass chemical feeders in each hydronic system where indicated, in upright 
position with top of funnel not more than 48 inches (1200 mm) above floor. Install 
feeder in bypass line, off main, using globe valves on each side of feeder and in the 
main between bypass connections. Pipe drain, with ball valve, to nearest equipment 
drain. 

Install expansion tanks on floor. Vent and purge air from hydronic system, and ensure 
tank is properly charged with air to suit system design requirements. 

TERMINAL EQUIPMENT CONNECTIONS 
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A. 

B. 

C. 

D. 

3.8 

A. 

B. 

3.9 

A. 

Size for supply and return piping connections shall be same as for equipment connec- 
tions. 

Install control valves in accessible locations close to connected equipment. 

Install bypass piping with globe valve around control valve. If multiple, parallel control 
valves are installed, only one bypass is required. 

Install ports for pressure and temperature gages at coil inlet connections. 

CHEMICAL TREATMENT 

Perform an analysis of supply water to determine the type and quantities of chemical 
treatment needed to keep system free of scale, corrosion, and fouling. 

Fill system and perform initial chemical treatment. 

FIELD QUALITY CONTROL 

Prepare hydronic piping according to ASME B31.9 and as follows: 

1. 

2. 

Leave joints, including welds, uninsulated and exposed for examination during 
test. 
Provide temporary restraints for expansion joints that cannot sustain reactions 
due to test pressure. If temporary restraints are impractical, isolate expansion 
joints from testing. 
Flush system with clean water. Clean strainers. 
Isolate equipment from piping. If a valve is used to isolate equipment, its closure 
shall be capable of sealing against test pressure without damage to valve. Install 
blinds in flanged joints to isolate equipment. 
Install safety valve, set at a pressure no more than one-third higher than test 
pressure, to protect against damage by expanding liquid or other source of over- 
pressure during test. 

3. 
4. 

5. 

B. Perform the following tests on hydronic piping: 

I. 

2. 

3. 

4. 

GRW #3612 

Use ambient temperature water as a testing medium unless there is risk of dam- 
age due to freezing. Another liquid that is safe for workers and compatible with 
piping may be used. 
While filling system, use vents installed at high points of system to release 
trapped air. Use drains installed at low points for complete draining of liquid. 
Check expansion tanks to determine that they are not air bound and that system 
is full of water. 
Subject piping system to hydrostatic test pressure that is not less than 1.5 times 
the design pressure. Test pressure shall not exceed maximum pressure for any 
vessel, pump, valve, or other component in system under test. Verify that stress 
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due to pressure at bottom of vertical runs does not exceed either 90 percent of 
specified minimum yield strength or 1.7 times "SE" value in AppendixA of 
ASME B31.9, "Building Services Piping." 
After hydrostatic test pressure has been applied for at least 10 minutes, examine 
piping, joints, and connections for leakage. Eliminate leaks by tightening, repair- 
ing, or replacing components and repeat hydrostatic test until there are no leaks. 
Prepare written report of testing. 

5. 

6. 

3.10 

A. 

B. 

ADJUSTING 

Mark calibrated nameplates of pump discharge valves after hydronic system balancing 
has been completed, to permanently indicate final balanced position. 

Perform these adjustments before operating the system: 

1. 
2. 
3. 
4. 

5. 
6. 
7. 

Open valves to fully open position. Close coil bypass valves. 
Check pump for proper direction of rotation. 
Set automatic fill valves for required system pressure. 
Check air vents at high points of system and determine if all are installed and op- 
erating freely (automatic type), or bleed air completely (manual type). 
Set temperature controls so all coils are calling for full flow. 
Check operation of automatic bypass valves. 
Check and set operating temperatures of boilers, chillers, and cooling towers to 
design requirements. 

-Lubricate motors-and-bearings, - - - _ _ _  - - 

3.1 I 

A. 

CLEANING 

Flush hydronic piping systems with clean water. Remove and clean or replace strainer 
screens. After cleaning and flushing hydronic piping systems, but before balancing, 
remove disposable fine-mesh strainers in pump suction diffusers. 

END OF SECTION 151 81 
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SECTION 15185 - HYDRONIC PUMPS 

PART 

1 .I 

A. 

1.2 

A. 

1.3 

A. 

B. 

1.4 

A. 

B. 

C. 

1.5 

A. 

B. 

C. 

D. 

I .6 

1 -GENERAL 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 0 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes the following: 

1. Close-coupled, in-line centrifugal pumps. 
2. Separately coupled, base-mounted, end-suction centrifugal pumps. 

DEFINITIONS 

Buna-N: Nitrile rubber. 

EPT: Ethylene propylene terpolymer. 

SUBMITTALS 

Product Data: Include certified performance curves and rated capacities, operating 
characteristics, furnished specialties, final impeller dimensions, and accessories for each 
type of product indicated. Indicate pump's operating point on curves. 

Shop Drawings: Show pump layout and connections. Include setting drawings with 
templates for installing foundation and anchor bolts and other anchorages. 

1. Wiring Diagrams: Power, signal, and control wiring. 

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

QUALITY ASSURANCE 

Source Limitations: Obtain hydronic pumps through one source from a single 
manufacturer. 

Product Options: Drawings indicate size, profiles, and dimensional requirements of 
hydronic pumps and are based on the specific system indicated. Refer to Division 01 
Section "Product Requirements." 

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. 

UL Compliance: Comply with UL 778 for motor-operated water pumps. 

DELIVERY, STORAGE, AND HANDLING 
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A. Manufacturer's Preparation for Shipping: Clean flanges and exposed machined metal 
surfaces and treat with anticorrosion compound after assembly and testing. Protect 
flanges, pipe openings, and nozzles with wooden flange covers or with screwed-in plugs. 

Store pumps in dry location. 

Retain protective covers for flanges and protective coatings during storage. 

Protect bearings and couplings against damage from sand, grit, and other foreign 
matter. 

B. 

C. 

D. 

E. Comply with pump manufacturer's written rigging instructions. 

1.7 COORDINATION 

A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 
Concrete, reinforcement, and formwork requirements are specified in Division 03. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In 0the.r Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Manufacturers: Subject to compliance with requirements, provide products by one 
__- __ ~ 

- of the manufacturers-specified,---- -----_____- - - - __ - __ 

2.2 CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS 

A. Manufacturers: 

I. Armstrong Pumps Inc. 
2. 

B. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close- 
coupled, in-line pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation with 
pump and motor shafts mounted horizontally or vertically. Rate pump for 175-psig 
( I  204-kPa) minimum working pressure and a continuous water temperature of 225 
deg F (1 07 deg C). 

Bell & Gossett; Div. of ITT Industries. 

C. Pump Construction: 

1. 

2. 

Casing: Radially split, cast iron, with replaceable bronze wear rings, threaded gage 
tappings at inlet and outlet, and threaded companion-flange connections. 
Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed to 
shaft, and secured with a locking cap screw. Trim impeller to match specified 
performance. 
Pump Shaft: Steel, with copper-alloy shaft sleeve. 
Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless- 
steel spring, and Buna-N bellows and gasket. Include water stinger on shaft 
between motor and seal. 

3. 
4. 

I 
I 
I 
I 
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D. 

2.3 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

2.4 

5. 

Motor: Single speed, with permanently lubricated ball bearings, unless otherwise 
indicated; and rigidly mounted to pump casing. Comply with requirements in Division 23 
Section "Common Motor Requirements for HVAC Equipment." 

Pump Bearings: Permanently lubricated ball bearings. 

SEPARATELY COUPLED, BASE-MOUNTED, END-SUCTION CENTRIFUGAL PUMPS 

Manufacturers: 

1. Armstrong Pumps Inc. 
2. Bell & Gossett; Div. of ITT Industries. 

Description: Factory-assembled and -tested, centrifugal, overhung-impeller, separately 
coupled, end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for base 
mounting, with pump and motor shafts horizontal. Rate pump for 175-psig (1204-kPa) 
minimum working pressure and a continuous water temperature of 225 deg F (107 
deg C). 

Pump Construction: 

1. Casing: Radially split, cast iron, with replaceable bronze wear rings, threaded gage 
tappings at inlet and outlet, drain plug at bottom and air vent at top of volute, and 
flanged connections. Provide integral mount on volute to support the casing, and 
attached piping to allow removal and replacement of impeller without disconnecting 
piping or requiring the realignment of pump and motor shaft. 
Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed to 
shaft, and secured with a locking cap screw. Trim impeller to match specified 
performance. 

3. Pump Shaft: Stainless steel. 
4. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless- 

steel spring, and Buna-N bellows and gasket. 
5. Pump Bearings: Grease-lubricated ball bearings contained in cast-iron housing 

with grease fittings. 

Shaft Coupling: Molded rubber insert and interlocking spider capable of absorbing 
vibration. EPDM coupling sleeve for variable-speed applications. 

Coupling Guard: Dual rated; ANSI B15.1, Section 8; OSHA I91  0.21 9 approved; steel; 
removable; attached to mounting frame. 

Mounting Frame: Welded-steel frame and cross members, factory fabricated from 
ASTM A 36/A 36M channels and angles. Fabricate to mount pump casing, coupling 
guard, and motor. 

Motor: Single speed, with permanently lubricated ball bearings, unless otherwise 
indicated; secured to mounting frame, with adjustable alignment. Comply with 
requirements in Division 23 Section "Common Motor Requirements for HVAC 
Eq u i pment .I* 

2. 

PUMP SPECIALTY FITTINGS 
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A. Suction Diffuser: Angle pattern, 175-psig (1204-kPa) pressure rating, cast-iron body and 
end cap, pump-inlet fitting; with bronze startup and bronze or stainless-steel permanent 
strainers; bronze or stainless-steel straightening vanes; drain plug; and factory- 
fabricated support. 

Triple-Duty Valve: Angle or straight pattern, 175-psig (1204-kPa) pressure rating, cast- 
iron body, pump-discharge fitting; with drain plug and bronze-fitted shutoff, balancing, 
and check valve features. Brass gage ports with integral check valve, and orifice for flow 
measurement. 

B. 

PART 3 - EXECUTION 

3.1 

A. 

B. 

C. 

B. 

3.3 

A. 

B. 

EXAM INATl ON 

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

Examine roughing-in for piping systems to verify actual locations of piping connections 
before pump installation. 

Examine foundations and inertia bases for suitable conditions where pumps are to be 
installed. 

Proceed with installation only after unsatisfactory conditions have been corrected. 

~ - - _ _  
CONCRETE BASES 

Install concrete bases of dimensions indicated for pumps and controllers. Refer to 
Division 23 Section "Common Work Results for HVAC." 

I. Install dowel rods to connect concrete base to concrete floor. Unless otherwise 
indicated, install dowel rods on 18-inch (450-mm) centers around full perimeter of 
base. 

2. For supported equipment, install epoxy-coated anchor bolts that extend through 
concrete base and anchor into structural concrete floor. 

3. Place and secure anchorage devices. Use setting drawings, templates, diagrams, 
instructions, and directions furnished with items to be embedded. 

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

Cast-in-place concrete materials and placement requirements are specified in 
Division 03. 

PUMP INSTALLATION 

Comply with HI I .4. 

Install pumps with access for periodic maintenance including removal of motors, 
impellers, couplings, and accessories. 
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1 

C. Independently support pumps and piping so weight of piping is not supported by pumps 
and weight of pumps.is not supported by piping. 

Install continuous-thread hanger rods and elastomeric hangers of sufficient size to 
support pump weight. Vibration isolation devices are specified in Division 23 Section 
"Vibration and Seismic Controls for HVAC Piping and Equipment." Fabricate brackets or 
supports as required. Hanger and support materials are specified in Division 23 Section 
"Hangers and Supports for HVAC Piping and Equipment." 

Set base-mounted pumps on concrete foundation. Disconnect coupling before setting. 
Do not reconnect couplings until alignment procedure is complete. 

I. Support pump baseplate on rectangular metal blocks and shims, or on metal 
wedges with small taper, at points near foundation bolts to provide a gap of 3/4 to 
I-1/2 inches (19 to 38 mm) between pump base and foundation for grouting. 
Adjust metal supports or wedges until pump and driver shafts are level. Check 
coupling faces and suction and discharge flanges of pump to verify that they are 
level and plumb. 

D. 

E. 

2. 

3.4 ALIGNMENT 

A. Align pump and motor shafts and piping connections after setting on foundation, grout 
has been set and foundation bolts have been tightened, and piping connections have 
been made. 

B. 

C. 

Comply with pump and coupling manufacturers' written instructions. 

Adjust pump and motor shafts for angular and offset alignment by methods specified in 
HI 1 .I-1.5, "Centrifugal Pumps for Nomenclature, Definitions, Application and 
Operation." 

After alignment is correct, tighten foundation bolts evenly but not too firmly. Completely 
fill baseplate with nonshrink, nonmetallic grout while metal blocks and shims or wedges 
are in place. After grout has cured, fully tighten foundation bolts. 

D. 

3.5 CONNECTIONS 

A. 

B. 

C. 

Piping installation requirements are specified in other Division 23 Sections. Drawings 
indicate general arrangement of piping, fittings, and specialties. 

Install piping adjacent to machine to allow service and maintenance. 

Connect piping to pumps. Install valves that are same size as piping connected to 
pumps. 

Install suction and discharge pipe sizes equal to or greater than diameter of pump 
nozzles. 

D. 

E. 

F. 

G. 

Install triple-duty valve on discharge side of pumps. 

Install Y-type strainers, suction diffusers and shutoff valve on suction side of pumps. 

Install flexible connectors on suction and discharge sides of base-mounted pumps 
between pump casing and valves. 
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H. Install pressure gages on pump suction and discharge, at integral pressure-gage 

I. Ground equipment according to Division 26 Section "Grounding and Bonding for 

J. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power 

tapping, or install single gage with multiple input selector valve. 

Electrical Systems." 

Conductors and Cables." 

3.6 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

1, Complete installation and startup checks according to manufacturer's written 

2. 
3. 
4. 

instructions. 
Check piping connections for tightness. 
Clean strainers on suction piping. 
Perform the following startup checks for each pump before starting: 

a. Verify bearing lubrication. 
b. Verify that pump is free to rotate by hand and that pump for handling hot liquid 

is free to rotate with pump hot and cold. If pump is bound or drags, do not 
operate until cause of trouble is determined and corrected. 
Verify that pump is rotating in the correct direction. c. 

Prime pump by opening suction valves and closing drains, and prepare pump for 5. 

6. Start motor. 
7. Open discharge valve slowly. 

_ _ _  _ - _ _  operation. - ._ 

3.7 DEMON STRAT I ON 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain hydronic pumps. Refer to Division 01 Section 
"Demonstration and Training." 

END OF SECTION 
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SECTION 15192 - FACILITY FUEL-OIL PIPING 

PART 1 - GENERAL 

SECTION 151 92 
FACILITY FUEL-OIL PIPING 

1 .I 

A. 

1.2 

A. 

1.3 

A. 

B. 

C. 

D. 

E. 

F. 

I .4 

A. 

B. 

SUMMARY 

This 

I. 
2. 
3. 
4. 
5. 
6. 

Section includes recycled fuel-oil distribution systems and the following: 

Pipes, tubes, and fittings. 
Piping and tubing joining materials. 
Piping specialties. 
Valves. 
Fuel-transfer pumps. 
Concrete bases. 

PERFORMANCE REQUIREMENTS 

Maximum Operating-Pressure Ratings: 3-psig (21 -kPa) fuel-oil supply pressure at oil- 
fired appliances. 

S U BM ITTALS 

Product Data: For each type of product indicated. 

Shop Drawings: For facility fuel-oil piping layout. Include plans, piping layout and 
elevations, sections, and details for fabrication of pipe anchors, hangers, supports for 
multiple pipes, alignment guides, expansion joints and loops, and attachments of the 
same to building structure. Detail location of anchors, alignment guides, and 
expansion joints and loops. 

Brazing certificates. 

Welding certificates. 

Field quality-control reports. 

Operation and maintenance data. 

QUALITY ASSURANCE 

Brazing: QualifL processes and operators according to ASME Boiler and Pressure 
Vessel Code: Section IX. 

Steel Support Welding Qualifications: Qualify procedures and personnel according to 
AWS DI . l /DI  .I M, "Structural Welding Code - Steel." 
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SECTION 151 92 
FACILITY FUEL-OIL PIPING 

C. Pipe Welding Qualifications: Qualify procedures and operators according to ASME 
Boiler and Pressure Vessel Code. 

D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA70, by a qualified testing agency, and marked for intended location and 
application. 

E. Comply with ASME B31.9, "Building Services Piping," for fuel-oil piping materials, 
installation, testing, and inspecting. 

F. Comply with requirements of the EPA and of state and local authorities having 
jurisdiction. Include recording of fuel-oil storage tanks and monitoring of tanks and 
piping. 

PART 2 - PRODUCTS 

2. I PIPES, TUBES, AND FITTINGS 

A. See Part 3 piping schedule articles for where pipes, tubes, fittings, and joining 
materials are applied in various services. 

B. Steel Pipe: ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B. 

1. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150, standard pattern. 
- 2. WWugtit~StwI--Welrjing -Fittings: ASTM-A 2347A-234M;--for -butt and socket 

welding. 
3. Unions: ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground 

joint, and threaded ends. 
4. Protective Coating for Underground Piping: Factory-applied, three-layer coating 

of epoxy, adhesive, and PE. 

a. Joint Cover Kits: Epoxy paint, adhesive, and heat-shrink PE sleeves. 

2.2 PIPING SPECIALTIES 

A. Y-Pattern Strainers: 

1. 

2. 
3. Strainer Screen: [60] [80]-mesh startup strainer, and perforated stainless-steel 

4. 

Body: 
connect ion. 
End Connections: Threaded ends for NPS 2 (DN 50) and smaller. 

basket with 50 percent free area. 
CWP Rating: 125 psig (860 kPa). 

ASTM A 126, Class B, cast iron with bolted cover and bottom drain 

B. Manual Air Vents: 

1. Body: Bronze. 
2. Internal Parts: Nonferrous. 
3. Operator: Screwdriver or thumbscrew. 
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FACILITY FUEL-OIL PIPING 

1 

2.3 

A. 

B. 

2.4 

A. 

B. 

C. 

2.5 

4. 
5. 
6. 
7. 

Inlet Connection: NPS 1/2 (DN 15). 
Discharge Connection: NPS 1/8 (DN 6). 
CWP Rating: 150 psig (1 035 kPa). 
Maximum Operating Temperature: 225 deg F (107 deg C). 

JOINING MATERIALS 

Joint Compound and Tape: Suitable for fuel oil. 

Welding Filler Metals: Comply with AWS D10.121D10.12M for welding materials 
appropriate for wall thickness and chemical analysis of steel pipe being welded. 

MANUAL FUEL-OIL SHUTOFF VALVES 

See valve schedule in Part 3 for where each valve type is applied in various services. 

General Requirements for Metallic Valves: Comply with UL 842. 

1. 
2. 
3. 
4. 
5. 

CWP Rating: 125 psig (860 kPa). 
Threaded Ends: Comply with ASME B1.20.1. 
Dryseal Threads on Flare Ends: Comply with ASME B1.20.3. 
Tamperproof Feature: Locking feature for valves indicated in the valve schedule. 
Service Mark: Initials "WOG" shall be permanently marked on valve body. 

One-Piece, Bronze Ball Valve with Bronze Trim: MSS SP-110. 

1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: . 

a. 
b. 
c. 
d. 
e. 

Brasscraft Manufacturing Company; a Masco company. 
Conbraco Industries, Inc.; Apollo Div. 
Lyall, R. W. & Company, Inc. 
McDonald, A. Y. Mfg. Co. 
Perfection Corporation; A Subsidiary of American Meter Company. 

2. 
3. Ball: Chrome-plated brass. 
4. Stem: Bronze; blowout proof. 
5. 
6. 
7. 
8. 
9. 

Body: Bronze, complying with ASTM B 584. 

Seats: Reinforced TFE; blowout proof. 
Packing: Separate packnut with adjustable-stem packing threaded ends. 
Ends: Threaded, flared, or socket as indicated in the valve schedule. 
CWP Rating: 600 psig (4140 [(Pa). 
Service Mark: Initials "WOG" shall be permanently marked on valve body. 

SPECIALTY VALVES 

A. Pressure Relief Valves: Comply with UL 842. 

1 
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1. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

a. 
b. Fulflo Specialties, Inc. 
c. 

Anderson Greenwood; Division of Tyco Flow Control. 

Webster Fuel Pumps & Valves; a division of Capital City Tool, Inc. 

B. 

2.6 

A. 

2. Listed and labeled for fuel-oil service by an NRTL acceptable to authorities 
having jurisdiction. 

3. Body: Brass, bronze, or cast steel. 
4. Springs: Stainless steel, interchangeable. 
5. Seat and Seal: Nitrile rubber. 
6. Orifice: Stainless steel, interchangeable. 
7. Factory-Applied Finish: Baked enamel. 
8. 
9. 

Maximum Inlet Pressure: 450 psig (1035 kPa). 
Relief Pressure Setting: 60 psig (414 Wa). 

Oil Safety Valves: Comply with UL 842. 

I. Manufacturers: Subject to compliance with requirements, available 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 

a. 

c. 

Anderson Greenwood; Division of Tyco Flow Control. 

Webster Fuel Pumps & Valves; a division of Capital City Tool, Inc. 
_ _  ~ - _ -  b. Suntec Industries Incorporated. - 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

Listed and labeled for fuel-oil service by an NRTL acceptable to authorities 
having jurisdiction. 
Body: Brass, bronze, or cast steel. 
Springs: Stainless steel. 
Seat and Diaphragm: Nitrile rubber. 
Orifice: Stainless steel, interchangeable. 
Factory-Applied Finish: Baked enamel. 
Manual override port. 
Maximum Inlet Pressure: 60 psig (414 kPa). 
Maximum Outlet Pressure: 3 psig (21 kPa). 

SIMPLEX FUEL-OIL TRANSFER PUMPS 

Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 

1. DESMI INCJRotan Pumps. 
2. 
3. Preferred Utilities Manufacturing Corporation. 
4. Suntec Industries Incorporated. 
5. 

Haight Pumps; Division of Baker Mfg. 

Tuthill Corporation; Tuthill Pump Div. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

- -I 
I 
I 
I 
I 
I 
I 
I 

-- I 
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FACILITY FUEL-OIL PIPING 

6. 
7. 

Viking Pump lnc.; a Unit of IDEX Corporation. 
Webster Fuel Pumps & Valves; a division of Capital City Tool, Inc. 

B. Description: Comply with UL 343, and HI M109. 

1 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
I O .  

Listed and labeled for fuel-oil service by an NRTL acceptable to authorities 
having jurisdiction. 
Type: Positive-displacement, rotary type. 
Impeller: Carbon vane. 
Housing: Cast-iron foot mounted. 
Bearings: Bronze, self-lubricating. 
Shaft: Polished steel. 
Seals: Mechanical. 
Base: Steel. 
Pressure Relief: Built in. 
Discharge Check Valve: Built in. 

C. Drive: Direct, close coupled. 

D. Controls: 

1. 

2. 
3. Alarm motor failure. 
4. 

5. 
6. 
7. 
8. 

Run pump to maintain minimum manifold pressure with outdoor-air temperature 
less than 60 deg F (16 deg 6). 
Run pump on seven-day schedule. 

Manual reset dry-run protection. 
suction. 
Deenergize and alarm pump locked rotor condition. 
Alarm open circuit, high and low voltage. 
Indicating lights for power on, run, and off normal conditions. 
Interface with automatic control system is specified in Division 15 Section "HVAC 
Instrumentation and Controls" to control and indicate the following: 

Stop pump if fuel level falls below pump 

a. 

b. Operating status. 
c. Alarm off-normal status. 

Startlstop pump when required by schedule, fuel-fired appliance operation, 
day tank level control, or weather conditions. 

E. Motor: Comply with NEMA designation, temperature rating, service factor, enclosure 
type, and efficiency requirements for motors specified in Division 15 Section "Motors." 

I. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven 
load will not require motor to operate in service factor range above 1 .O. 

2. Controllers, Electrical Devices, and Wiring: Comply with requirements for 
electrical devices and connections specified in Division 16 Sections. 
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PART 3 - EXECUTION 

SECTION 151 92 
FACILITY FUEL-OIL PIPING 

3.1 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

J. 

K. 

L. 

M. 

N. 

0. 

P. 
- 

INDOOR PIPING INSTALLATION 

Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure 
during progress of construction, to allow for mechanical installations. I 
Install piping in concealed locations unless otherwise indicated and except in 
equipment rooms and service areas. 

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. i 

i 

Install piping above accessible ceilings to allow sufficient space for ceiling panel 
removal. I 
Install piping free of sags and bends. 

Install fittings for changes in direction and branch connections. 

Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at pipe penetrations. Seal pipe penetrations with firestop materials. Comply 
with requirements in Division 7 Section "Through-Penetration Firestop Systems." 

I 

Weri~~nalequipment-locatio~f~roug~ing-in.--- - -- - -~ - --I 
I 

Comply with requirements for equipment specifications in Division 15 Sections for 
roughing-in requirements. I 
Conceal pipe installations in walls, pipe spaces, or utility spaces; above ceilings; below 
grade or floors; and in floor channels unless indicated to be exposed to view. 

Prohibited Locations: 

1. 

I 

I- 
Do not install fuel-oil piping in or through circulating air ducts, clothes or trash 
chutes, chimneys or gas vents (flues), ventilating ducts, or dumbwaiter or 
elevator shafts. 
Do not install fuel-oil piping in solid walls or partitions. 

I 
2. 

Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level 
side down. I 
Connect branch piping from top or side of horizontal piping. 

Install unions in pipes NPS 2 (DN 50) and smaller at final connection to each piece of 
equipment and elsewhere as indicated. Unions are not required on flanged devices. 

Do not use fuel-oil piping as grounding electrode. 

I 
I 

__ Install strainer on inlet side of fuel-oil pump. 
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3.2 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I .  

3.3 

A. 

B. 

C. 

D. 

E. 

F. 

VALVE INSTALLATION 

Install manual fuel-oil shutoff valves on branch connections to fuel-oil appliance. 

Install valves in accessible locations. 

Protect valves from physical damage. 

Install metal tag attached with metal chain indicating fuel-oil piping systems. 

Identify valves as specified in Division 15 Section "Mechanical Identification." 

Install oil safety valves a t  inlet of each oil-fired appliance. 

Install pressure relief valves in distribution piping between the supply and return lines. 

Install one-piece, bronze ball valve with hose end connection a t  low points in fuel-oil 
piping. 

Install manual air vents at high points in fuel-oil piping. 

PIPING JOINT CONSTRUCTION 

Ream e n d s  of pipes and tubes and remove burrs. 

Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

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. 

2. 

Apply'appropriate tape  or thread compound to external pipe threads unless dry 
seal threading is specified. 
Damaged Threads: Do not use pipe or  pipe fittings with threads that a re  
corroded or damaged. Do not use pipe sections that have cracked or  open 
welds. 

Welded Joints: Construct joints according to AWS D10.12/D10.12M, using qualified 
processes and welding operators according to "Quality Assurance" Article. 

1. 
2. 

Bevel plain ends  of steel pipe. 
Patch factory-applied protective coating as recommended by manufacturer a t  
field welds and where damage to  coating occurs during construction. 

Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and 
Tube" Chapter. 

Flared Joints: Comply with SAE J513. Tighten finger tight, then use wrench according 
to fitting manufacturer's written recommendations. Do not overtighten. 
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3.4 

A. 

B. 

C. 

D. 

3.5 

A. 

HANGER AND SUPPORT INSTALLATION 

Pipe hanger and support and equipment support materials and installation 
requirements are specified in Division 15 Section "Hangers and Supports." 

Install hangers for horizontal steel piping with the following maximum spacing and 
minimum rod sizes: 

1. NPS 1-114 (DN 32) and Smaller: Maximum span, 84 inches (2130 mm); 
minimum rod size, 3/8 inch (IO mm). 

2. NPS 1-1/2 (DN 40): Maximum span, 108 inches (2740 mm); minimum rod size, 
318 inch (10 mm). 

3. NPS 2 (DN 50): Maximum span, I O  feet (3 m); minimum rod size, 3/8 inch (IO 
mm). 

Support vertical steel pipe at each floor and at spacing not greater than 15 feet (4.5 m). 

Support vertical copper tube at each floor and at spacing not greater than 10 feet 
(3 m). 

F U E L-0 I L P U M P I N STALL AT I 0 N 

Transfer Pumps: 

I. 

2. 

Install pumps with access space for periodic maintenance including removal of 
m~ to rs ; ; i -mp~ l l e rs ,and -a~~ iZ~-  ~ - -- 
Set pumps on and anchor to concrete base. 

B. 

C. 

D. 

E. 

F. 

3.6 

A. 

B. 

C. 

Install two-piece, full-port ball valves at suction and discharge of pumps. 

Install strainer on inlet side of simplex fuel-oil pumps. 

Install check valve on discharge of simplex fuel-oil pumps. 

Install suction piping with minimum fittings and change of direction. 

Install vacuum and pressure gage, upstream and downstream respectively, at each 
pump to measure the differential pressure across the pump. Pressure gages are 
specified in Division 15 Section "Meters and Gages." 

I 
I 
I 
I 

CONNECTIONS 

Install piping adjacent to equipment to allow service and maintenance. 

Install unions, in piping NPS 2 (DN 50) and smaller, adjacent to each valve and at final I 

l 
connection to each piece of equipment having threaded pipe connection. 

Connect piping to equipment with ball valve and union. Install union between valve 
and equipment. 

8 

- I  
GRW #3612 15192 - 8 I 



SKRECC Corporate Off ices 
Somerset, Kentucky 

SECTION 151 92 
FACILITY FUEL-OIL PIPING 

D. Install flexible piping connectors at final connection to burners or oil-fired appliances 
that must be moved for maintenance access. 

3.7 CONCRETE BASES 

A. Concrete Bases: Anchor equipment to concrete base according to equipment 
manufacturer's written instructions and according to seismic codes at Project. 

1. 

2. 

Construct concrete bases of dimensions indicated, but not less than 4 inches 
(1 00 mm) larger in both directions than supported unit. 
Install dowel rods to connect concrete base to concrete floor. Unless otherwise 
indicated, install dowel rods on [I 8-inch (457-mrn)l <Insert dimension> centers 
around the full perimeter of the base. 

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

4. Place and secure anchorage devices. Use supported equipment manufacturer's 
setting drawings, templates, diagrams, instructions, and directions furnished with 
items to be embedded. 

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

6. Use 31oOcB-psig (20.7-MPa), 28-day, compressive-strength concrete and 
reinforcement as specified in Division 3. 

3.8 FIELD QUALITY CONTROL 

A. Tanks: Minimum hydrostatic or compressed-air test pressures for fuel-oil storage tanks 
that have not been factory tested and do not bear the ASME code stamp or a listing 
mark acceptable to authorities having jurisdiction: 

I. 
2. 

3. 

Inner Tanks: Minimum 3 psig (20.7 kPa) and maximum 5 psig (34.5 kPa). 
Interstitial Space: Minimum 3 psig (20.7 kPa) and maximum 5 psig (34.5 kPa), or 
5.3-in. Hg (1 8-kPa) vacuum. 
Where vertical height of fill and vent pipes is such that the static head imposed 
on the bottom of the tank is greater than 10 psig (69 kPa), hydrostatically test the 
tank and fill and vent pipes to a pressure equal to the static head thus imposed. 
Maintain the test pressure for one hour. 4. 

B. Piping: Minimum hydrostatic or pneumatic test-pressures measured at highest point in 
system: 

I. 
2. Fuel-Oil, Double-Containment Piping: 

Fuel-Oil Distribution Piping: Minimum 5 psig (34.5 kPa) for minimum 30 minutes. 

a. 
b. Containment Conduit: Minimum 5 psig (34.5 kPa) for minimum 60 

Carrier Pipe: Minimum 5 psig (34.5 kPa) for minimum 30 minutes. 

minutes. 

3. Suction Piping: Minimum 20-in. Hg (68 kPa) for minimum 30 minutes. 
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C. 

D. 

E. 

F. 

G. 

H. 

I .  

J. 

3.9 

A. 

3.10 

A. 

B. 

4. Isolate storage tanks if test  pressure in piping will cause pressure in storage 
tanks to exceed 10 psig (69 kPa). 

Inspect and test fuel-oil piping according to NFPA 31, "Tests of Piping" Paragraph; and 
according to requirements of authorities having jurisdiction. 

Test  liquid-level gage  for accuracy by manually measuring fuel-oil levels a t  not less 
than three different depths while filling tank and checking against g a g e  indication. 

Test  leak-detection and monitoring system for accuracy by manually operating sensors  
and  checking against alarm panel indication. 

Start fuel-oil transfer pumps to verify for proper operation of pump and check for leaks. 

Test and adjust controls and safeties. Replace damaged and  malfunctioning controls 
and  equipment. 

Bleed air from fuel-oil piping using manual air vents. 

Fuel-oil piping and equipment will be considered defective if it does  not p a s s  tests and 
inspections. 

Prepare test  and inspection reports. 

INDOOR PIPING SCHEDULE 

Aboveground Fuel-Oil Piping: 
1. 

_ .  

NPS 112 to  NPS 2 (DN 15 to DN 50): Steel pipe, steel o r  malleable-iron threaded 
fittings, and threaded joints. 

ABOVEGROUND MANUAL FUEL-OIL SHUTOFF VALVE SCHEDULE 

Distribution piping valves for pipe NPS 2 (DN 50) and smaller shall b e  the following: 

1. One-piece, bronze ball valve with bronze trim. 

Valves in branch piping for single appliance shall be the  following: 

1 One-piece, bronze ball valve with bronze trim. 

END OF SECTION 151 92 

GRW #3612 
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SECTION 1521 1 - GENERAL-SERVICE COMPRESSED-AIR PIPING 

PART 1 - GENERAL 

I .I SUMMARY 

A. This Section includes piping and related specialties for general-service compressed-air 
systems operating at 150 psig (1 035 kPa) or less. 

B. See Division 15 Section "General-Service Compressed-Air Equipment" for general- 
service air compressors and accessories. 

1.2 SU BM ITTALS 

A. Product Data: For the following: 

1. Pressure regulators. Include rated capacities and operating characteristics. 
2. Automatic drain valves. 
3. 
4. 

Filters. Include rated capacities and operating characteristics. 
Lubricators. Include rated capacities and operating characteristics. 

B. Field quality-control test reports. 

C. Operation and maintenance data. 

1.3 QUALITY ASSURANCE 

A. ASME Compliance: Comply with ASME B31.9, "Building Services Piping," for low- 
pressure compressed-air piping. 

PART 2 - PRODUCTS 

2.1 PIPES, TUBES, AND FITTINGS 

A. Steel Pipe: ASTMA53/A53M, Type E or S, GradeB, black with ends threaded 
according to ASME B1.20.1. 

1. Steel Nipples: ASTM A 733, made of ASTM A 531A 53M or ASTM A 106, 
Schedule 40, galvanized seamless steel pipe. Include ends matching joining 
method. 
Malleable-Iron Fittings: ASME 846.3, Class 150 or 300, threaded. 
Malleable-Iron Unions: ASME B16.39, Class 150 or 300, threaded. 
Steel Flanges: ASME B16.5, Class 150 or 300, carbon steel, threaded. 
Wrought-Steel Butt-welding Fittings: ASME B16.9, Schedule 40. 
Steel Flanges: ASME B16.5, Class 150 or 300, carbon steel. 

2. 
3. 
4. 
5. 
6. 
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B. 

C. 

2.2 

A. 

B. 

C. 

D. 

2.3 

A. 

2.4 

A. 

B. 

2.5 

A. 

SECTION 1521 1 
GENERAL SERVICE COMPRESSED-AIR PIPING 

Copper Tube: ASTM B 88, Type K or L (ASTM B 88M, Type A or B) seamless, drawn- 
temper, water tube.. 

1. 

2. 
3. 

Wrought-Copper Fittings: ASME B16.22, solder-joint pressure type or MSS SP- 
73, wrought copper with dimensions for brazed joints. 
Cast-Copper-Alloy Flanges: ASME B16.24, Class 150 or 300. 
Copper Unions: ASME B16.22 or MSS SP-123. 

Transition Couplings for Metal Piping: Metal coupling or other manufactured fitting 
same size as, with pressure rating at least equal to and ends compatible with, piping to 
be joined. 

JOINING MATERIALS 

Pipe-Flange Gasket Materials: Suitable for compressed-air piping system contents. 

1. ASME B16.21, nonmetallic, flat, full-face, asbestos free, ?/8-inch (3.2-mm) 
maximum thickness. 

Flange Bolts and Nuts: ASME B18.2. I, carbon steel, unless otherwise indicated. 

Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux 
according to ASTM B 81 3. 

Brazing Filler Metals: AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for 
@Sii5ral-dutVbTazii%g unless-othzise indicated. 

, _ _ _ * -  *_-- ____ _ _  

VALVES 

Metal Ball, Butterfly, Check, Gate, and Globe Valves: Comply with requirements in 
Division 15 Section "Valves." 

DIELECTRIC FITTINGS 

General Requirements for Dielectric Fittings: Combination fitting of copper alloy and 
ferrous materials with insulating material; suitable for system fluid, pressure, and 
temperature. Include threaded, solder-joint, plain, or weld-neck end connections that 
match piping system materials. 

Dielectric Unions: Factory-fabricated union assembly, for 250-psig ( I  725-kPa) 
minimum working pressure at 180 deg F (82 deg C). 

FLEXIBLE PIPE CONNECTORS 

Bronze-Hose Flexible Pipe Connectors: Corrugated-bronze tubing with bronze wire- 
braid covering and ends brazed to inner tubing. 

I. Working-Pressure Rating: 200 psig (1 380 kPa) minimum. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

-I 
I 
I 
I 
I 
I 
I 
I 
I 
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2. 

3. 

End Connections, NPS 2 (DN 50) and Smaller: Threaded copper pipe or plain- 
end copper tube. 
End Connections, NPS 2-1/2 (DN 65) and Larger: Flanged copper alloy. 

B. 

2.6 

A. 

2.7 

A. 

B. 

C. 

D. 

E. 

2.8 

A. 

B. 

C. 

Stainless-Steel-Hose Flexible Pipe Connectors: Corrugated-stainless-steel tubing with 
stainless-steel wire-braid covering and ends welded to inner tubing. 

1. 
2. 
3. 

Working-Pressure Rating: 200 psig (1 380 kPa) minimum. 
End Connections, NPS 2 (DN 50) and Smaller: Threaded steel pipe nipple. 
End Connections, NPS 2-1/2 (DN 65) and Larger: Flanged steel nipple. 

SLEEVES 

Galvanized-Steel Sheet: 0.0239-inch (0.6-mm) minimum thickness; round tube closed 
with welded longitudinal joint. 

ESCUTCHEONS 

General Requirements: Manufactured wall and ceiling escutcheons and floor plates, 
with ID to closely fit around pipe and tube and OD that completely covers opening. 

One-Piece, Deep-Pattern Escutcheons: Deep-drawn, box-shaped brass with polished 
chrome-plated finish. 

One-Piece, Cast-Brass Escutcheons: With set screw. 

I. Finish: Rough brass. 

One-Piece, Stamped-Steel Escutcheons: I With set screw or spring clips and chrome- 
plated finish. 

One-Piece, Floor-Plate Escutcheons: Cast iron. 

SPECIALTIES 

Safety Valves: ASME Boiler and Pressure Vessel Code: Section VIII, "Pressure 
Vessels," construction; National Board certified, labeled, and factory sealed; 
constructed of bronze body with poppet-type safety valve for compressed-air service. 

1. Pressure Settings: Higher than discharge pressure and same or lower than 
receiver pressure rating. 

Air-Main Pressure Regulators: Bronze body, pilot-operated direct acting, spring-loaded 
manual pressure-setting adjustment, and rated for 250-psig (1 725-kPa) inlet pressure, 
unless otherwise indicated. 

Air-Line Pressure Regulators: Diaphragm or pilot operated, bronze body, direct acting, 
spring-loaded manual pressure-setting adjustment, and rated for 200-psig ( I  380-kPa) 
minimum inlet pressure, unless otherwise indicated. 
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D. 

E. 

F. 

2.9 

A. 

Automatic Drain Valves: Stainless-steel body and internal parts, rated for 200-psig 
(1 380-kPa) minimum working pressure, capable of automatic discharge of collected 
condensate. 

Coalescing Filters: Coalescing type with activated carbon capable of removing water 
and oil aerosols; with color-change dye to indicate when carbon is saturated and 
warning light to indicate when selected maximum pressure drop has been exceeded. 

Mechanical Filters: Two-stage, mechanical-separation-type, air-line filters. Equip with 
deflector plates, resin-impregnated-ribbon-type filters with edge filtration, and drain 
cock. 

QUICK COUPLINGS 

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. Aeroquip Corporation; Eaton Corp. 
2. Bowes Manufacturing Inc. 
3. Foster Manufacturing, Inc. 
4. Milton Industries, Inc. 
5. 
6. Rectus Corp. 

Parker Hannifin Corp.; Fluid Connectors Group; Quick Coupling Div. 

7. Schrader-Bridgeport; Amflo Div. --__ - _ _  - - ___ _ _  
8. SchradFBridgzporVStandard Thomson. 

B. 

C. 

D. 

9. 
10. TOMCO Products Inc. 
11. 

Snap-Tite, Incr; Quick Disconnect & Valve Division. 

Tuthill Corporation; Hansen Coupling Div. 

General Requirements for Quick Couplings: Assembly with locking-mechanism feature 
for quick connection and disconnection of compressed-air hose. 

Automatic-Shutoff Quick Couplings: Straight-through brass body with O-ring or gasket 
seal and stainless-steel or nickel-plated-steel operating parts. 

I. 

2. 

Socket End: With one-way valve and threaded inlet for connection to piping or 
threaded hose fitting. 
Plug End: Straight-through type with barbed outlet for attaching hose. 

Valveless Quick Couplings: Straight-through brass body with stainless-steel or nickel- 
plated-steel operating parts. 

I. Socket End: With O-ring or gasket seal, without valve, and with barbed inlet for 
attaching hose. 

2. Plug End: With barbed outlet for attaching hose. 
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2.10 HOSE ASSEMBLIES 

A. Description: Compatible hose, clamps, couplings, and splicers suitable for 
compressed-air service, of nominal diameter indicated, and rated for 300-psig (2070- 
kPa) minimum working pressure, unless otherwise indicated. 

1. Hose: Reinforced double-wire-braid, CR-covered hose for compressed-air 
service. 

2. Hose Clamps: Stainless-steel clamps or bands. 
3. Hose Couplings: Two-piece, straight-through, threaded brass or stainless-steel 

O-ring or gasket-seal swivel coupling with barbed ends for connecting two 
sections of hose. 

4. Hose Splicers: One-piece, straight-through brass or stainless-steel fitting with 
barbed ends for connecting two sections of hose. 

PART 3 - EXECUTION 

I 3.1 

A. 

B. 

C. 

3.2 

A. 

B. 

3.3 

A. 

PIPING APPLICATIONS 

Compressed-Air Piping between Air Compressors and Receivers: Use one of the 
following piping materials for each size range: 

1. NPS 2 (5N 50) and Smaller: Steel pipe; threaded, malleable-iron fittings; and 
threaded joints. 

Low-Pressure Compressed-Air Distribution Piping: Use the following piping materials 
for each size range: 

1. NPS 2 (DN 50) and Smaller: Steel pipe; threaded, malleable-iron fittings; and 
threaded joints. 

Drain Piping: Use the following piping materials: 

1. NPS 2 (DN 50) and Smaller: Type M (Type C) copper tube; wrought-copper 
fittings; and brazed or soldered joints. 

VALVE APPLICATIONS 

Comply with requirements in "Valve Applications" Article in Division 15 Section 
"Valves." 

Equipment Isolation Valves: Safety-exhaust, copper-alloy ball valve with exhaust vent 
and pressure rating at least as great as piping system operating pressure. 

PIPING INSTALLATION 

Drawing plans, schematics, and diagrams indicate general location and arrangement of 
compressed-air piping. Indicated locations and arrangements were used to size pipe 
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and calculate friction loss, expansion, air-compressor sizing, and other design 
considerations. Install piping as indicated unless deviations to layout are approved on 
Coordination Drawings. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I .  

J. 

K. 

L. 

M. 

N. 

0. 

3.4 

A. 

Install piping concealed from view and protected from physical contact by building 
occupants, unless otherwise indicated and except in equipment rooms and service 
areas.  

Install piping indicated to b e  exposed and piping in equipment rooms and service a reas  
a t  right angles or  parallel to building walls. Diagonal runs a r e  prohibited, unless 
otherwise indicated. 

Install piping above accessible ceilings to allow sufficient s p a c e  for ceiling panel 
removal and to coordinate with other services occupying that space.  

Install piping adjacent to equipment and machines to allow service and maintenance. 

Install air and drain piping with I percent slope downward in direction of flow. 

Install nipples, flanges, unions, transition and special fittings, and  valves with pressure 
ratings s a m e  as or  higher than system pressure rating, unless otherwise indicated. 

Equipment and Specialty Flanged Connections: 

1. 
2. 

Use steel companion flange with gasket for connection to steel pipe. 
Use cast-copper-alloy companion flange with gasket and brazed[ or soldered] 
joint foi conneCtion to Copper tUbe.-DT n73 useG5ldeGdioTnts f o r c o n n x c x o s -  
air compr6ssors or  to  equipment or  machines producing shock or  vibration. 

Install branch connections to compressed-air mains from top of main. Provide drain 
leg and drain trap a t  end of each main and branch and a t  low points. 

Install thermometer and pressure g a g e  on  discharge piping from each  air compressor 
and on each receiver. Comply with requirements in Division 15 Section "Meters and 
G a g e s  . 'I 
Install piping to permit valve servicing. 

Install piping free of s a g s  and bends. 

Install fittings for changes in direction and branch connections. 

Install seismic restraints on piping. Seismic-restraint devices a r e  specified in 
Division 15 Section "Mechanical Vibration and Seismic Controls." 

Install unions, adjacent to each valve and a t  final connection to  each  piece of 
equipment and machine. 

JOINT CONSTRUCTION 

Ream ends  of pipes and tubes and remove burrs. Bevel plain e n d s  of steel pipe. 
- - 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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B. 

C. 

D. 

E. 

F. 

G. 

H. 

3.5 

A. 

B. 

C. 

D. 

3.6 

A. 

3.7 

A. 

B. 

C. 

Remove scale, slag, dirt, and debris from pipe and fittings before assembly. 

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. 
Apply appropriate tape or thread compound to external pipe threads. . 

Brazed Joints for Copper Tubing: Join according to AWS's "Brazing Handbook," "Pipe 
and Tube" Chapter. 

Soldered Joints: Apply ASTM B 81 3, water-flushable flux, unless otherwise indicated, 
to tube end. Join according to ASTM B 828 or CDA's "Copper Tube Handbook." 

Flanged Joints: Use asbestos-free, nonmetallic gasket suitable for compressed air. 
Join flanges with gasket and bolts according to ASME B31.9 for bolting procedure. 

Solvent-Cemented Joints for PVC Piping: Clean and dry joining surfaces. Comply with 
ASTM F 402 for safe-handling practice of cleaners, primers, and solvent cements. 
Apply primer and join according to ASME B31.9 for solvent-cemented joints and to 
ASTM D 2672. 

Dissimilar Metal Piping Material Joints: Use dielectric fittings. 

VALVE INSTALLATION 

General-Duty Valves: Comply with requirements in Division 15 Section "Valves." 

Install shutoff valves and unions or flanged joints at compressed-air piping to air 
compressors. 

Install shutoff valve at inlet to each automatic drain valve, filter, lubricator, and pressure 
regulator. 

Install check valves to maintain correct direction of compressed-air flow to and from 
compressed-air piping specialties and equipment. 

D I ELECTRIC F lTTl N G I N STALLATI 0 N 

Install dielectric unions in piping at connections of dissimilar metal piping and tubing. 

FLEXIBLE PIPE CONNECTOR INSTALLATION 

Install flexible pipe connectors in discharge piping of each air compressor 

Install bronze-hose flexible pipe connectors in copper compressed-air tubing. 

Install stainless-steel-hose flexible pipe connectors in steel compressed-air piping. 
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A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

B. 

C. 

D. 

3.10 

A. 

SECTION 1521 1 
GENERAL SERVICE COMPRESSED-AIR PIPING 

SPECIALTY INSTALLATION 

Install safety valves on receivers in quantity and size to relieve at least the capacity of 
connected air compressors. 

Install air-main pressure regulators in compressed-air piping at or near air 
compressors. 

Install air-line pressure regulators in branch piping to equipment. 

Install automatic drain valves on aftercoolers, receivers, and dryers. Discharge 
condensate onto nearest floor drain. 

Install coalescing filters in compressed-air piping at or near air compressors and 
upstream from mechanical filters. Mount on wall at locations indicated. 

Install mechanical filters in compressed-air piping at or near air compressors and 
downstream from coalescing filters. Mount on wall at locations indicated. 

Install quick couplings at piping terminals for hose connections. 

Install hose assemblies at hose connections. 

SLEEVE I N STALLATI 0 N 

Install -sleeve-! fo-r pipes-p-assing th-rmgh c m m t e  and mason~-walls~gypXim boTd 
partitions, and concrete floor and roof slabs using galvanized-steel pipe. 

Install sleeves in new walls and slabs as new walls and slabs are constructed. 

Install sleeves that are large enough to provide 114-inch (6.4-mm) annular clear space 
between sleeve and pipe or pipe insulation. Use Steel Pipe Sleeves. 

Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at pipe penetrations. Seal pipe penetrations with firestop materials. Comply 
with requirements in Division 7 Section "Through-Penetration Firestop Systems." 

ESCUTCHEON INSTALLATION 

Install escutcheons for penetrations of walls, ceilings, and floors according to the 
following: 

I. Piping with Fitting or Sleeve Protruding from Wall: One piece, deep pattern. 
2. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One piece, cast 

brass with polished chrome-plated finish. 
3. Bare Piping at Ceiling Penetrations in Finished Spaces: One piece, cast brass 

with polished chrome-plated finish. 
4. Bare Piping in Unfinished Service Spaces: One piece, cast brass with rough- 

brass finish] [stamped steel with set screw. 
5. Bare Piping in Equipment Rooms: One piece, cast brass. 

GRW #3612 15211 - 8 



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 1521 1 
GENERAL SERVICE COMPRESSED-AIR PIPING 

3.1 1 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I .  

J. 

K. 

6. Bare Piping at Floor Penetrations in Equipment Rooms: One-piece floor plate. 

HANGER AND SUPPORT INSTALLATION 

Comply with requirements in Division 15 Section "Mechanical Vibration and Seismic 
Controls" for seismic-restraint devices. 

Comply with requirements in Division 15 Section "Hangers and Supports" for pipe 
hanger and support devices. 

Vertical Piping: MSS Type 8 or 42, clamps. 

Individual, Straight, Horizontal Piping Runs: 

I. 
2. 

Multiple, Straight, Horizontal Piping Runs 100 Feet (30 m) or Longer: MSS Type 44, 
pipe rolls. Support pipe rolls on trapeze. 

100 .Feet (30 m) or Less: MSS Type 1, adjustable, steel clevis hangers. 
Longer Than 100 Feet (30 m): MSS Type 43, adjustable roller hangers. 

Base of Vertical Piping: MSS Type 52, spring hangers. 

Support horizontal piping within 12 inches (300 mm) of each fitting and coupling. 

Rod diameter may be reduced I size for double-rod hangers, with 3/8-inch (10-mm) 
minimum rods. 

Install hangers for Schedule 40, steel piping with the following maximum horizontal 
spacing and minimum rod diameters: 

1. 

2. 

3. 
4. 

NPS 1/4 to NPS 1/2 (DN 8 to DN 15): 96 inches (2400 mm) with 3/8-inch (10- 
mm) rod. 
NPS 3/4 to NPS 1-114 (DN 20 to DN 32): 84 inches (2100 mm) with 3/8-inch (10- 
mm) rod. 
NPS 1-1/2 (DN 40): 12 feet (3.7 m) with 3/8-inch (10-mm) rod. 
NPS 2 (DN 50): 13 feet (4 m) with 3/8-inch (10-mm) rod. 

Install supports for vertical, Schedule 40, steel piping every 15 feet (4.6 m). 

Install hangers for copper tubing with the following maximum horizontal spacing and 
minimum rod diameters: 

1. 
2. 

3. 
4. 
5. 
6. 
7. 

NPS l /4  (DN 8): 60 inches (1500 mm) with 3/8-inch (10-mm) rod. 
NPS 3/8 and NPS 1/2 (DN 10 and DN 15): 72 inches (1800 mm) with 3/8-inch 
(1 O-mm) rod. 
NPS 3/4 (DN 20): 84 inches (2100 mm) with 3/8-inch (10-mm) rod. 
NPS 1 (DN 25): 96 inches (2400 mm) with 3/8-inch (10-mm) rod. 
NPS 1-1/4 (DN 32): 108 inches (2700 mm) with 3/8-inch (10-mm) rod. 
NPS 1-1/2 (DN 40): 10 feet (3 m) with 3/8-inch (10-mm) rod. 
NPS 2 (DN 50): 11 feet (3.4 m) with 318-inch (IO-mm) rod. 
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L. 

3.12 

A. 

3.13 

A. 

B. 

Install supports for vertical copper tubing every 10 feet (3 m). I 
LABELING AND IDENTIFICATION I 

I 
I 

Install identifying labels and devices for general-service compressed-air piping, valves, 
and specialties. Comply with requirements in Division 1 5 Section "Mechanical 
Identification." 

FIELD QUALITY CONTROL I 
Perform field tests and inspections. 

Tests and Inspections: 

1. Piping Leak Tests: Test new and modified parts of existing piping. Cap and fill 
general-service compressed-air piping with oil-free dry air or gaseous nitrogen to 
pressure of 50 psig (345 kPa) above system operating pressure, but not less 
than 150 psig (I035 kPa). Isolate test source and let stand for four hours to 
equalize temperature. Refill system, if required, to test pressure; hold for two 
hours with no drop in pressure. 
Repair leaks and retest until no leaks exist. 
Inspect filters, lubricators, and pressure regulators for proper operation. 

I 
I 
I 

2. 
3. I 
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SECTION 15241 - MECHANICAL VIBRATION CONTROLS 

PART 1 - GENERAL 

1 .I 

A. 

1.2 

A. 

B. 

1.3 

A. 

1.4 

A. 

B. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes vibration isolators. 

Related Sections include the following: 

1. 
2. 
3. 

Division 15 Section "Hangers and Supports" for pipe hanger restraints. 
Division 15 Section "Metal Ductwork" for flexible duct connectors. 
Division 15 piping Sections for flexible pipe connectors. 

SUBMITTALS 

Product Data: Indicate types, styles, materials, and finishes for each type of isolator 
specified. Include load deflection curves. 

COORDINATION 

Coordinate layout and installation of vibration isolation devices with other construction 
that penetrates ceilings or is supported by them, including light fixtures, HVAC 
equipment, fire-suppression-system components, and partition assemblies. 

Coordinate installation of roof curbs, equipment supports, and roof penetrations. 
These items are specified in Division 7 Sections. 

PART 2 - PRODUCTS 

2. I 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. Isolation Technology, Inc. 
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc. 

GRW #3612 15241 - 1 



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 15241 
MECHANICAL VIBRATION CONTROLS 

2.2 

A. 

B. 

D. 

E. 

4. Vibration Eliminator Co., Inc. 
5. Vibration Isolation Co., Inc. 

VI B RAT1 ON IS 0 LATO RS 

Isolator Pads: Oil and water resistant and factory cut to sizes that match requirements 
of the equipment supported. 

I. Rubber Isolator Pads: Elastomer (neoprene or silicone) arranged in single or 
multiple layers and molded with a nonslip pattern and steel baseplates of 
sufficient stiffness to provide uniform loading over the pad area. 
Fiberglass or Cork Isolator Pads: Molded cork or glass fiber not less than 1 inch 
(25 mm) thick and precompressed through 10 compression cycles at 3 times the 
rated load. 
Load Range: From 10 to 50 psig (69 to 345 kPa) and a deflection not less than 
0.08 inch per 1 inch (2 mm per 25 mm) of thickness. Do not exceed a loading of 
50 psig (345 kPa). 

Rubber Isolator Mounts: Double-deflection type, with molded, oil-resistant rubber or 
neoprene isolator elements, with encapsulated top- and baseplates. Factory-drilled 
and tapped top plate for bolted equipment mounting. Factory-drilled baseplate for 
bolted connection to structure. Color-code to indicate capacity range. 

Spring Isolators: Freestanding, laterally stable, open-spring-type isolators. 

I. 

2. 
3. 
4. 

5. 

I 
I 2. 

3. I 
I 
I 

_ _  - 

Outside Spring Diameter: Not less than 80 percent of the compressed height of 
the spring at rated load. 
Minimum Additional Travel: 50 percent of the required deflection at rated load. 
Lateral Stiffness: More than 1.2 times the rated vertical stiffness. 
Overload Capacity: Support 200 percent of rated load, fully compressed, without 
deformation or failure. 
Baseplates: Factory drilled for bolting to structure and bonded to a 1/4-inch- (6- 
mm-) thick, rubber isolator pad attached to the baseplate underside. Size 
baseplates to limit floor loading to I00  psig (690 kPa). 

6. Top Plates: Provide threaded studs for fastening and leveling equipment. 
7. Finishes: Manufacturer's standard corrosive-resistant finish. 

Rubber Hangers: Double-deflection type, with molded, oil-resistant rubber or neoprene 
isolator elements bonded to formed-steel housings with threaded connections for 
hanger rods. Color-code to indicate capacity range. 

Spring Hangers: Combination spring and elastomeric hanger with coil spring and 
elastomeric insert in compression. 

1. Frame: Formed steel, fabricated for connection to threaded rods and to allow for 
30 degrees of angular hanger rod misalignment without binding or reducing 
isolation efficiency. 
Outside Spring Diameter: Not less than 80 percent of the compressed height of 
the spring at rated load. 
Minimum Additional Travel: 50 percent of the required deflection at rated load. 

I 
I 
I 

I 
2. 

3. 

I 
- - - - - 
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4. 
5. Finishes: Baked enamel for metal components. Color-code to indicate capacity 

Elastomeric Element: Molded, oil-resistant rubber or neoprene. 

range. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install and anchor vibration- and sound-control products according to manufacturer's 
written instructions and authorities having jurisdiction. 

B. Anchor interior mounts, isolators, and hangers to vibration isolation bases. Bolt isolator 
baseplates to structural floors as required by authorities having jurisdiction. 

C. Anchor exterior mounts, isolators, and hangers to vibration isolation bases. 
isolator baseplates to structural supports as required by authorities having jurisdiction. 

Bolt 

D. Install pipe connectors at connections for equipment supported on vibration isolators. 

3.2 ADJUSTING AND CLEANING 

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

END OF SECTION 15241 
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PART 1 - GENERAL 

SECTION 1541 0 
PLUMBING FIXTURES 

1 .I RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. This Section includes the following conventional plumbing fixtures and related 
components: 

1. 
2. 
3. Flushometers. 
4. Toilet seats. 
5. Protective shielding guards. 

. 6. Fixture supports. 
7. Water closets. 
8. Urinals. 
9. Lavatories. 
I O .  Service sinks. 
11. Service basins. 
12. Laundry trays. 
’l3. Solids interceptor. 

Faucets for lavatories and sinks. 

B. Related Sections include the following: 
1. 
2. 
3. 

Division 10 Section ”Toilet and Bath Accessories.” 
Division 15 Section “Plumbing Specialties” for backflow preventers, 
floor drains, and specialty fixtures not included in this Section. 

1.3 DEFINITIONS 

A. ABS: Acrylonitrile-butadiene-styrene plastic. 

B. Accessible Fixture: Plumbing fixture that can be approached, entered, and used 
by people with disabilities. 

C. Cast Polymer: Cast-filled-polymer-plastic material. This material includes 
cultured-marble and solid-surface materials. 

D. 

E. 

Cultured Marble: Cast-filled-polymer-plastic material with surface coating. 

Fitting: Device that controls the flow of water into or out of the plumbing fixture. 
Fittings specified in this Section include supplies and stops, faucets and spouts, 
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shower heads and tub spouts, drains and tailpieces, and traps and waste pipes. I 

F. FRP: Fiberglass-reinforced plastic. I 
Piping and general-duty valves are included where indicated. 

G. 

H. PVC: Polyvinyl chloride plastic. 

I .  Solid Surface: Nonporous, homogeneous, cast-polymer-plastic material with 

PMMA: Polymethyl methacrylate (acrylic) plastic. I 
heat-, impact-, scratch-, and stain-resistance qualities. I 

1.4 SUBMITTALS I 
A. Product Data: For each type of plumbing fixture indicated. Include selected 

fixture and trim, fittings, accessories, appliances, appurtenances, equipment, and 
supports. Indicate materials and finishes, dimensions, construction details, and 
flow-control rates. 

I 
B. Shop Drawings: Diagram power, signal, and control wiring. I 
C. Operation and Maintenance Data: For plumbing fixtures to include in emergency, 

operation, and maintenance manuals. 

Warranty: Special warranty specified in this Section. 
I 

D. 

- -_ - _ - ___ - - ._ - - _ _ _ _  - - - - - _ __ - - - - _ - - 

I .5 QUALITY ASSURANCE 

A. Source Limitations: Obtain plumbing fixtures, faucets, and other components of 
each category through one source from a single manufacturer. 

Exception: If fixtures, faucets, or other components are not available 
from a single manufacturer, obtain similar products from other 
manufacturers specified for that category. 

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. 

Regulatory Requirements: Comply with requirements in ICC A I  17.1, "Accessible 
and Usable Buildings and Facilities"; Public Law 90-480, "Architectural Barriers 
Act"; and Public Law 101-336, "Americans with Disabilities Act"; for 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. 

NSF Standard: Comply with NSF 61, "Drinking Water System Components-- 
Health Effects," for fixture materials that will be in contact with potable water. 

Select combinations of fixtures and trim, faucets, fittings, and other components 
that are compatible. 

I 
I 

I. 

B. 

I 

I 
I 
I 

__ -~ 1 

C. I 

E. 

F. 

- - 

I 
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SECTION 15410 
PLUMBING FIXTURES 

G. Comply with the following applicable standards and other requirements specified 
for plumbing fixtures: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
I O .  
11. 
12. 
13. 
14. 

Enameled, Cast-Iron Fixtures: ASME AI  12.19.1M. 
Plastic Laundry Trays: ANSI Z124.6. 
Plastic Mop-Service Basins: ANSI 2124.6. 
Plastic Shower Enclosures: ANSI 2124.2. 
Plastic Sinks: ANSI Z124.6. 
Plastic Urinal Fixtures: ANSI 2124.9. 
Plastic Whirlpool Bathtubs: ANSI Z124.1 and ASME A I  12.19.7M. 
Porcelain-Enameled, Formed-Steel Fixtures: ASME A I  12.19.4M. 
Slip-Resistant Bathing Surfaces: ASTM F 462. 
Solid-Surface-Material Lavatories and Sinks: ANSMCPA SS-? . 
Stainless-Steel Commercial, Hand wash sinks: NSF 2 construction. 
Vitreous-China Fixtures: ASME A I  12.1 9.2M. 
Water-Closet, Flushometer Tank Trim: ASSE 1037. 
Whirlpool Bathtub Fittings: ASME A I  12.19.8M. 

H. Comply with the following applicable standards and other requirements specified 
for lavatory and sink faucets: 

1. Backflow Protection Devices for Faucets with Side Spray: 
ASME A I  12.18.3M. 

2. Backflow Protection Devices for Faucets with Hose-Thread Outlet: 
ASME A112.18.3M. 

3. Diverter Valves for Faucets with Hose Spray: ASSE 1025. 
4. Faucets: ASME A112.18.1. 
5. Hose-Connection Vacuum Breakers: ASSE I01  1. 
6. Hose-Coupling Threads: ASME B1.20.7. 
7. 
8. NSF Potable-Water Materials: NSF 61. 
9. Pipe Threads: ASME B1.20.1. 
I O .  Supply Fittings: ASME A112.18.1. 
1 1. 

Integral, Atmospheric Vacuum Breakers: ASSE 1001. 

Brass Waste Fittings: ASME AI  12.1 8.2. 

I. Comply with the following applicable standards and other requirements specified 
for bathtubkhower and shower faucets: 

1 

2. 

3. 
4. 
5. 
6. 

7. 
8. 
9. 
I O .  

11. 

Backflow Protection Devices for Hand-Held Showers: 
ASME A I  12.18.3M. 
Combination, Pressure-Equalizing and Thermostatic-Control Antiscald 
Faucets: ASSE 1016. 
Deck-Mounted BathlShower Transfer Valves: ASME 18.7. 
Faucets: ASME A I  12.1 8.1. 
Hand-Held Showers: ASSE 1014. 
High-Temperature-Limit Controls for Thermal-Shock-Preventing 
Devices: ASTM F 445. 
Hose-Coupling Threads: ASME B1.20.7. 
Manual-Control Antiscald Faucets: ASTM F 444. 
Pipe Threads: ASME B I  20.1. 
Pressure-Equalizing-Control Antiscald Faucets: ASTM F 444 and 
ASSE I01 6. 
Thermostatic-Control Antiscald Faucets: ASTM F444 and 
ASSE I01 6. 
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SECTION 1541 0 
PLUMBING FIXTURES 

J. Comply with the following applicable standards and other requirements specified 
for miscellaneous fittings: 

1. Atmospheric Vacuum Breakers: ASSE 1001. 
2. Brass and Copper Supplies: ASME A I  12.18.1. 
3. Dishwasher Air-Gap Fittings: ASSE 1021. 
4. Manual-Operation Flushometers: ASSE 1037. 
5. Plastic Tubular Fittings: ASTM F 409. 
6. Brass Waste Fittings: ASME A I  12.18.2. 

K. Comply with the following applicable standards and other requirements specified 
for miscellaneous components: 
I. 
2. 
3. Flexible Water Connectors: ASME A I  12.18.6. 
4. Floor Drains: ASME A I  12.6.3. 
5. Grab Bars: ASTM F 446. 
6. Hose-Coupling Threads: ASME B1.20.7. 
7. 
8. 
9. Pipe Threads: ASME B1.20.1. 
I O .  
1 I. Plastic Toilet Seats: ANSI Z124.5. 

' 12. 
13. 

Disposers: ASSE 1008 and UL 430. 
Dishwasher Air-Gap Fittings: ASSE 1021. 

Hot-Water Dispensers: ASSE 1023 and UL 499. 
Off-Floor Fixture Supports: ASME A I  12.6.1 M. 

Plastic Shower Receptors: ANSI Z124.2. 

Supply and Drain Protective Shielding Guards: ICC A I  17.1. 
Whirlpool Bathtub Equipment: UL 1795. 

A. Special Warranties: Manufacturer's standard form in which manufacturer agrees 
to repair or replace components of whirlpools that fail in materials or 
workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 
a. 
b. Structural failures of unit shell. 
C. Faulty operation of controls, blowers, pumps, heaters, and timers. 
d. Deterioration of metals, metal finishes, and other materials 

beyond normal use. 
2. Warranty Period for Commercial Applications: One year@) from date 

of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 LAVATORY FAUCETS 

A. Lavatory Faucets: I 
l 

1. 
2. Basis-of-Design Product: Subject to compliance with requirements, 

provide the product indicated or a comparable product by one of the 
following: 

a. Symmons, Inc. 
- - - -  1 -  

I 
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SECTION 1541 0 
PLUMBING FIXTURES 

b. Kohler Co. 
C. Moen, Inc. 

2.2 

2.3 

2.4 

2.5 

SINK FAUCETS 

A. Sink Faucets: 
1. 
2. Basis-of-Design Product: Subject to compliance with requirements, 

provide the product indicated or a comparable product by one of the 
following: 

a. American Standard Companies, Inc. 
b. Chicago Faucets. 
c. Just Manufacturing Company. 
d. Kohler Co. 
e. Zurn Plumbing Products Group; Commercial Brass Operation. 

FLUSHOMETERS 

A. Flushometers: 
1. 
2. Basis-of-Design Product: Subject to compliance with requirements, 

provide the product indicated or a comparable product by one of the 
following: 

a. 
b. SIoan Valve Company. 
c. Zurn Plumbing Products Group; Commercial Brass Operation. 

TOILET SEATS 

A. Toilet Seats: 
1. ' 

2. Basis-of-Design Product: Subject to compliance with requirements, 
provide the product indicated on Drawings or a comparable product by 
one of the following: 

a. American Standard Companies, Inc. 
b. Bemis Manufacturing Company. 
C. Church Seats. 
d. Kohler Co. 
e. Olsonite Corp. 

PROTECTIVE SHIELDING GUARDS 

A. Protective Shielding Pipe Covers,: 
I. 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: 

a. Engineered Brass Co. 
b. 
C. McGuire Manufacturing Co., Inc. 

Insul-Tect Products Co.; a Subsidiary of MVG Molded Products. 
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SECTION 1541 0 
PLUMBING FIXTURES I 

I d. Plumberex Specialty Products Inc. 
e. TCI Products. 
f. Zurn Plumbing Products Group; Tubular Brass Plumbing 

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

Products Operation. i 
I 

2.6 FIXTURE SUPPORTS I 
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: I 
I. Josam Company. 
2. MIFAB Manufacturing Inc. 
3. Smith, Jay R. Mfg. Co. I 
4. 
5. 

Watts Drainage Products Inc.; a div. of Watts Industries, Inc. 
Zurn Plumbing Products Group; Specification Drainage Operation. 

1. Description: Type I, urinal carrier with fixture support plates and 
coupling with seal and fixture bolts and hardware matching fixture for 
wall-mounting, urinal-type fixture. Include steel uprights with feet. 
Accessible-Fixture Support: Include rectangular steel uprights. 

Description: Type I I ,  lavatory carrier with concealed arms and tie rod 
for wall-mounting, lavatory-type fixture. Include steel uprights with feet. 
Accessible-Fixture Support: Include rectangular steel uprights. 

Description: Type 11, sink carrier with hanger plate, bearing studs, and 
tie rod for sink-type fixture. Include steel uprights with feet. 

B. Urinal Supports,: I 

~ _ _ _ _ _ _ _ ~ _ ~ ~  ---- ___ __ - - - -- -1 

i 

I 
2. 

-- ---e:--- -Lavatory Supports,: 
1. 

2. 

D. Sink Supports,: 
I. 

__ - _ _ _ _  

I 
2.7 WATER CLOSETS I 

A. P-1 Water Closet (wall mounted) 
1. American Standard #2257.103 "Afwal1"- water saver, wall mounted, 

flush valve water closet with siphon jet action elongated bowl and 1- 
1/2" top spud. 

2. Zurn ZEMS6000AV-IS-WS1 flush valve. Provide accessories (e.g., 
power converters) for bathroom groups as needed. 

3. Olsonite #95 white, open front, fire-retardant solid plastic seat with self- 
sustaining hinge and stainless steel posts, less cover. 

4. Zurn Model 2-1203 or Z-1204 carrier, horizontally or vertically 
adjustable, single or double connection. 

P-IA Water Closet (wall mounted - handicap use) Same as P-I except mounting 
height shall be as required for use by handicapped. 

I 
i 
I 

B. I 

GRW #3612 15410 - 6 

I 



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 15410 
PLUMBING FIXTURES 

2.8 LAVATORIES 

A. P-2 & P-2A Lavatory (wall mounted) 
1. Kohler #2035-I, "Pinoir", 22" x 18" vitreous china lavatory with single 

faucet hole, overflow, self-draining deck with soap depressions and 
concealed arm supports. 

2. Delta 590 HGMHDF electronic, chrome-plated handicap-accessible 
faucet, 4" enters with grid drain, offset as required for clearances, 2 
gpm [.5 gpm] flow restrictor, I 114" tail piece. Provide required 
accessories for hardwire installation (e.g., transformer, etc.). 
Provide c.p. lavatory supplies with 3/8" angle valve with 1/2" male pipe 
thread inlet and loose key stop, 3/8" x 12" flexible riser with 3/8" female 
coupling nut, 1/2" x 3" long c.p. wall nipple and c. p. wall escutcheon 
with set screw. 

4. McGuire No. 8902CNC, 17 gauge, c.p. brass p-trap, 1-1/4" inlet, 
removable cast brass trap ell with cleanout, 1-1/2" outlet size and c.p. 
wall escutcheon. 
Zurn Model Z-1231 concealed arm carrier for wall lavatories. 
Provide protective shielding guards, as needed. 

3. 

5. 
6. 

B. P-2B & P-2C Lavatory (Drop-in) 
1. Kohler #2098-1 "Invitation" 26-1/4" x 20-1/8", self-rimming, vitreous 

china lavatory with single faucet hole and overflow. 
2. Delta 590 HGMHDF electronic, chrome-plated handicap-accessible 

faucet, 4" enters with grid drain, offset as required for clearances, 2 
gpm [.5 gpm] flow restrictor, 1 114" tail piece. Provide required 
accessories for hardwire installation (e.g., transformer, etc.). 
Provide lavatory supplies with 318" angle valve with 1/2" male pipe 
thread inlet and loose key stop, 3 / 8  x 12" flexible riser with 3/8" x 12" 
female coupling nut, 1/2" x 3" long c.p. wall nipple and c. p. wall 
escutcheon with set screw. 

4. McGuire No. 8902CNC, 17 gauge, c.p. brass p-trap, 1-1/4" inlet, 
removable cast brass trap ell with cleanout, 1-1/2" outlet size and c.p. 
wall escutcheon. 
Provide protective shielding guards, as needed. 

3. 

5. 

2.9 URINALS 

A. P-3 Urinal (wall hung) 
1. American Standard #6541 .I 32 "Allbrook", vitreous china, siphon jet 

urinal with 3/4" top spud, 2" thread outlet and wall hanger. 
2. Zurn ZEMS6003AV-IS-EWS flush valve. Provide accessories (e.g., 

power converters) for bathroom groups as needed. 
3. Zurn, Model 2-1259 back-up plate or equivalent for masonry and Z- 

1221 for stud walls. 

B. P-3A Urinal (wall hung-handicap use) 
1. Same as above except for mounting height. 

2.10 SINKS 
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A. P-4 Service Sink (floor type - corner) 
1. Fiat #MSB-2424, molded stone mop basin, 24" x 24" x I O "  high, I" wide 

shoulders, factory installed drain body with dome strainer, lint basket and 
appropriate drain connectors. 
Fiat #830-AA c.p. faucet assembly, vacuum breaker, integral stops, 
adjustable wall brace, pail hook and 314" hose thread outlet. 
Fiat #889-CC stainless steel mop hanger, #832-AA hose and wall hook, 
#E-77-AA vinyl bumper guards and #MSG2424 SS corner wall guard. 

1. Elkay STLR-3322-L, 33" X 22" X 7.5" deep and I O "  deep, 2-compartment 
sink, self-rimming, constructed of 18 gauge nickel bearing stainless steel. 

2. Elkay LK-4124-F single-lever sink faucet with post mount, aerator, 
vegetable spray and bushing, I O "  long I O "  high swing spout. 

3. Provide supplies with 1/2" angle valve with 1/2" male pipe thread inlet 
and loose key stop, flexible riser to match faucet, 1/2" x 3" long c.p. wall 
nipple and cast brass wall escutcheon with set screw. 
American Standard # 4320.024 stainless steel sink strainer drain with 
crumb cup/stopper, 1.5" c.p. brass continuous waste, 1.5" tail piece. 
McGuire No. 8912, 17 gauge, c.p. brass p-trap with 1-1/2" inlet and 
outlet, removable trap ell, and c.p. wall escutcheon.. 

2. 

3. 

B. P-6 Kitchen Sink 

4. 

5. 

C. P-6A Drop-in Sink 
1. Elkay LR-1517, 15" x 17.5" x 7.5" deep, 1- compartment sink. self- 

2. ~~ -Elkay-LK-2223 deIuxe-two-handIe-bar-faucet-w/9 7/8" high traditional - 

3. 

rimming, construction of 18 gauge nickel bearing stainless steel. 

swing spout. 
Provide supplies with 112" male pipe thread inlet and loose key stop, 

flexible riser to match faucet, 1/2" x 3" long cap. wall nipple and c. p. wall 
escutcheon with set screw. 

LK-36 2" basket strainer drain with crumb cup, 1.5" tail piece, 17 ga. 
c.p. brass P Trap. 

McGuire No. 8912CNC, 17 gauge, c.p. brass p-trap with 1-1/2" inlet 
and outlet, removable trap ell, and c.p. wall escutcheon 

__ - __ __  - - 

4. 

5. ' 

2.11 SHOWERS 

A. P-7 Shower 
1. American Standard T675.501.002 (Trim Kit) and Model # R12OSS 

pressure balancing shower valve with ceramic disc cartridge, wide 
comfort zone - 20 deg. range, handicap accessible lever operator, 
integral screwdriver check stops, lever control handle, adjustable shower 
head with 2.5 gpm flow resistor, adjustable hot limit safety stop, arm, and 
flange. Provide handheld shower unit with sliding mount on bar for ADA 
com pl ia nce . 
American Standard chrome shower bath drain. Provide traps as required 
by code. 

2. 

PART 3 - EXECUTION 
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3.01 EXAMINATION 

A. Examine roughing-in of water supply and sanitary drainage and vent piping 
systems to verify actual locations of piping connections before plumbing fixture 
installation. 

B. Examine cabinets, counters, floors, and walls for suitable conditions where 
fixtures will be installed. 

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

3.02 INSTALLATION 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I .  

J. 

K. 

Assemble plumbing fixtures, trim, fittings, and other components according to 
manufacturers' written instructions. 

Install off-floor supports, affixed to building substrate, for wall-mounting fixtures. 
Use carrier supports with waste fitting and seal for back-outlet fixtures. 

2. Use carrier supports without waste fitting for fixtures with tubular waste 
piping. 

3. Use chair-type carrier supports with rectangular steel uprights for 
accessible fixtures. 

1. 

Install back-outlet, wall-mounting fixtures onto waste fitting seals and attach to 
supports. 

Install flodr-mounting fixtures on closet flanges or other attachments to piping or 
building substrate. 

Install wall-mounting fixtures with tubular waste piping attached to supports. 

Install floor-mounting, back-outlet water closets attached to building floor 
substrate and wall bracket and onto waste fitting seals. 

Install counter-mounting fixtures in and attached to casework. 

Install fixtures level and plumb according to roughing-in drawings. 

Install water-supply piping with stop on each supply to each fixture to be 
connected to water distribution piping. Attach supplies to supports or substrate 
within pipe spaces behind fixtures. Install stops in locations where they can be 
easily reached for operation. 

Exception: Use ball, gate, or globe valves if supply stops are not 
specified with fixture. Valves are specified in Division 15 Section 
"Valves." 

1. 

Install trap and tubular waste piping on drain outlet of each fixture to be directly 
connected to sanitary drainage system. 

Install tubular waste piping on drain outlet 'of each fixture to be indirectly 
connected to drainage system. 
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L. Install flushometer valves for accessible water closets and urinals with handle 
mounted on wide side of compartment. Install other actuators in locations that 
are easy for people with disabilities to reach. 

Install tanks for accessible, tank-type water closets with lever handle mounted 
on wide side of compartment. 

Install toilet seats on water closets. 

Install trap-seal liquid in dry urinals. 

Install faucet-spout fittings with specified flow rates and patterns in faucet spouts 
if faucets are not available with required rates and patterns. Include adapters if 
required. 

Q. Install water-supply flow-control fittings with specified flow rates in fixture 
supplies at stop valves. 

R. Install faucet flow-control fittings with specified flow rates and patterns in faucet 
spouts if faucets are not available with required rates and patterns. Include 
adapters if required. 

Install shower flow-control fittings with specified maximum flow rates in shower 
arms. 

Install traps on fixture outlets. 

2. 

Install disposer in outlet of each sink indicated to have disposer. Install switch 
where indicated or in wall adjacent to sink if location is not indicated. 

Install dishwasher air-gap fitting at each sink indicated to have air-gap fitting. 
Install in sink deck. Connect inlet hose to dishwasher and outlet hose to 
disposer. 

Install hot-water dispensers in back top surface of sink or in countertop with 
spout over sink. 

M. 

N. 

0. 

P. 

S. 

T. 
- _ _ - - 1, Exception: Omit trap on fixtures with integral traps. _ _  _ -  __ 

Exception: Omit trap on indirect wastes, unless otherwise indicated. 

U. 

V. 

W. 

X. Install escutcheons at piping wall ceiling penetrations in exposed, finished 
locations and within cabinets and millwork. Use deep-pattern escutcheons if 
required to conceal protruding fittings. Escutcheons are specified in Division 15 
Section "Basic Mechanical Materials and Methods." ~ 

Y. 

Z. 

- 

GRW #3612 

Set bathtubs shower receptors and service basins in leveling bed of cement 
grout. Grout is specified in Division 15 Section "Basic Mechanical Materials and 
Methods." 

Seal joints between fixtures and walls, floors, and countertops using sanitary- 
type, one-part, mildew-resistant silicone sealant. Match sealant color to fixture 
color. Sealants are specified in Division 7 Section "Joint Sealants." 
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3.03 CONNECTIONS 

A. Piping installation requirements a r e  specified in other Division 15 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 

B. Connect fixtures with water supplies, stops,  and risers, and with traps, soil, 
waste, and vent piping. Use size fittings required to match fixtures. 

Ground equipment according to Division 16 Section "Grounding and Bonding." 

Connect wiring according to Division 16 Section "Conductors and Cables." 

C. 

D. 

3.04 FIELD QUALITY CONTROL 

A. Verify that installed plumbing fixtures a re  categories and types specified for 
locations where installed. 

B. Check that plumbing fixtures are complete with trim, faucets, fittings, and other 
specified components. 

Inspect installed plumbing fixtures for damage. Replace damaged fixtures and 
components. 

Test  installed fixtures after water systems a r e  pressurized for proper operation. 
Replace malfunctioning fixtures and components, then retest. Repeat procedure 
until units operate properly. 

C. 

D. 

E. Install fresh batteries in sensor-operated mechanisms. 

3.05 ADJUSTING 

A. Operate and adjust faucets and controls. Replace damaged and malfunctioning 
fixtures, fittings, and controls. 

B. Operate and adjust disposers and controls. Replace damaged and 
malfunctioning units and controls. 

C. Adjust water pressure a t  faucets and  flushometer valves to produce proper flow 
and stream. 

D. Replace washers and seals of leaking and dripping faucets and stops. 

E. Install fresh batteries in sensor-operated mechanisms. 

3.06 CLEANING 

A. Clean fixtures, faucets, and other fittings with manufacturers' recommended 
cleaning methods and materials. Do the following: 

Remove faucet spouts and strainers, remove sediment and debris, and 
reinstall strainers and spouts. 

1. 

2. Remove sediment and debris from drains. 
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B. After completing installation of exposed, factory-finished fixtures, faucets, and 
fittings, inspect exposed finishes and repair damaged finishes. 

3.07 PROTECTION 

A. Provide protective covering for installed fixtures and fittings. 

B. Do not allow use of plumbing fixtures for temporary facilities unless approved in 
writing by Owner. 

END OF SECTION 15410 

- 
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SECTION 15412 - EMERGENCY PLUMBING FIXTURES 

PART 1 - GENERAL 

I .I 

A. 

I .2 

A. 

B. 

1.3 

A. 

B. 

C. 

D. 

I .4 

A. 

B. 

C. 

D. 

RELATED DOCUMENTS 

Drawings and general provisia 

SECTION 15412 
EMERGENCY PLUMBING FIXTURES 

s of the Contract, including Ge ral and 
Supplementary Conditions and Division I Specification Sections, appl; to this Section. 

SUMMARY 

This Section includes the following emergency plumbing fixtures: 

1. Combination units. 
2. Water-tempering equipment. 

Related Sections include the following: 

I .  

2. 

Division 15 Section "Plumbing Specialties" for backflow preventers and floor 
drains. 
Division 15 Section "Water Filtration Equipment" for water filters. 

DEFINITIONS 

Accessible Fixture: Emergency plumbing fixture that can be approached, entered, and 
used by people with disabilities. 

Plumbed Emergency Plumbing Fixture: Fixture with fixed, potable-water supply. 

Self-contained Emergency Plumbing Fixture: Fixture with flushing-fluid-solution 
supply. 

Tepid: Moderately warm. 

SU BM ITTALS 

Product Data: For each type of product indicated. Include flow rates and capacities, 
furnished specialties, and accessories. 

Shop Drawings: Diagram power, signal, and control wiring. 

Product Certificates: Submit certificates of performance testing specified in "Source 
Quality Control" Article. 

Field quality-control test reports. 
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E. Operation and Maintenance Data: 
maintenance manuals. 

For emergency plumbing fixtures to include in 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 

B. ANSI Standard: Comply with ANSI 2358.1, "Emergency Eyewash and Shower 
Equipment." 

C. Regulatory Requirements: Comply with requirements in ICC A I  17.1, "Accessible and 
Usable Buildings and Facilities"; Public Law 90-480, "Architectural Barriers Act"; and 
Public Law 101 -336, "Americans with Disabilities Act"; for plumbing fixtures for people 
with disabilities. 

D. NSF Standard: Comply with NSF 61, "Drinking Water System Components--Health 
Effects," for fixture materials that will be in contact with potable water. 

PART 2 - PRODUCTS 

~ __ _- - ___- COMBINATION UNITS (fixture P-8 on plans) 
_. _ -- - ___ - ___ - _ _ _ ~ - _ _  - _ -  _ _  - - - - - 

2.1 
_- ____ _ 

A. Combination Units: 

I. 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: 

a. Bradley Corporation. 
b. Guardian Equipment Co. 
c. Haws Corporation. 
d. Speakman Company. 

2. Description: Plumbed, accessible, freestanding, with emergency shower and 
eyelface wash equipment. 

a. Piping: Painted Galvanized steel. 

1) 
2) 
3) 

4) 

Unit Supply: NPS 1-1/4 (DN 32) minimum. 
Unit Drain: Outlet at side near bottom. 
Shower Supply: NPS 1 (DN 25) with flow regulator and stay-open 
control valve. 
Eye/Face Wash Supply: NPS 1/2 (DN 15) with flow regulator and 
stay-open control valve. 

b. Shower Capacity: Deliver potable water at rate not less than 20 gpm 
(76 L/min.) for at least 15 minutes. 

- - - - 
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SECTION 1541 2 
EMERGENCY PLUMBING FIXTURES 

I) Control-Valve Actuator: Pull rod. 
2) Shower Head: 8-inch (200-mm) minimum diameter, chrome-plated 

brass or stainless steel. 

c. Eye/Face Wash Equipment: With capacity to deliver potable water at rate 
not less than 3.0 gpm (I 1.4 Llmin.) for at least 15 minutes. 

1) Control-Valve Actuator: Paddle. 
2) Receptor: Chrome-plated brass or stainless-steel bowl. 

2.2 WATER-TEMPERING EQUIPMENT 

A. Water-Tempering Equipment: 

I. 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: 

a. Bradley Corporation. 
b. Haws Corporation. 
c. Lawler Manufacturing Co., Inc. 
d. Leonard Valve Company. 
e. Powers, a Watts Industries Co. 
f. Speakman Company. 

2. Description: Factory-fabricated, hot- and cold-water-tempering equipment with 
thermostatic mixing valve. 

a. Thermostatic Mixing Valve: Designed to provide 85 deg F (29 deg C) 
tepid, potable water at emergency plumbing fixtures, to maintain 
temperature at plus or minus 5 deg F (3 deg C) throughout required 15- 
.minute test period, and in case of unit failure to continue cold-water flow, 
with union connections, controls, metal piping, and corrosion-resistant 
enclosure. 

PART 3 - EXECUTION 

3.1 EXAM INATION 

A. Examine roughing-in for water and waste piping systems to verify actual locations of 
piping connections before plumbed emergency plumbing fixture installation. 

I. Proceed with installation only after unsatisfactory conditions have been 
corrected. 
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3.2 EMERGENCY PLUMBING FIXTURE INSTALLATION 

A. Assemble emergency plumbing fixture piping, fittings, control valves, and other 
components. 

B. Install fixtures level and plumb. 

C. Fasten fixtures to substrate. 

D. Install shutoff valves in water-supply piping to fixtures. Use ball, gate, or globe valve if 
specific type valve is not indicated. Install valves chained or locked in open position if 
permitted. Install valves in locations where they can easily be reached for operation. 
Valves are specified in Division 15 Section "Valves." 

1. 

2. 

Exception: Omit shutoff valve on supply to group of plumbing fixtures that 
includes emergency plumbing fixture. 
Exception: Omit shutoff valve on supply to emergency equipment if prohibited by 
authorities having jurisdiction. 

E. Install dielectric fitting in supply piping to fixture if piping and fixture connections are 
made of different metals. Dielectric fittings are specified in Division 15 Section "Basic 
Mechanical Materials and Methods." 

F. Install thermometers in supply and outlet piping connections to water-tempering 
equipment. Thermometers are specified in Division 15 Section "Meters and Gages." 

- - ___ - - __ 
G:- Install trap and wa3te to wall-on drain outlet of fiRture rmeptoE that me-inidicated to be 

directly connected to drainage system. 

H. Install indirect waste piping to wall on drain outlet of fixture receptors that are indicated 
to be indirectly connected to drainage system. Drainage piping is specified in 
Division 15 Section "Sanitary Waste and Vent Piping." 

I. Install escutcheons on piping wall and ceiling penetrations in exposed, finished 
locations. Escutcheons are specified in Division 15 Section "Basic Mechanical 
Materials and Methods." 

J. Install equipment nameplates or equipment markers on fixtures and equipment signs 
on water-tempering equipment. Identification materials are specified in Division 15 
Section "Mechanical Identification." 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections. Drawings 
indicate general arrangement of piping, fittings, and specialties. 

B. Connect hot- and cold-water-supply piping to hot- and cold-water-tempering 
equipment. Connect output from water-tempering equipment to emergency plumbing 
fixtures. 
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C. Directly connect emergency plumbing fixture receptors with trapped drain outlet to 
sanitary drainage and vent piping. 

D. Indirectly connect emergency plumbing fixture receptors without trapped drain outlet to 
sanitary or storm drainage piping. 

3.4 FIELD QUALITY CONTROL 

1 

A. Mechanical-Component Testing: After plumbing connections have been made, test for 
compliance with requirements. Verify ability to achieve indicated capacities and 
temperatures. 

B. Repair or replace malfunctioning units. Retest as specified above after repairs or 
replacements are made. 

C. Report test results in writing. 

3.5 AD JUST1 NG 

A. Adjust or replace fixture flow regulators for proper flow. 

B. Adjust equipment temperature settings. 

END OF SECTION 1541 2 
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SECTION 15415 - DRINKING FOUNTAINS AND WATER COOLERS 

PART 1 - GENERAL 

I .I 

I .2 

1.3 

1.4 

1.5 

RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this 
Section. 

SUMMARY 

A. This Section includes the following water coolers and related components: 

I. Pressure water coolers. 
2. Fixture supports. 

DEFINITIONS 

A. Accessible Water Cooler: Fixture that can be approached and used by people 
with disabilities. 

B. 

C. 

D. 

Fitting: Device that controls flow of water into or out of fixture. 

Fixture: Drinking fountain or water cooler unless one is specifically indicated. 

Water Cooler: Electrically powered fixture for generating and delivering cooled 
drinking water. 

SUBMITTALS 

A. Product Data: For each fixture indicated. Include rated capacities, furnished 

B. 

C. Field quality-control test reports. 

specialties, and accessories. 

Shop Drawings: Diagram power, signal, and control wiring. 

D. Operation and Maintenance Data: For fixtures to include in emergency, 
operation, and maintenance manuals. 

QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined 
in NFPA 70, Article 100, by a testing agency acceptable to authorities having 
jurisdiction, and marked for intended use. 

Regulatory Requirements: Comply with requirements in ICC A I  17.1, "Accessible 
and Usable Buildings and Facilities"; Public Law 90-480, "Architectural Barriers 
Act"; and Public Law 101-336, "Americans with Disabilities Act"; for fixtures for 
people with disabilities. 

B. 
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I 
I 

C. NSF Standard: Comply with NSF 61, "Drinking Water System Components-- 
Health Effects," for fixture materials that will be in contact with potable water. 

D. ARI Standard: Comply with ARI 101 0, "Self-Contained, Mechanically 
Refrigerated Drinking-Water Coolers," for water coolers and with ARl's "Directory 
of Certified Drinking Water Coolers" for type and style classifications. 

E. ASHRAE Standard: Comply with ASHRAE 34, "Designation and Safety 
Classification of Refrigerants," for water coolers. Provide HFC 134a 
(tetrafluoroethane) refrigerant, unless otherwise indicated. 

PART 2 - PRODUCTS 

2.1 PRESSURE WATER COOLERS 

A. Hi/Lo Water Cooler (P-5): 

1. Basis-of-Design Product: Subject to compliance with requirements, 
provide the product indicated below or a comparable product by one of 
the following: 

a. 
b. Halsey Taylor. 
C. Haws Corporation. 
d. Oasis Corporation. 

Elkay Manufacturing Co., Model LRPBM28RAC 

_ _  ____ - 
2,- DZsEri$oEAccessibk, BFLevel, Recessed, Wall-Mount Water Cooler. 

a. Cabinet: All stainless steel. 
b. 
C. Control: Push button. 
d. 
e. 

Bubbler: Two, stainless, with adjustable stream regulator. 

Supply: NPS 318 (DN IO) with ball, gate, or globe valve. 
Filter: One or more water filters complying with NSF 42 and NSF 
53 for cyst and lead reduction to below EPA standards; with 
capacity sized for unit peak flow rate. 

f. Drain: Grid with NPS 1-114 (DN 32) minimum horizontal waste 
and trap complying with ASME A I  12.1 8.2. 

g. Cooling System: Electric, with hermetically sealed compressor, 
cooling coil, air-cooled condensing unit, corrosion-resistant tubing, 
refrigerant, corrosion-resistant-metal storage tank, and adjustable 
thermostat. 

1) Capacity: 8 gph (0.0084 L/s) of 50 deg F (IO deg C) 
cooled water from 80 deg F (27 deg C) inlet water and 90 
deg F (32 deg C) ambient air temperature. 

2) Electrical Characteristics: 1/5HP; 120-VAC; single phase; 
60 Hz. 

h. Support: Mounting frame or brackets for attaching to substrate. 

B. Hi/Lo Water Cooler (P-5A): 

I 

I 
I 
I 
I 
I 
I 
I 

--I 

I 
I 
I 
I 
I 
I 
I 
I 
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I. Basis-of-Design Product: Subject to compliance with requirements, 
provide the product indicated below or a comparable product by one of 
the following: 

2.2 

a. 
b. Halsey Taylor. 
C. Haws Corporation. 
d. Oasis Corporation. 

Description: Accessible, Bi-Level, Modular, Wall-Mount Water Cooler. 

Elkay Manufacturing Co., Model LZSTL8C 

2. 

a. Cabinet: All stainless steel. 
b. 
C. Control: Push button. 
d. 
e. 

Bubbler: Two, stainless, with adjustable stream regulator. 

Supply: NPS 3/8 (DN IO) with ball, gate, or globe valve. 
Filter: One or more water filters complying with NSF 42 and NSF 
53 for cyst and lead reduction to below EPA standards; with 
capacity sized for unit peak flow rate. 

f. Drain: Grid with NPS 1-1/4 (DN 32) minimum horizontal waste 
and trap complying with ASME A I  12.1 8.2. 

g. Cooling System: Electric, with hermetically sealed compressor, 
cooling coil, air-cooled condensing unit, corrosion-resistant tubing, 
refrigerant, corrosion-resistant-metal storage tank, and adjustable 
thermostat. 

1) Capacity: 8 gph (0.0084 L/s) of 50 deg F (IO deg C) 
cooled water from 80 deg F (27 deg C) inlet water and 90 
deg F (32 deg C) ambient air temperature. 

2) Electrical Characteristics: 1/5HP; 120-VAC; single phase; 
60 Hz. 

h. Support: Mounting frame or brackets for attaching to substrate. 

FIXTURE SUPPORTS 

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. Josam Co. 
2. MIFAB Manufacturing, Inc. 
3. Smith, Jay R. Mfg. Co. 
4. Watts Drainage Products Inc.; a div. of Watts Industries, Inc. 
5. Zurn Plumbing Products Group; Specification Drainage Operation. 

B. Description: ASME A I  12.6.1M, water cooler carriers. Include vertical, steel 
uprights with feet and tie rods and bearing plates with mounting studs matching 
fixture to be supported. 

1. Supports for Accessible Fixtures: Include rectangular, vertical, steel 
uprights instead of steel pipe uprights. 
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PART 3 - EXECUTION 

3.1 

3.2 

3.3 

EXAM I NATI ON 

A. Examine roughing-in for water and waste piping systems to verify actual 
locations of piping connections before fixture installation. Verify that sizes and 
locations of piping and types of supports match those indicated. 

Examine walls and floors for suitable conditions where fixtures are to be installed. B. 

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

APPLl CAT1 ON S 

A. Use carrier off-floor supports for wall-mounting fixtures, unless otherwise 
indicated. 

B. 

C. Use chrome-plated brass or copper tube, fittings, and valves in locations 
Plain copper tube, fittings, and valves may be used in 

Use mounting frames for recessed water coolers, unless otherwise indicated. 

exposed to view. 
concealed locations. 

I NSTALLATI ON 

A;--- -- Install- mounting--frames--affixed--to--building construction and attach--recessed 
water coolers to mounting frames, unless otherwise indicated. 

B. Install fixtures level and plumb. For fixtures indicated for children, install at height 
required by authorities having jurisdiction. 

C. Install water-supply piping with shutoff valve on supply to each fixture to be 
connected to water distribution piping. Use ball, gate, or globe valve. Install 
valves in locations where they can be easily reached for operation. Valves are 
specified in Division 15 Section "Valves." 

Install trap and waste piping on drain outlet of each fixture to be connected to 
sanitary drainage system. 

Install pipe escutcheons at wall penetrations in exposed, finished locations. Use 
deep-pattern escutcheons where required to conceal protruding pipe fittings. 
Escutcheons are specified in Division 15 Section "Basic Mechanical Materials 
and Methods." 

Seal joints between fixtures and walls and floors using sanitary-type, one-par&, 
mildew-resistant, silicone sealant. Match sealant color to fixture color. Sealants 
are specified in Division 7 Section "Joint Sealants." 

D. 

E. 

. 

F. 

3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Division 15 Sections. 
Drawings indicate general arrangement of piping, fittings, and specialties. 
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B. 

C. 

D. 

Connect fixtures with water supplies, stops, and risers, and with traps, soil, 
waste, and vent piping. Use size fittings required to match fixtures. 

Ground equipment according to Division 16 Section "Grounding and Bonding." 

Connect wiring according to Division 16 Section "Conductors and Cables." 

3.5 FIELD QUALITY CONTROL 

A. Water Cooler Testing: 
compliance with requirements. Test and adjust controls and safeties. 

1. 
2. 

After electrical circuitry has been energized, test for 

Remove and replace malfunctioning units and retest as specified above. 
Report test results in writing. 

3.6 ADJUSTING 

A. 

B. 

Adjust fixture flow regulators for proper flow and stream height. 

Adjust water cooler temperature settings. 

3.7 CLEANING 

A. 

B. 

After completing fixture installation, inspect unit. Remove paint splatters and 
other spots, dirt, and debris. Repair damaged finish to match original finish. 

Clean fixtures, on completion of installation, according to manufacturer's written 
instructions. 

END OF SECTION 15415 

GRW #3612 15415 - 5 





SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 15430 - DOMESTIC WATER PIPING SPECIALTIES 

PART 1 - GENERAL 

1 .I RELATED DOCUMENTS 

SECTION 15430 
PLUMBING SPECIALTIES 

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

1.2 SUMMARY 

A. This Section includes the following domestic water piping specialties: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
I O .  
11. 

Backflow preventers. 
Water pressure-reducing valves. 
Balancing valves. 
Temperature-actuated water mixing valves. 
Strainers. 
Outlet boxes. 
Hose bibbs. 
Wall hydrants. 
Drain valves. 
Water hammer arresters. 
Trap-seal primer valves. 

B. Related Sections include the following: 

1. Division 22 Section "Meters and Gages for Plumbing Piping" for thermometers, 
pressure gages, and flow meters in domestic water piping. 

2. Division 22 Section "Domestic Water Piping" for water meters. 
3. Division 22 Section "Domestic Water Filtration Equipment" for water filters in 

domestic water piping. 
4. Division 22 Section "Healthcare Plumbing Fixtures" for thermostatic mixing valves 

for sitz baths, thermostatic mixing-valve assemblies for hydrotherapy equipment, 
and outlet boxes for dialysis equipment. 
Division 22 Section "Emergency Plumbing Fixtures" for water tempering equipment. 
Division 22 Section "Drinking Fountains and Water Coolers" for water filters for 
water coolers. 

5. 
6. 

1.3 PERFORMANCE REQUIREMENTS 

A. Minimum Working Pressure for Domestic Water Piping Specialties: 125 psig (860 kPa), 
unless otherwise indicated. 

I .4 SUBMITTALS 

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

B. Shop Drawings: Diagram power, signal, and control wiring. 
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C. Field quality-control test reports. 

D. Operation and Maintenance Data: For domestic water piping specialties to include in 
emergency, operation, and maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. NSF Compliance: 

1. Comply with NSF 14, "Plastics Piping Components and Related Materials," for 
plastic domestic water piping components. 

2. Comply with NSF 61, "Drinking Water System Components - Health Effects; 
Sections 1 through 9." 

PART 2 - PRODUCTS 

2.1 BACKFLOW PREVENTERS 

A. Intermediate Atmospheric-Vent Backflow Preventers Insert drawing designation if any: 

I. 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: 

a. Conbraco Industries, Inc. 
b. Watts-Industries, Inc.;-Water-Products-Div. - - - 

c. Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1012. 
3. Operation: Continuous-pressure applications. 
4. Body: Bronze. 
5. 
6. Finish: Rough bronze. 

End Connections: Union, solder joint. 

B. Reduced-Pressure-Principle Backflow Preventers: 

I. 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: 

a. Conbraco Industries, Inc. 
b. 
c. 

Watts Industries, Inc.; Water Products Div. 
Zurn Plumbing Products Group; Wilkins Div. 

2. Standard: ASSE 1013. 
3. Operation: Continuous-pressure applications. 
4. 
5. 
6. 

7. 

Pressure Loss: 12 psig (83 kPa) maximum, through middle 1/3 of flow range. 
Size: Line size on plans. 
Body: Bronze for NPS 2 (DN 50) and smaller; stainless steel for NPS 2-112 (DN 65) 
and larger. 
End Connections: Threaded for NPS 2 (DN 50) and smaller; flanged for NPS 2-112 
(DN 65) and larger. 
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8. Accessories: 

a. Valves: Ball type with threaded ends on inlet and outlet ofNPS 2 (DN 50) and 
smaller; outside screw and yoke gate-type with flanged ends on inlet and 
outlet of NPS 2-112 (DN 65) and larger. 
Air-Gap Fitting: ASME A I  12.1 2 ,  matching backflow-preventer connection. b. 

c. Strainer with valved blowdown. 

C. Hose-Connection Backflow Preventers: 

SECTION 15430 
PLUMBING SPECIALTIES 

1. 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: 

a. Conbraco Industries, Inc. 
b. 
c. Woodford Manufacturing Company. 

Operation: Up to IO-foot head of water (30-kPa) back pressure. 
Inlet Size: NPS 112 or NPS 314 (DN 15 or DN 20). 
Outlet Size: Garden-hose thread complying with ASME 91 20.7. 
Capacity: At least 3-gpni (0.19-Lls) flow. 

Watts Industries, Inc.; Water Products Div. 

2. Standard: ASSE 1052. 
3. 
4. 
5. 
6. 

2.2 WATER PRESSU RE-REDUCI NG VALVES 

A. Water Regulators: 

1. 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: 

a. Conbraco Industries, Inc. 
b. 
c. 

2. Standard: ASSE 1003. 
3. Pressure Rating: Initial working pressure of 150 psis (I 035 kPa). 
4. Size: Line size on plans. 
5. Body: Bronze for NPS 2 (DN 50) and smaller; cast iron with interior lining 

complying with AWWA C550 or that is FDA approved for NPS 2-1/2 and NPS 3 
(DN 65 and DN 80). 
Valves for Booster Heater Water Supply: Include integral bypass. 
End Connections: Threaded for NPS 2 (DN 50) and smaller; flanged for NPS 2-112 
and NPS 3 (DN 65 and DN 80). 

Watts Industries, Inc.; Water Products Div. 
Zurn Plumbing Products Group; Wilkins Div. 

6. 
7. 

2.3 BALANCING VALVES , 
A. Copper-Alloy Calibrated Balancing Valves: 

1. 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: 
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a. 
b. NIBCO INC. 
c. 

Type: Ball valve with two readout ports and memory setting indicator. 

Size: Same as connected piping, but not larger than NPS 2 (DN 50). 
Accessories: Meter hoses, fittings, valves, differential pressure meter, and carrying 
case. 

Meter hoses, fittings, valves, differential pressure meter, and carrying 

ITT Industries; Bell & Gossett Div. 

Watts Industries, Inc.; Water Products Div. 

2. 
3. Body: Brass or bronze, 
4. 
5. 

Accessories: 
case. 

B. 

2.4 TEMPEMTURE-ACTUATED WATER MIXING VALVES 

A. Primary, Thermostatic, Water Mixing Valves: 

I. 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: 

a. Leonard Valve Company. 
b. 
c. Symmons Industries, Inc. 

Powers; a Watts Industries Co. 

2. Standard: ASSE 1017. 

4. 
5. 
6. Connections: Threaded union inlets and outlet. 
7. 

8. 
9. 
I O .  Valve Finish: Rough bronze. 
11. Piping Finish: Copper. 
12. Cabinet: Factory-fabricated, stainless steel, for surface mounting and with hinged, 

stainless-steel door. 

- __ 3. _ _ _ ~ - - - -  Pressure Rating: 125 psig (860 kPa). - _- 
Type: Cabinet-type, thermostatically controlled water mixing valve. 
Material: Bronze body with corrosion-resistant interior components. 

Accessories: 
supplies, thermometer, and adjustable, temperature-control handle. 
Valve Pressure Rating: 125 psig (860 kPa) minimum, unless otherwise indicated. 
Tempered-Water Setting: 120 deg F (deg C). 

Manual temperature control, check stops on hot- and cold-water 

B. Individual-Fixture, Water Tempering Valves: 

1. 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: 

a. Leonard Valve Company. 
b. 
c. 
d. 

Standard: ASSE 101 6, thermostatically controlled water tempering valve. 
Pressure Rating: 125 psig (860 kPa) minimum, unless otherwise indicated. 
Body: Bronze body with corrosion-resistant interior components. 

Powers; a Watts Industries Co. 
Watts Industries, Inc.; Water Products Div. 
Zurn Plumbing Products Group; Wilkins Div. 

2. 
3. 
4. 
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5. Temperature Control: Adjustable. 
6. Inlets and Outlet: Threaded. 
7. 
8. 

Finish: Rough or chrome-plated bronze. 
Tempered-Water Setting: 120 deg F 

2.5 STRAINERS FOR DOMESTIC WATER PIPING 

A. Y-Pattern Strainers: 

1. Pressure Rating: 125 psig (860 kPa) minimum, unless otherwise indicated. 
2. Body: Bronze for NPS 2 (DN 50) and smaller; cast iron with interior lining 

complying with AWWA C550 or FDA-approved, epoxy coating and for NPS 2-1/2 
(DN 65) and larger. 
End Connections: Threaded for NPS 2 (DN 50) and smal1er;flanged for NPS 2-112 
(DN 65) and larger. 
Screen: Stainless steel with round perforations, unless otherwise indicated. 

3. 

4. 
5. Perforation Size: 

a. 
b. 
c. 

Drain: Factory-installed, hose-end drain valve. 

StrainersNPS 2 (DN 50) and Smaller: 0.033 inch (0.84 mm). 
Strainers NPS 2-1/2 to NPS 4 (DN 65 to DN 100): 0.062 inch (1.57 mm). 
Strainers NPS 5 (DN 125) and Larger: 0.125 inch (3.18 mm). 

6. 

2.6 OUTLET BOXES 

A. Clothes Washer Outlet Boxes (P-9): 

I. 

2. 
3. 
4. 

5. 

6. 

7. 

8. 

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: 

a. 
b. 
c. 

Mounting: Recessed. 
Material and Finish: Enameled-steel or epoxy-painted-steel box and faceplate. 
Faucet: Combination, valved fitting or separate hot- and cold-water, valved fittings 
complying with ASME A I  12.1 8.1. Include garden-hose thread complying with 
ASME B1.20.7 on outlets. 
Supply Shutoff Fittings: NPS 1/2 (DN 15) gate, globe, or ball valves and NPS 112 
(DN 15) copper, water tubing. 
Drain: NPS 2 (DN 50) standpipe and P-trap for direct waste connection to drainage 
piping. 
Inlet Hoses: Two 60-inch- (1 500-mm-) long, rubber household clothes washer inlet 
hoses with female, garden-hose-thread couplings. Include rubber washers. 
Drain Hose: One 48-inch- (1200-mm-) long, rubber household clothes washer drain 
hose with hooked end. 

Guy Gray Manufacturing Co., Inc. 
Watts Industries, Inc.; Water Products Div. 
Zurn Plumbing Products Group; Light Commercial Operation. 

B. lcemaker & Coffee Maker Outlet Boxes (P-IO): 
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1. 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: 

a. Acorn Engineering Company. 
b. IPS Corporation. 
c. Oatey. 

2. Mounting: Recessed. 
3. Material and Finish: Enameled-steel or epoxy-painted-steel box and faceplate. 
4. Faucet: Valved fitting complying with ASME A112.18.1. Include NPS 1/2 

(DN 15) or smaller copper tube outlet. 
5. Supply Shutoff Fitting: NPS 1/2 (DN 15) gate, globe, or ball valve and NPS 1/2 

(DN 15) copper, water tubing. 

2.7 HOSE BIBBS 

A. Hose Bibbs (HB): 

1. 
2. 
3. 
4. 

5. 
.. ~ 6.. 

7. 

8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 

Standard: ASME A I  12.18.1 for sediment faucets. 
Body Material: Bronze. 
Seat: Bronze, replaceable. 
Supply Connections: NPS 1/2 or NPS 314 (DN 15 or DN 20) threaded or solder- 
joint inlet. 
Outlet Connection: Garden-hose thread complying with ASME B1.20.7. 

Vacuum Breaker: Integral nonremovable, drainable, hose-connection vacuum 
breaker complying with ASSE 101 1. 
Finish for Equipment Rooms: Rough bronze, or chrome or nickel plated. 
Finish for Service Areas: Rough bronze. 
Finish for Finished Rooms: Chrome or nickel plated. 
Operation for Equipment Rooms: Wheel handle or operating key. 
Operation for Service Areas: Wheel handle. 
Operation for Finished Rooms: Operating key. 
Include operating key with each operating-key hose bibb. 
Include integral wall flange with each chrome- or nickel-plated hose bibb. 

-Pressure_Rati ng : 1 25_psig_( 860-kPa) .- -~ __ _ - - - -_____ - -- - 

2.8 WALL HYDRANTS 

A. Nonfreeze Wall Hydrants (WH): 

1. 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: 

a. Watts Drainage Products Inc. 
b. Woodford Manufacturing Company. 
c. Zurn Plumbing Products Group; Specification Drainage Operation. 

Standard: ASME A I  12.21.3M for exposed-outlet, self-draining wall hydrants. 
Pressure Rating: 125 psig (860 kPa). 

2. 
3. 
4. Operation: Loose key. - __ _ -  - _ -  

15430 - 6 GRW #3612 

I 
I 
I 
I 
I 
I 
I 
I 
I 

-- I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 15430 
PLUMBING SPECIALTIES 

5. Casing and Operating Rod: Of length required to match wall thickness. Include 
wall clamp. 

6. Inlet: NPS 3/4 or NPS 1 (DN 20 or DN 25). 
7. Outlet: Concealed, with integral vacuum breaker and garden-hose thread 

complying with ASME B1.20.7. ' 

8. Box: Deep, flush mounting, with cover. 
9. Box and Cover Finish: Polished nickel bronze. 
I O .  Operating Keys(s): Two with each wall hydrant. 

2.9 DRAIN VALVES 

I 

A. Ball-Valve-Type, Hose-End Drain Valves: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Standard: MSS SP-1 I O  for standard-port, two-piece ball valves. 
Pressure Rating: 400-psig (2760-kPa) minimum CWP. 
Size: NPS 3/4 (DN 20). 
Body: Copper alloy. 
Ball: Chrome-plated brass. 
Seats and Seals: Replaceable. 
Handle: Vinyl-covered steel. 
Inlet: Threaded or solder joint. 
Outlet: Threaded, short nipple with garden-hose thread complying with 
ASME B1.20.7 and cap with brass chain. 

2.10 WATER HAMMER ARRESTERS 

A. Water Hammer Arresters: 

1. 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: 

a. AMTROL, Inc. 
b. Watts Drainage Products Inc. 
c. 

2. Standard: ASSE I O I O  or PDI-WH 201. 
3. Type: Copper tube with piston. 
4. Size: ASSE 1010, Sizes AA and A through F or PDI-WH 201, Sizes A through F. 

Zurn Plumbing Products Group; Specification Drainage Operation. 

2.1 I TRAP-SEAL PRIMER VALVES 

A. Supply-Type, Trap-Seal Primer Valves: 

1. 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: 

a. MIFAB, Inc. 
b. 
c. 

Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc. 
Watts Industries, Inc.; Water Products Div. 
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SECTION 15430 
PLUMBING SPECIALTIES 

2. Standard: ASSE 1018. 
3. 
4. Body: Bronze. 
5. 
6. 
7. 

Pressure Rating: 125 psig (860 kPa) minimum. 

Inlet and Outlet Connections: NPS 112 (DN 15) threaded, union, or solder joint. 
Gravity Drain Outlet Connection: NPS 112 (DN 15) threaded or solder joint. 
Finish: Chrome plated, or rough bronze for units used with pipe or tube that is not 
chrome finished. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Refer to Division 22 Section "Common Work Results for Plumbing" for piping joining 
materials, joint construction, and basic installation requirements. 

Install backflow preventers in each water supply to mechanical equipment and systems 
and to other equipment and water systems that may be sources of contamination. 
Comply with authorities having jurisdiction. 

1. Locate backflow preventers in same room as connected equipment or system. 
2. lnstall drain for backflow preventers with atmospheric-vent drain connection with 

air-gap fitting, fixed air-gap fitting, or equivalent positive pipe separation of at least 
two pipe diameters in drain piping and pipe to floor drain. Locate air-gap device 
attached to or under backflow preventer. Simple air breaks are not acceptable for 
this application. 

B. 

- - - - 3. - - Do-not install-bypass piping around backflow preventers. - ~- - -  - 

C. 

D. 

E. 

F. 

Install water regulators with inlet and outlet shutoff valves. Install pressure gages on 
inlet and outlet. 

Install water control valves with inlet and outlet shutoff valves and bypass with globe 
valve. Install pressure gages on inlet and outlet. 

Install balancing valves in locations where they can easily be adjusted. 

lnstall temperature-actuated water mixing valves with check stops or shutoff valves on 
inlets and with shutoff valve on outlet. 

1. Install thermometers and water regulators if specified. 
2. Install cabinet-type units recessed in or surface mounted on wall as specified. 

Install Y-pattern strainers for water on supply side of each control valve, water pressure- 
reducing valve, solenoid valve, and pump. 

Install outlet boxes recessed in wall. Install 2-by-4-inch (38-by-89-mm) fire-retardant- 
treated-wood blocking wall reinforcement between studs. Fire-retardant-treated-wood 
blocking is specified in Division 06 Section "Rough Carpentry." 

Install water hammer arresters in water piping according to PDI-WH 201. 

G. 

H. 

I. 

J. Install supply-type, trap-seal primer valves with outlet piping pitched down toward drain 
trap a minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting. Adjust 
valve for proper flow. 
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SECTION 15430 
PLUMBING SPECIALTIES 

3.2 

A. 

3.3 

A. 

B. 

3.4 

A. 

B. 

3.5 

A. 

B. 

C. 

CONNECTIONS 

Piping installation requirements are specified in other Division 22 Sections. Drawings 
indicate general arrangement of piping and specialties. 

LABELING AND IDENTIFYING 

Equipment Nameplates and Signs: Install engraved plastic-laminate equipment 
nameplate or sign on or near each of the following: 

1. Intermediate atmospheric-vent backflow preventers. 
2. Reduced-pressure-principle backflow preventers. 
3. Water pressure-reducing valves. 
4. Calibrated balancing valves. 
5. 
6. Outlet boxes. 
7. Supply-type, trap-seal primer valves. 

Distinguish among multiple units, inform operator of operational requirements, indicate 
safety and emergency precautions, and warn of hazards and improper operations, in 
addition to identifying unit. Nameplates and signs are specified in Division 22 Section 
"Identification for Plumbing Piping and Equipment." 

Primary, thermostatic, water mixing valves. 

FIELD QUALITY CONTROL 

Perform the following tests and prepare test reports: 

1. Test each reduced-pressure-principle backflow preventer according to authorities 
having jurisdiction and the device's reference standard. 

Remove and replace malfunctioning domestic water piping specialties and retest as 
specified above. 

ADJUSTING 

Set field-adjustable pressure set points of water pressure-reducing valves. 

Set field-adjustable flow set points of balancing valves. 

Set field-adjustable temperature set points of temperature-actuated water mixing valves. 

GRW #36? 2 
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SECTION 15441 - DOMESTIC WATER PUMPS 

PART 1 - GENERAL 

SECTION 15441 
DOMESTIC WATER PUMPS 

I .I 

A. 

1.2 

A. 

1.3 

A. 

B. 

1.4 

A. 

B. 

C. 

I .5 

A. 

B. 

C. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes the following all-bronze and bronze-fitted centrifugal pumps for domestic 
cold- and hot-water circulation: 

1. Close-coupled, in-line, sealless centrifugal pumps. 

SUBMITTALS 

Product Data: For each type and size of domestic water pump specified. Include certified 
performance curves with operating points plotted on curves; and rated capacities of selected 
models, furnished specialties, and accessories. 

Operation and Maintenance Data: For domestic water pumps to include in emergency, 
operation, and maintenance manuals. 

QUALITY ASSURANCE 

Product Options: Drawings indicate size, profiles, and dimensional requirements of domestic 
water pumps and are based on the specific system indicated. Refer to Division 1 Section 
"Product Requirements." 

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. 

UL Compliance: Comply with UL 778 for motor-operated water pumps. 

DELIVERY, STORAGE, AND HANDLING 

Retain shipping flange protective covers and protective coatings during storage. 

Protect bearings and couplings against damage. 

Comply with pump manufacturer's written rigging instructions for handling. 

PART 2 - PRODUCTS 

2.1 CLOSE COUPLED, IN-LINE, SEALLESS CENTRIFUGAL PUMPS 
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SECTION 15441 
DOMESTIC WATER PUMPS 

A. Description: Factory-assembled and -tested, single-stage, close-coupled, in-line, sealless 
centrifugal pumps as defined in HI 5.1-5.6. 

1. Pump and Motor Assembly: Hermetically sealed, replaceable-cartridge-type unit with 
motor and impeller on common shaft and designed for installation with pump and motor 
shaft mounted horizontally. 

2. Casing: Bronze, with threaded companion-flange connections. 
3. Impeller: Corrosion-resistant material. 
4. Motor: Single speed, unless otherwise indicated. Comply with requirements in 

Division 15 Section "Motors." 

PART 3 - EXECUTION 

3.1 

A. 

3.2 

A. 

B. 

C. 

EXAM I NATION 

Examine roughing-in of domestic-water-piping system to verify actual locations of connections 
before pump installation. 

PUMP INSTALLATION 

Comply with HI 1.4. 

Install pumps with access for periodic maintenance including removal of motors, impellers, 
couplings, and accessories. 

Independently support pumps and piping so weight of piping is not supported by pumps and 
weight ofsf.pumiis i s o t  supportFd-byipiiiijT 

___ ____ - - _ _ _ _  - --- 

D. 

E. 

3.3 

A. 

B. 

C. 

Install in-line, sealless centrifugal pumps with motor and pump shafts horizontal. 

Install continuous-thread hanger rods and elastomeric hangers of sufficient size to support 
pump weight. Vibration isolation devices are specified in Division 15 Section "Mechanical 
Vibration and Seismic Controls." Fabricate brackets or supports as required. Hanger and 
support materials are specified in Division 15 Section "Hangers and Supports." 

CONNECTIONS 

Piping installation requirements are specified in other Division 15 Sections. Drawings indicate 
general arrangement of piping, fittings, and specialties. 

Install piping adjacent to pumps to allow service and maintenance. 

Connect domestic water piping to pumps. Install suction and discharge piping equal to or 
greater than size of pump nozzles. Refer to Division 15 Section "Domestic Water Piping." 

Install shutoff valve and strainer on suction side of pumps, and check valve and throttling 
valve on discharge side of pumps. Install valves same size as connected piping. Refer to 
Division 15 Section "Valves" for general-duty valves for domestic water piping and 
Division 15 Section "Plumbing Specialties" for strainers. 
Install pressure gages at suction and discharge of pumps. Install at integral pressure- 
gage tappings where provided or install pressure-gage connectors in suction and 
discharge piping around pumps. Refer to Division 15 Section "Meters and Gages" for 
pressure gages and gage connectors. 

I 
I 
I 
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SECTION 15441 
DOMESTIC WATER PUMPS 

D. Ground equipment according to Division 16 Section "Grounding and Bonding." 

E. Connect wiring according to Division 16 Section "Conductors and Cables." 

END OF SECTION 15441 
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SECTION 15543 - FUEL-FIRED UNIT HEATERS 

PART I - GENERAL 

SECTION 15543 
FUEL-FIRED UNIT HEATERS 

1 .I 

A. 

1.2 

A. 

B. 

C. 

D. 

1.3 

A. 

B. 

1.4 

A. 

SUMMARY 

This Section includes waste oil-fired unit heaters. 

SUBMITTALS 

Product Data: For each type of fuel-fired unit heater indicated. Include rated 
capacities, operating characteristics, and accessories. 

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. 

I. Wiring Diagrams: Power, signal, and control wiring. 

Field quality-control test reports. 

Operation and maintenance data. 

QUALITY ASSURANCE 

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. 

ASHRAEAESNA 90.1-2004 Compliance: Applicable requirements in 
ASHRAEAESNA 90.1 -2004, Section 6 - "Heating, Ventilating, and Air-conditioning." 

WARRANTY 

Special Warranty: Manufacturer's standard form in which manufacturer agrees to 
repair or replace heat exchanger of fuel-fired unit heater that fails in materials or 
workmanship within specified warranty period. 

1. Warranty Period: 10 years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

SECTION 15543 
FUEL-FIRED UNIT HEATERS 

OIL-FIRED UNIT HEATERS 

Basis-of-Design Product: Subject to compliance with requirements, provide the 
product indicated on Drawings or a comparable product by one of the following: 
1. Clean Burn Energy Systems 
2. EconoHeat, Inc. 

Description: Factory assembled, piped, and wired, and complying with UL 731. 

Housing: Steel, with inserts for suspension mounting rods. 

Heat Exchanger: Minimum 0.09-inch (2.2-rnm) steel. 

Burners: Flame-retention, pressure-atomizing, forced-draft, gun type; with integral fuel 
pump and electronic spark ignition and flame safety. 

I. Safety Device: Oil-pressure switch. 

Unit Fan: Propeller fan with aluminum blades dynamically balanced and resiliently 
mounted. 

Controls: Factory piped and prewired to electrical junction box mounted on unit, 
including the following: 

1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

Control Transformer: Integrally mounted, 120 to 24 V ac. 
Cad-cell safety system. 
Manual reset safety. 
Thermostat: Devices and wiring are specified in Division I 5  Section "HVAC 
Instrumentation and Controls." 
Thermostat: Single-stage, 24-V ac, wall-mounting type with 50 to 90 deg F (10 to 
32 deg C) operating range and fan on switch. 
Thermostat: 2-stage, 24-V ac, wall-mounting type with 50 to 90 deg F (10 to 32 
deg C) operating range and fan on switch. 
Thermostat: Single-stage, 24-V ac type with duct-mounting sensor and 50 to 90 
deg F (1 0 to 32 deg C) operating range. 
Thermostat: 2-stage, 24-V ac type with duct-mounting sensor and 50 to 90 
deg F (I 0 to 32 deg C) operating range. 

Automatic Fan Thermal Switch: Fan operates with heat-exchanger temperature more 
than 135 deg F (58 deg C). 

Discharge Louvers: Independently adjustable horizontal blades. 

Accessories: 

1. Vertical discharge louvers. 
2. Discharge Nozzle: Discharge at 25 to 65 degrees (0.44 to I .I 3 radians) from 

horizontal. 
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SECTION 15543 
FUEL-FIRED UNIT HEATERS 

SKRECC Corporate Offices 
Somerset, Kentucky 

3. Summer fan switch. 
4. Unit-mounted thermostat bracket. 
5. 

6. Oil safety valve. 
7. 

Oil Booster Pump: 30-gph (108-Llh) capacity; motor and 2-stage fuel unit with 
pressure-regulating valve and strainer. 

Outdoor Combustion-Air Adapter: Sealed to housing and fitted with quick access 
cover or door and fitting for terminating'outdoor-air duct. 

PART 3 - EXECUTION 

3.1 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I .  

J. 

3.2 

A. 

I N STALLAT I ON 

Install and connect gas-fired unit heaters and associated fuel and vent features and 
systems according to NFPA 54, applicable local codes and regulations, and 
manufacturer's written installation instructions. 

Install and connect oil-fired unit heaters and associated fuel and vent piping according 
to NFPA 31, applicable local codes and regulations, and manufacturer's written 
installation instructions. 

Suspended Units: Suspend from substrate using threaded rods, spring hangers, and 
building attachments. Secure rods to unit hanger attachments. Adjust hangers so unit 
is level and plumb. 

Install piping adjacent to fuel-fired unit heater to allow service and maintenance. 

G a s  Piping: Comply with Division 15 Section "Fuel G a s  Piping." Connect g a s  piping to 
gas train inlet; provide union with enough clearance for burner removal and service. 

Fuel Oil Piping: Comply Division 15 Section "Fuel Oil Piping." Connect to fuel oil 
supply and return piping with shutoff valve and union a t  each  connection. 

Vent Connections: 
Stacks." 

Comply with Division 15 Section "Breechings, Chimneys, and 

Electrical Connections: Comply with applicable requirements in Division 16 Sections. 

1. Install electrical devices furnished with heaters but not specified to b e  factory 
mounted. 

Adjust initial temperature se t  points. 

Adjust burner and other unit components for optimum heating performance and 
efficiency. 

FIELD QUALITY CONTROL 

Tests and Inspections: Test  and adjust controls and safeties. Replace damaged and 
malfunctioning controls and equipment. 
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END OF SECTION 15543 
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SECTION 15446 
SUMP PUMPS 

SECTION 15446 - SUMP PUMPS 

PART 1 - GENERAL 

1 .I 

A. 

I .2 

A. 

1.3 

A. 

B. 

C. 

1.4 

A. 

B. 

1.5 

A. 

B. 

C. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes the following sump pumps and accessories, inside the building, 
for building storm drainage systems: 
1. Submersible sump pumps. 

SUBMITTALS 

Product Data: For each type and size of sump pump specified. Include certified 
performance curves with operating points plotted on curves, and rated capacities of 
selected models, furnished specialties, and accessories. 

Shop Drawings: Diagram power, signal, and control wiring. 

Operation and Maintenance Data: For each sump pump to include in emergency, 
operation, and maintenance manuals. 

QUALITY ASSURANCE 

Product Options: Drawings indicate size, profiles, and dimensional requirements of 
sump pumps and are based on the specific system indicated. Refer to Division 1 
Section "Product Requirements." 

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. 

DELIVERY, STORAGE, AND HANDLING 

Retain shipping flange protective covers and protective coatings during storage. 

Protect bearings and couplings against damage. 

Comply with pump manufacturer's written rigging instructions for handling. 
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SECTION 15446 
SUMP PUMPS 

I .6 COORDINATION 

A. Coordinate size and location of concrete bases and pits. Concrete, reinforcement, and 
formwork requirements are specified in Division 3. I 

PART 2 - PRODUCTS 

2.1 

A. 

2.2 

A. 

B, . __ 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

MANUFACTURERS 

In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 
1. Available Manufacturers: Subject to compliance with requirements, 

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

SUBMERSIBLE SUMP PUMPS 

Available Manufacturers: 
I. 
2. Grundfos Pumps Corp. 
3. Weil Pump Company, Inc. 
4. Zoeller Company, 

Bell & Gossett Domestic Pump; ITT Industries. 

__________  ________.__.-_______ * -__- 
Description: -FactTryZiZiCimbled and -tested, duplex, single-stage, centrifugal, end- 
suction, submelrsible, direct-connected sump pumps complying with UL 778 and 
HI I .I-1.2 and HI 1.3 for submersible sump pumps. 

Casing: Cast iron; with cast-iron inlet strainer, legs that elevate pump to permit flow 
into impeller, and vertical discharge with companion flange for piping connection. 

Impeller: ASTM A 481A 48M, Class No. 25 A or higher cast iron; statically and 
dynamically balanced, semiopen nonclog design, overhung, single suction, keyed and 
secured to shaft. 

Casing and Impeller: Cast-iron casing with metal inlet strainer and brass, bronze, or 
cast-iron impeller. 

Pump and Motor Shaft: Stainless steel, with factory-sealed, grease-lubricated ball 
bearings and double-mechanical seals. 

Motor: Hermetically sealed, capacitor-start type, with built-in overload protection; 
three-conductor waterproof power cable of length required, and with grounding plug 
and cable-sealing assembly for connection at pump. Comply with requirements in 
Division 15 Section "Motors." 
1. 

Pump Discharge Piping: Factory or field fabricated, copper tube. 

Moisture-Sensing Probe: Internal moisture sensor with moisture alarm. 

Controls: NEMA 250, Type 6, 120-V ac, float switch, mounted on discharge piping. - -  __ __ 

I 
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SECTION 15446 
SUMP PUMPS 

2.3 FLEXIBLE CONNECTORS 

A. Available Manufacturers: 
1. Anamet, Inc. 
2. Flex-Hose Co., Inc. 
3. Unaflex Inc. 

B. Description: 125-psig (860-liPa) minimum working-pressure rating and ends matching 
pump connection: 
1. Bronze Flexible Connectors: Corrugated, bronze inner tubing covered with 

bronze wire braid. Include copper-tube ends or bronze flanged ends, braze 
welded to tubing. 

2. Stainless-Steel Flexible Connectors: Corrugated, stainless-steel inner tubing 
covered with stainless-steel wire braid. Include stainless-steel nipples or flanges, 
welded to tubing. 

PART 3 - EXECUTION 

3.1 

A. 

3.2 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

EXAM INATION 

Examine roughing-in of plumbing piping to verify actual locations of storm drainage 
piping connections before sump pump installation. 

SUMP PUMP INSTALLATION 

Excavating, trenching, and backfilling are specified in Division 2 Section "Earthwork." 

Install sump pumps according to applicable requirements in HI I .4. 
' 

Install pumps and arrange to provide access for maintenance including removal of 
motors, impellers, couplings, and accessories. 

Set submersible sump pumps on basin or pit floor. Make direct connections to storm 
drainage piping. 

Install sump pump basins and connect to drainage piping. Brace interior of basins 
according to manufacturer's written instructions to prevent distortion or collapse during 
concrete placement. Set basin cover and fasten to basin top flange. Install cover so 
top surface is flush with finished floor. 

Construct sump pump pits and connect to drainage piping. Set pit curb frame 
recessed in and anchored to concrete. Fasten pit cover to pit curb flange. Install cover 
so top surface is flush with finished floor. 

Support piping so weight of piping is not supported by pumps. 
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3.3 

A. 

B. 

C. 

D. 

E. 

3.4 

A. 

B. 

C. 

SECTION 15446 
SUMP PUMPS 

CONNECTIONS 

Piping installation requirements are specified in Division 15 Section "Storm Drainage 
Piping." Drawings indicate general arrangement of piping, fittings, and specialties. 

lnstall piping adjacent to sump pumps to allow service and maintenance. 

Connect storm drainage piping to pumps. Install discharge piping equal to or greater 
than size of pump discharge piping. Refer to Division 15 Section "Storm Drainage 
Piping." 
1. 
2. 

Install flexible connectors adjacent to pumps in discharge piping. 
Install check and shutoff valves on discharge piping from each pump. Install 
unions on pumps having threaded pipe connections. Install valves same size as 
connected piping. Refer to Division 15 Section "Valves" for general-duty valves 
for drainage piping. 

Ground equipment according to Division 16 Section "Grounding and Bonding." 

Connect wiring according to Division 16 Section "Conductors and Cables." 

STARTUP SERVICE 

Start pumps without exceeding safe motor power: 
I. Start motors. 

3. 
2. Open discharge valves slowly. _ _  

Check geXd--mXchanEal CeraEon of pumps and-motors 

Test and adjust controls and safeties. 

Remove and replace damaged and malfunctioning components. 
1. 

2. 

Pump Controls: Set pump controls for automatic start, stop, and alarm operation 
as required for system application. 
Set field-adjustable switches and circuit-breaker trip ranges as indicated, or if not 
indicated, for normal operation. 

END OF SECTION 
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SECTION 15734 
COMPUTER ROOM AIR-CONDITIONERS 

SECTION 15734 - COMPUTER-ROOM AIR-CONDITIONERS 

PART I - GENERAL 

1 .I 

A. 

I .2 

A. 

B. 

C. 

D. 

E. 

1.3 

A. 

B. 

C. 

SUMMARY 

Section Includes: 

1. 
2. 

Floor-mounted computer-room air conditioners, 6 tons (21 kW) and larger. 
Floor-mounted computer-room air conditioners, 5 tons (1 8 kW) and smaller. . 

SUBMITTALS 

Product Data: For each type of product indicated. 

Shop Drawings: For computer-room air conditioners. Include plans, elevations, 
sections, details, and attachments to other work. 

I. Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each 
field connection. 
Wiring Diagrams: For power, signal, and control wiring. 2. 

Color Samples: For unit cabinet, discharge grille, and exterior louver and for each 
color and texture specified. 

Field quality-control reports. 

Operation and maintenance data. 

QUALITY ASSURANCE 

Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA70, by a qualified testing agency, and marked for intended location and 
application. 

ASHRAE Compliance: 

1. Fabricate and label refrigeration system to comply with ASHRAE 15, "Safety 
Standard for Refrigeration Systems." 

2. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1 -2004, Section 
4 - "Outdoor Air Quality," Section 5 - "Systems and Equipment," Section 6 - 
"Ventilation Rate Procedures," and Section 7 - "Construction and Startup." 

ASHRAEnESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1 -2004. 
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SECTION 15734 
COMPUTER ROOM AIR-CONDITIONERS 

D. ASME Compliance: Fabricate and label water-cooled condenser shell to comply with 
ASME Boiler and Pressure Vessel Code: Section VIII, "Pressure Vessels," Division 1. 

1.4 WARRANTY 

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to 
repair or replace components of computer-room air conditioners that fail in materials or 
workmanship within specified warranty period. 

1. 

2. 

3. 

Warranty Period for Compressors: Manufacturer's standard, but not less than 
five years from date of Substantial Completion. 
Warranty Period for Humidifiers: Manufacturer's standard, but not less than three 
years from date of Substantial Completion. 
Warranty Period for Control Boards: Manufacturer's standard, but not less than 
three years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 FLOOR-MOUNTED UNITS 6 TONS (21 kW) AND LARGER 

A. Basis-of-Design Product: Subject to compliance with requirements, provide product 
indicated on Drawings or comparable product by one of the following: 

2. Data Aire I n c  - 
3. Liebert Corporation. 

- -~ - -  - _ _  - I. - -_ Compu-Aire, Inc. - 

B. Description: Packaged, factory assembled, prewired, and prepiped; consisting of 
cabinet, fans, filters, humidifier, and controls. 

C. Cabinet and Frame: Welded steel, braced for rigidity, and supporting compressors and 
other mechanical equipment and fittings. 

1. 

2. 

3. 

4. 

Doors and Access Panels: Galvanized steel with polyurethane gaskets, hinges, 
and concealed fastening devices. 
Insulation: Thermally and acoustically insulate cabinet interior with 1 -inch- (25- 
mm-) thick duct liner. 
Finish of Interior Surfaces: Surfaces in contact with the airstream shall comply 
with requirements in ASHRAE 62.1-2004. 
Finish of Exterior Surfaces: Baked-on, textured vinyl enamel; color as selected 
from manufacturer's standard colors. 

D. Supply-Air Fan(s): 

1. Double-inlet, forward-curved centrifugal fan(s); statically and dynamically 
balanced. 

2. Drive: V-belt, with steel shaft with self-aligning ball bearings and cast-iron or 
steel sheaves, variable- and adjustable-pitch motor sheave, minimum of two 
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SECTION 15734 
COMPUTER ROOM AIR-CONDITIONERS 

I 
1 ,  

E. 

F. 

G. 

H. 

I .  

J. 

matched belts, with drive rated at a minimum of two times the nameplate rating of 
motor. 

Refrigeration System: 
1. Compressors: Hermetic scroll; with oil strainer, internal motor overload 

protection, resilient suspension system, crankcase heater, manual-reset high- 
pressure switch, and pump-down low-pressure switch. 
Refrigeration Circuits: Two; each with hot-gas mufflers, thermal-expansion valve 
with external equalizer, liquid-line solenoid valve, liquid-line filter-dryer, sight 
glass with moisture indicator, service shutoff valves, charging valves, and charge 
of refrigerant. 
Refrigerant: R-407C or R-41 OA. 

coil of seamless copper tubes expanded into aluminum fins. 

2. 

3. 
4. Refrigerant Evaporator Coil: Alternate-row or split-face-circuit, direct-expansion 

a. ' Mount coil assembly over stainless-steel drain pan complying with 
ASHRAE 62.1-2004 and having a condensate pump unit with integral float 
switch, pump-motor assembly, and condensate reservoir. 

5. Remote Air-Cooled Refrigerant Condenser: Corrosion-resistant cabinet, copper- 
tube aluminum-fin coils arranged for two circuits, multiple direct-drive propeller 
fans with permanently lubricated ball bearings, and single-phase motors with 
internal overload protection and integral electric control panel and disconnect 
switch. Control capacity by modulating fan speeds. 

Extended-Surface, Disposable, Panel Filter: Pleated, lofted, nonwoven, 
cotton fabric; supported and bonded to welded-wire grid; enclosed in 
frame with 2-inch- (50-mm-) thick, disposable, glass-fiber prefilter. 

reinforced 
card board 

1. 
2. 
3. Mew (ASHRAE 52.2): 7. 

Thickness: 2 inches (50 mm). 
Arrestance (ASHRAE 52.1): 90 percent. 

Infrared Humidifier: High-intensity quartz lamps mounted above stainless-steel 
evaporator pan, serviceable without disconnecting water, drain, or electrical 
connections; prepiped and using condensate water from cooling coils with stainless- 
steel or brass float-valve mechanism; located in bypass airstream; with flushdcycle 
timer and solenoid drain valve. 

Evaporative Pan Humidifier: Stainless-steel pan and cover, serviceable without 
disconnecting water, drain, or electrical connections; prepiped with stainless-steel or 
brass float-valve mechanism; electric-resistance heating coil; low-water-cutoff switch; 
flush-cycle timer; and solenoid drain valve. 

Integral Electrical Controls: Unit-mounted electrical enclosure with piano-hinged door, 
grounding lug, combination magnetic starters with overload relays, circuit breakers and 
cover interlock, and fusible control-circuit transformer. 

Disconnect Switch: Nonautomatic, molded-case circuit breaker with handle accessible 
when panel is closed and capable of preventing access until switched to off position. 
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___ 

C. 

D. 

E. 

Electronic-Control System: Solid state, with start button, stop button, temporary loss of 
power indicator, manual-reset circuit breakers, temperature control, humidity control, 
and monitor panel. 

1. Monitor Panel: Backlighted, with no visible indicator lights until operating function 
is activated; indicators include cooling, humidification, loss of airflow, change 
filters, high temperature, low temperature, high humidity, low humidity, high head 
pressure (each compressor), and low suction pressure (each compressor). 

2. Temperature- and Humidity-Control Modules: Solid state, plug-in; with 
adjustable set point, push-to-test calibration check button, and built-in visual 
indicators to show mode of operation. 
Location: Behind hinged door in front of unit; isolated from conditioned airstream 
to allow service while system is operating. 

3. 

FLOOR-MOUNTED UNITS 5 TONS (18 kW) AND SMALLER 

Basis-of-Design Product: Subject to compliance with requirements, provide product 
indicated on Drawings or comparable product by one of the following: 
I. Compu-Aire, Inc. 
2. Data Aire Inc. 
3. Liebert Corporation. 

Description: Self-contained, factory assembled, prewired, and prepiped; consisting of 
cabinet, fan, filters, and controls; for vertical floor mounting in upflow or downflow 

~~ configuration,--_ -_ __ - __ _ ~ _ _ _ _  - -- _ _ ~ _ _ _ _ ~  - __ 

Cabinet and Frame: Welded tubular-steel frame with removable steel panels with 
baked-enamel finish, insulated with 1 -inch- (25-mm-) thick duct liner. 
1. Finish of Interior Surfaces: Surfaces in contact with the airstream shall comply 

with requirements in ASHRAE 62.1 -2004. 

Supply-Air Fan: Forward curved, centrifugal, and with adjustable V-belt drive. 

Refrigeration System: 

I. Compressor: Hermetic, with oil strainer, internal motor overload protection, 
resilient suspension system, and crankcase heater. 

2. Refrigeration Circuit: Low-pressure switch, manual-reset high-pressure switch, 
thermal-expansion valve with external equalizer, sight glass with moisture 
indicator, service shutoff valves, charging valves, and charge of refrigerant. 

3. Refrigerant: R-407C or R-41 OA. 
4. Refrigerant Evaporator Coil: Direct-expansion coil of seamless copper tubes 

expanded into aluminum fins, with two circuits, each with solenoid valve. 

a. Mount coil assembly over stainless-steel drain pan complying with 
ASHRAE 62.1-2004 and having a condensate pump unit with integral float 
switch, pump-motor assembly, and condensate reservoir. 

5. Remote Air-Cooled Refrigerant Condenser: Integral, copper-tube aluminum-fin 
coil with propeller fan, direct driven. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

-I 
I 
I 
I 
I 
I 
I 
I 
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SECTION 15734 
COMPUTER ROOM AIR-CONDITIONERS 

6. Split system shall have suction- and liquid-line compatible fittings and refrigerant 
piping for field interconnection. 

F. 

G. 

H. 

I. 

2.3 

A. 

Filter: 2-inch- (so-mrn-) thick, disposable, glass-fiber media. 
1. 
2. Merv (ASHRAE 52.2): 7. 

Arrestance (ASHRAE 52.1): 90 percent. 

Infrared Humidifier: High-intensity quartz lamps mounted above stainless-steel 
evaporator pan, serviceable without disconnecting water, drain, or electrical 
connections; prepiped and located in bypass airstream; with flush-cycle timer and 
solenoid drain valve. 

Disconnect Switch: Nonautomatic, molded-case circuit breaker with handle accessible 
when panel is closed and capable of preventing access until switched to off position. 

Control System: Unit-mounted panel with main fan contactor, compressor contactor, 
compressor start capacitor, control transformer with circuit breaker, solid-state 
temperature- and humidity-control modules, humidity contactor, time-delay relay, 
Heating contactor, and high-temperature thermostat. Provide solid-state, wall-mounted 
control panel with start-stop switch, adjustable humidity set point, and adjustable 
temperature set point. 

FAN MOTORS 

Comply with NEMA designation, temperature rating, service factor, enclosure type, and 
efficiency requirements for motors specified in Division 15 Section "Common Motor 
Requirements f6r HVAC Equipment." 

1. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven 
load will not require motor to operate in service factor range above I .O. 

2. Controllers, Electrical Devices, and Wiring: Comply with requirements for 
electrical devices and connections specified in Division 16 Sections. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install computer-room air conditioners level and plumb, maintaining manufacturer's 
recommended clearances. Install according to ARI Guideline 9. 

9. Computer-Room Air-Conditioner Mounting: Install using elastomeric pads. Comply 
with requirements for vibration isolation devices specified in Division 15 Section 
"Vibration and Seismic Controls for HVAC Piping and Equipment." 

C. Air-Cooled Refrigerant Condenser Mounting: Install using elastomeric pads. Comply 
with requirements for vibration isolation devices specified in Division 15 Section 
"Vibration and Seismic Controls for HVAC Piping and Equipment." 
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3.2 

A. 

B. 

C. 

D. 

3.3 

A. 

~ ~- 

B. 

C. 

D. 

3.4 

A. 

B. 

C. 

SECTION 15734 
COMPUTER ROOM AIR-CONDITION ERS 

CONNECTIONS 

Piping installation requirements are specified in other Division 15 Sections. Drawings 
indicate general arrangement of piping, fittings, and specialties. 

Install piping adjacent to machine to allow service and maintenance. 

Water and Drainage Connections: Comply with applicable requirements in Division 15 
Section "Domestic Water Piping." Provide adequate connections for water-cooled 
units, condensate drain, and humidifier flushing system. 

Refrigerant Piping: 
Provide shutoff valves and piping. 

Comply with applicable requirements in Division 15 Sections. 

FIELD QUALITY CONTROL 

Tests and Inspections: 

1. 
2. 

3. 

4. 

Inspect for and remove shipping bolts, blocks, and tie-down straps. 
After installing computer-room air conditioners and after electrical circuitry has 
been energized, test for compliance with requirements. 
Operational Test: After electrical circuitry has been energized, start units to 
confirm proper motor rotation and unit operation. 
Test and adjust controls and safeties. Replace damaged and malfunctioning 

- _ __ - __-_ __ _ - - controls and _____ equipment. - -- ___ - 

Computer-room air conditioners will be considered defective if they do not pass tests 
and inspections. 

Prepare test and inspection reports. 

After startup service and performance test, change filters and flush humidifier. 

ADJUSTING 

Adjust initial temperature and humidity set points. 

Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

Occupancy Adjustments: When requested within 12 months of date of Substantial 
Completion, provide on-site assistance in adjusting system to suit actual occupied 
conditions. Provide up to two visits to Project during other-than-normal occupancy 
hours for this purpose. 

END OF SECTION 15734 
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SECTION 15738 

SPLIT-SYSTEM AIR-CONDITIONERS 

PART 1 - GENERAL 

DIVISION 15738 
SPLIT-SYSTEM AIR-CONDITIONERS 

PART 2 - RELATED DOCUMENTS 

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

PART 3 - SUMMARY 

A. This Section includes split-system air-conditioning and heat pump units consisting of 
separate evaporator-fan and compressor-condenser components. Units are designed 
for exposed or concealed mounting, and may be connected to ducts. 

PART 4 - SUBMITTALS 

I 
, .  

A. Product Data: Include rated capacities, furnished specialties, and accessories for each 
type of product indicated. Include performance data in terms of capacities, outlet 
velocities, static pressures, sound power characteristics, motor requirements, and 
electrical characteristics. 

B. 

C. 

D. 

Shop Drawings: Diagram power, signal, and control wiring. 

Operation and Maintenance Data: For split-system air-conditioning units to include in 
emergency, operation, and maintenance manuals. 

Warranty: Special warranty specified in this Section. 

PART 5 - QUALITY ASSURANCE 

A. Product Options: Drawings indicate size, profiles, and dimensional requirements of split- 
system units and are based on the specific system indicated. Refer to Division 01 
Section "Product Requirements." 

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. 

C. 

D. 

E. 

Energy-Efficiency Ratio: Equal to or greater than prescribed by ASHRAE 90.1 , "Energy 
Efficient Design of New Buildings except Low-Rise Residential Buildings." 

Coefficient of Performance: Equal to or greater than prescribed by ASHRAE 90.1, 
"Energy Efficient Design of New Buildings except Low-Rise Residential Buildings." 

Units shall be designed to operate with HCFC-free refrigerants. 

PART 6 - COORDINATION 
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DIVISION 15738 I 

SPLIT-SYSTEM AIR-CONDITIONERS 
I 

A. Coordinate size and location of concrete bases for units. Cast anchor-bolt inserts into I 
bases. 
"Cast-in-Place Concrete." 

Concrete, reinforcement, and formwork are specified in Division 03 Section 

i 
PART 7 - WARRANTY 

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair 
or replace components of split-system air-conditioning units that fail in materials or 
workmanship within specified warranty period. 
1. 

l 
I Warranty Period: Six years from date of Substantial Completion. 

PART 8 - EXTRA MATERIALS 

A. Furnish extra materials described below that match products 
packaged with protective covering for storage and identified 
contents. 
1. Filters: One set of filters for each unit. 
2. Fan Belts: One set of belts for each unit. 

installed and that are 
with labels describing 

I 
i 

PART 9 - PRODUCTS 

PART 10 - 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. 
2. Daikin US 
3. Sanyo Fisher (USA.) Corp.. 

Mitsubishi Eiectronics America, Inc.; HVAC Division. I 
PART 11 - WALL-MOUNTING, EVAPORATOR-FAN COMPONENTS I 

I 

l 

A. Cabinet: Enameled steel with removable panels on front and ends in color selected by 
Architect, and discharge drain pans with drain connection. 

B. Refrigerant Coil: Copper tube, with mechanically bonded aluminum fins, complying with 
ARI 21 0/240, and with thermal-expansion valve. 

C. Fan: Direct drive, centrifugal fan. 

D. Fan Motors: Comply with requirements in Division 23 Section "Common Motor 
Requirements for HVAC Equipment." 
1. Special Motor Features: Multitapped, multispeed with internal thermal protection 

and permanent lubrication. 

I 

E. Filters: Permanent, cleanable. I 
PART 12 - AIR-COOLED, COMPRESSOR-CONDENSER COMPONENTS 
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DIVISION 15738 
SPLIT-SYSTEM AIR-CONDITIONERS 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Casing: Steel, finished with baked enamel in color selected by Architect, with removable 
panels for access to controls, weep holes for water drainage, and mounting holes in 
base. Provide brass service valves, fittings, and gage ports on exterior of casing. 

Compressor: Hermetically sealed with crankcase heater and mounted on vibration 
isolation. Compressor motor shall have thermal- and current-sensitive overload devices, 
start capacitor, relay, and contactor. 
1. Compressor Type: Scroll. 
2. Refrigerant Charge: R-41 OA. 

Refrigerant Coil: Copper tube, with mechanically bonded aluminum fins, complying with 
ARI 21 0/240, and with liquid subcooler. 

Heat Pump Components: Reversing valve and low-temperature air cut-off thermostat. 

Fan: Aluminum-propeller type, directly connected to motor. 

Motor: Permanently lubricated, with integral thermal-overload protection. 

Low Ambient Kit: Permits operation down to 45 deg F (7 deg C). 

Mounting Base: Polyethylene. 

PART 13 - ACCESSORIES 

A. 

B. 

C. 

Thermostat: Low voltage with subbase to control compressor and evaporator fan. 

Automatic-reset timer to prevent rapid cycling of compressor. 

Refrigerant Line Kits: Soft-annealed copper suction and liquid lines factory cleaned, 
dried, pressurized, and sealed; factory-insulated suction line with flared fittings at both 
ends. 

PART 14 - EXECUTION 

PART 15 - INSTALLATION 

A. Install units level and plumb. 

B. Install evaporator-fan components using manufacturer's standard mounting devices 
securely fastened to building structure. 

C. Install ground-mounting, compressor-condenser components on 4-inch- (1 00-mm-) thick, 
reinforced concrete base: 4 inches (100 mm) larger on each side than unit. Concrete, 
reinforcement, and formwork are specified in Division 03 Section "Cast-in-Place 
Concrete." Coordinate anchor installation with concrete base. 

D. Install and connect precharged refrigerant tubing to component's quick-connect fittings. 
Install tubing to allow access to unit. 

PART 16 - CONNECTIONS 
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SPLIT-SYSTEM AI R-CON DITION ERS 

A. Piping installation requirements are specified in other Division 23 Sections. Drawings 
indicate general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to unit to allow service and maintenance. 

C. Ground equipment according to Division 26 Section "Grounding and Bonding for 
Electrical Systems." 

D. Electrical Connections: Comply with requirements in Division 26 Sections for power 
wiring, switches, and motor controls. 

PART 17 - FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to 
inspect, test, and adjust field-assembled components and equipment installation, 
including connections, and to assist in field testing. Report results in writing. 

Perform the following field tests and inspections and prepare test reports: 
I. 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 motor rotation and unit operation. 
3. Test and adjust controls and safeties. Replace damaged and malfunctioning 

controls and equipment. 

Remove and replace malfunctioning units and retest as specified above. 

B. 

C. 

PART 18 - STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 
I. Complete installation and startup checks according to manufacturer's written 

instructions. 

PART 19 - DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain units. Refer to Division 01 Section 
"Demonstration and Training." 

END OF SECTION 
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SECTION 15745 - WATER-SOURCE HEAT PUMPS 

PART 1 - GENERAL 

1 .I 

A. 

1.2 

A. 

I .3 

A. 

B. 

C. 

D. 

E. 

F. 

I .4 

A. 

SECTION 15745 
WATER-SOURCE HEAT PUMPS 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes the following types of water-source heat pumps: 

1. Concealed horizontal or vertical units, larger than 6 tons (21 kW). 

SUBMITTALS 

Product Data: Include rated capacities, furnished specialties, and accessories for each 
model. 

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. 

I. Wiring Diagrams: Power, signal, and control wiring. 

Product Certificates: For each type of water-source heat pump, signed by product 
manufacturer. 

Field quality-control test reports. 

Operation and Maintenance Data: 
emergency, operation, and maintenance manuals. 

For water-source heat pumps to include in 

Warranty: Special warranty specified in this Section. 

QUALITY ASSURANCE 

Product Options: Drawings indicate size, profiles, and dimensional requirements of 
water-source heat pumps and are based on the specific system indicated. Refer to 
Division I Section "Product Requirements." 

1. Do not modify intended aesthetic effects, as judged solely by Architect, except 
with Architect's approval. If modifications are proposed, submit comprehensive 
explanatory data to Architect for review. 

1 
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B. 

C. 

D. 

E. 

F. 

G. 

1.5 

A. 

B. 

C. 

1.6 

A. 

1.7 

A. 

SECTION 15745 
WATER-SOURCE HEAT PUMPS 

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. 

ASHRAE Compliance: 

1. ASHRAE 15. 
2. Applicable requirements in ASHRAE 62.1-2004, Section 5 - "Systems and 

Equipment" and Section 7 - "Construction and Startup." 

ASHRAEAESNA 90.1 -2004 Compliance: Applicable requirements in 
ASHRAEAESNA 90.1-2004, Section 6 - "Heating, Ventilating, and Air-Conditioning." 

Comply with NFPA 70. 

Comply with safety requirements in UL 484 for assembly of free-delivery water-source 
heat pumps. 

Comply with safety requirements in UL 1995 for duct-system connections. 

COORDINATION 

Coordinate layout and installation of water-source heat pumps and suspension 
components with other construction that penetrates ceilings or is supported by them, 
including light fixtures, HVAC equipment, fire-suppression system - _ - _  components, ~ _ _ _ _ - ~  and 
partition assemblies. .--- -- ~~ 

-~ ._____-- -- 

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 
Concrete, reinforcement, and formwork requirements are specified in Division 3. 

Coordinate installation of roof curbs, equipment supports, and roof penetrations. 
These items are specified in Division 7 Section "Roof Accessories." 

WARRANTY 

Special Warranty: Manufacturer's standard form in which manufacturer agrees to 
repair or replace components of water-source heat pumps that fail in materials or 
workmanship within specified warranty period. 

1. 
2. 

Failures include, but are not limited to, refrigeration components. 
Warranty Period: One year parts & labor for the entire unit and five years for 
compressor parts, both from date of Substantial Completion. 

EXTRA MATERIALS 

Furnish extra materials described below that match products installed and that are 
packaged with protective covering for storage and identified with labels describing 
contents. 

GRW #3612 15745 - 2 
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SECTION A5745 
WATER-SOURCE HEAT PUMPS 

1. 
2. 

One set(s) of matched fan belts for each belt-driven fan. 
One set(s) of filters for each unit. 

PART 2 - PRODUCTS 

GRW #3612 

2.1 

A. 

2.2 

A. 

B. 

C. 

D. 

E. 

MANUFACTURERS 

In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 

1. Available Manufacturers: Subject to compliance with requirements, 
manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, manufacturers specified. 

2. Manufacturers: Subject to compliance with requirements, provide products by 
one of the manufacturers specified. 

CONCEALED WATER-SOURCE HEAT PUMPS, LARGER THAN 6 TONS (21 kW) 

Manufacturers: 

1. Addison Products Company. 
2. FHP Manufacturing Inc. 
3. Mammoth Inc. 
4. McQuay 

Description: Packaged water-source heat pump with temperature controls; factory 
assembled, tested, and rated according to ARI-ISO-13256-1. 

Cabinet and Chassis: Galvanized-steel casing with the following features: 

1. 
2. 
3. Flanged duct connections. 
4. Cabinet Insulation: Glass-fiber liner, 1 inch (25 mm) thick, complying .with 

UL 181. 
5. Condensate Drainage: Plastic or stainless-steel drain pan with condensate drain 

piping projecting through unit cabinet and complying with ASHRAE 62.1-2004. 
6. Airstream Surfaces: Surfaces in contact with the airstream shall comply with 

requirements in ASHRAE 62.1-2004. 

Access panel for access and maintenance of internal components. 
Knockouts for electrical and piping connections. 

Fan: Belt driven, centrifugal, with single-speed motor installed on an adjustable fan 
base resiliently mounted in cabinet. 

1. General requirements for motors are specified in Division 15 Section "Motors." 
Note that VAV air-handlers require VFD rated motors and factory mounted VFD. 

Water Circuit: 

1. Refrigerant-to-Water Heat Exchanger: 

15745 - 3 
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SECTION 15745 
WATER-SOURCE HEAT PUMPS 

a. Coaxial heat exchanger with cupronickel water tube with enhanced heat- 
transfer surfaces inside a steel shell; both shell and tube leak tested to 450 
psig (3102 kPa) on refrigerant side and 400 psig (2758 kPa) on water side. 
Factory mount heat exchanger in unit on resilient rubber vibration isolators. 
Stainless-steel brazed plate heat exchanger leak tested to 450 psig (3102 
kPa) on refrigerant side and 400 psig (2758 kPa) on water side. Factory 
mount heat exchanger in unit on resilient rubber vibration isolators. 

2. Motorized Water Valve: Stop water flow through the unit when compressor is off. 

Refrigerant-to-Air Coils: Copper tubes with aluminum fins, leak tested to 450 psig 
(31 02 kPa). 

b. 

F. 

G. Refrigerant Circuit Components: 

I. Sealed Refrigerant Circuit: Minimum of 2 circuits required for units 10 tons (35 
kW) and larger. Intertwine circuits in refrigerant to air coil. 
a. Charge with R-407C or R-41OA refrigerant. 

2. Filter-Dryer: Factory installed to clean and dehydrate each refrigerant circuit. 
3. Charging Connections: Service fittings on suction and liquid for charging and 

testing on each circuit. 
4. Reversing Valve: Pilot-operated sliding-type valve designed to be fail-safe in 

heating position with replaceable magnetic coil. 
5. Compressor: Hermetic scroll compressor installed on vibration isolators housed 

in an acoustically treated enclosure with factory-installed safeties as follows: 

a. Adirecycle timer. 
b. High-pressure cutout. 
c. 
d. Internal thermal-overload protection. 
e. 

f. 

_ __ __ - - - - - - - - ___ - - _ _ _ _  _ _  _ _ _ _  

Low-pressure cutout or loss of charge switch. 

Freezestat to stop compressor if water-loop temperature in refrigerant-to- 
water heat exchanger falls below 35 deg F (2 deg C) . 
Condensate overflow switch to stop compressor with high condensate level 
in condensate drain pan. 

6. Refrigerant Piping Materials: ASTM B 743 copper tube with wrought-copper 
fittings and brazed joints. 

7. Pipe Insulation: Refrigerant minimum 3/8-inch- (1 0-mm-) thick, flexible 
elastomeric insulation on piping exposed to airflow through the unit. Maximum 
25/50 flame-spread/smoke-development indexes per ASTM E 84. 

8. Refrigerant Metering Device: Thermal expansion valve to allow specified 
operation with entering-water temperatures from 25 to 125 deg F (minus 4 to plus 
52 deg C). 

9. Hot-Gas Reheat Valve: Pilot-operated sliding-type valve with replaceable 
magnetic coil. 

H. Hot-Gas Reheat: Reheat valve diverts refrigerant hot gas to reheat coil when remote 
humidistat calls for dehumidification. 
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SECTION 15745 
WATER-SOURCE HEAT PUMPS 

I .  

J. 

K. 

L. 

M. 

2.3 

A. 

I 

B. 

Hot-Gas Bypass (all circuits): Include constant pressure expansion valve, solenoid 
valve, and controls to maintain continuous refrigeration system operation at I O  percent 
of full load on lead compressor. 

Filters: Disposable, pleated type, 2 inches (50 mm) thick and with a minimum of 90 
percent arrestance according to ASHRAE 52.1 and a minimum efficiency reporting 
value of 7 according to ASHRAE 52.2. 

Control equipment and sequence of operation are specified in Division 15 Sections 
"HVAC Instrumentation and Controls" and "Sequence of Operation." 

Controls: 

1. Basic Unit Controls: 

a. Low- and high-voltage protection. 
b. 
c. 
d. 
e. Control voltage transformer. 

Overcurrent protection for compressor and fan motor. 
Random time delay, three to ten seconds, start on power-up. 
Time delay override for servicing. 

2. BAS interface requirements as further described in Division 15 Sections "HVAC 
Instrumentation and Controls" and "Sequence of Operation." 

a. 
b. 
c. 

Interface relay for scheduled operation. 
Interface relay to provide indication of fault at central workstation. 
Provide BAC-net or Lonworks interface for central BAS workstation for the 
following functions: 

1) Set-point adjustment for set points identified in this Section. 
2) Start/stop and operating status of heat-pump unit. 
3) Data inquiry to include supply air, room air temperature and humidity, 

and entering-water temperature. 
4) Occupied and unoccupied schedules. 

Electrical Connection: Single electrical connection with fused disconnect. 

WATER-TO-WATER HEAT PUMPS 

General: The water-to water unit shall be a water-cooled unit capable of making warm 
and cold water. The water connected to the space conditioning unit (air handler) 
receiving the warm and cold water shall be called the load side. The water connected 
to the heat addition or rejection equipment (boiler, tower or geothermal loop) shall be 
called the source side. Each unit shall be capable of operating at 25°F - 11 0°F entering 
source-side water temperatures. Units are factory run tested in both the heating and 
cooling modes with full water flow. Each unit is ETL Listed. Each unit is shipped on a 
wood skid. 

Unit Construction: The outer casing and internal support parts is fabricated from G-90 
galvanized steel. Units have removable side and end panels to provide access to the 
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SECTION 15745 
WATER-SOURCE HEAT PUMPS 

compressor and control box. Unit shall have additional removable panels in the rear of 
the unit. Internal casing shall be insulated with l-inch thick, 1% Ib. multi-density, skin- 
coated fiber glass. Source-side supply and return water connections shall be NPT 
copper fittings located outside the cabinet for connection to loop piping. Load-side 
supply and return water connections shall be NPT copper fittings located outside the 
cabinet for connection to air handler piping. Units have both source and load side water 
connections on the same side of the unit for easy installation and access. The control 
box shall be accessible through a removable access panel. 

C. 

D. 

E. 

Refrigeration System - Unit shall have sealed refrigerant circuits including a hermetic 
compressor, reversing valve, thermal expansion valve, coaxial water-to-refrigerant coil, 
high and low side access valves and safety controls in each circuit. Each scroll type 
compressor shall have thermal overload protection and is mounted on neoprene 
isolators as recommended by the compressor manufacturer to minimize noise and 
vibration. The source-side water-to-refrigerant coil is coaxial design with copper inner 
tube and steel outer tube and rated at 450 psig on the refrigerant side and 400 psig on 
the water side. The load-side water-to-refrigerant coil is coaxial design with copper 
inner tube and steel outer tube and rated at 450 psig on the refrigerant side and 400 
psig on the water side. Safety controls include a high refrigerant pressure switch on 
each circuit and a low refrigerant pressure switch on each circuit for protection against 
loss of charge and extreme low temperature operation. The source-side fluid circuit 
shall have a low fluid temperature (freezestat) safety switch. Charge with 407c or 410a 
refrigerant. 

Electrical - All electrical components are housed in a separate enclosure with its own 
access door. Controls shall include compressor contactor(s), compressor -protection 
devices and a 24 volt transformer. Each compressor circuit shall have a lockout circuit 
to disable compressor operation in the event of a trip of any of the safety switches. The 
lockout circuit shall be capable of being reset from the main disconnect switch. 

Factory Installed Options: Low temperature operation allows operation for a 
geothermal ground-coupled loop. The units incorporate insulated water and refrigerant 
piping. The source-side coaxial heat exchanger is insulated to prevent condensation 
from forming. Solid state control includes a printed circuit board with five minute 
compressor anti-short cycle timer to protection and a random start timer to prevent the 
start-up of multiple units at the same time. Several relays are offered specific functions. 
An alarm relay provides a contact output on the trip of any safety switch. A shutdown 
relay provides on-off control from a remote 24 volt signal A compressor anti-short cycle 
timer prevents the compressor form coming back on for 5 minutes after a shutdown. 
Unit sizes 090 and larger shall have a return water temperature control system with 2 
stage control, an adjustable heat setpoint and an adjustable cool setpoint. A remote 
thermostat shall provide a heating or cooling signal to activate the heating and cooling 
modes of the control system. A freezestat to protect source water from freezing by 
means of a leaving water thermostat set a 32°F to shutdown compressor operation. 
Unit sizes 025 to 064 shall have a 75 VA transformer to handle large external control 
loads. Unit sizes 090-360 shall have a flow switch located in the source side water 
piping to stop compressor operation in the event of no flow. Unit sizes 090-360 shall 
have a flow switch located in the load side water piping to stop compressor operation in 
the event of no flow. A sound package shall to reduce radiated noise by addition of 
anti-vibration material. Unit sizes 025-064 shall have a terminal junction box to cover 
exposed terminal strip and to allow for a conduit connection. A third service port shall 

- 
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SECTION 15745 
WATER-SOURCE HEAT PUMPS 

be installed between the reversing valve and coaxial heat exchanger to allow for 
connection of a water regulating valve. 

F. 

2.4 

A. 

B. 

C. 

D. 

E. 

Field-mounted Accessories: A flexible steel-braided hose shall allow for connection of 
water piping. A ball valve on each hose shall isolate the water piping and allow water 
balance adjustment. A dual acting water regulating valve, %, shall control water flow 
based on compressor operation and refrigerant head pressure. A motorized valve shall 
stop source water flow if the compressor is not operating. 

HOSE KITS 

General: Hose kits shall be designed for minimum 400 psig (2758 kPa) working 
pressure, and operating temperatures from 33 to 211 deg F (0.5 to 99 deg C). Tag 
hose kits to equipment designations. 

Hose: Length [a4 inches (600 mm)] [36 inches (900 mm)] <Insert dimension>. 
Minimum diameter, equal to water-source heat-pump connection size. 

Isolation Valves: Two-piece bronze-body ball valves with stainless-steel ball and stem 
and galvanized-steel lever handle. Provide valve for supply and return. If balancing 
device is combination shutoff type with memory stop, the isolation valve may be 
omitted on the return. 

Strainer: Y-type with blowdown valve in supply connection. 

Balancing Device: Mount in return connection. Include meter ports to allow flow 
measurement with differential pressure gage. 
I. Manual, venturi-type balancing valve. 

PART 3 - EXECUTION 

3.1 

A. 

B. 

C. 

3.2 

A. 

EXAM INATION 

Examine areas and conditions for compliance with requirements for installation 
tolerances and other conditions affecting performance of water-source heat pumps. 

Examine roughing-in for piping and electric installations for water-source heat pumps to 
verify actual locations of piping connections and electrical conduit before installation. 

Proceed with installation only after unsatisfactory conditions have been corrected. 

INSTALLATION 

Concrete Bases: Install floor mounting units on 4-inch- (I 00-mm-) high concrete 
bases. See Division 15 Section "Basic Mechanical Materials and Methods" for 
concrete base materials and fabrication requirements. 
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B. 

3.3 

A. 

B. 

C:- 

D. 

E. 

F. 

3.4 

A. 

B. 

SECTION 15745 
WATER-SOURCE HEAT PUMPS 

Mount water-source heat pumps on concrete base with vibration isolators. Vibration 
isolators are specified in Division 15 Section "Mechanical Vibration and Seismic 
Controls." 

1. Units with Internally Isolated Fans and Compressors: Support on concrete bases 
using neoprene pads with minimum 0.125-inch (3.1 7-mm) static deflection. 
Secure units to anchor bolts installed in concrete bases. 

CONNECTIONS 

Drawings indicate general arrangement of piping, fittings, and specialties. Specific 
connection requirements are as follows: 

1. 
2. 

Connect supply and return hydronic piping to heat pump with hose kits. 
Connect heat-pump condensate drain pan to indirect waste connection with 
condensate trap of adequate depth to seal against the pressure of fan. Install 
cleanouts in piping at changes of direction. 

Duct installation requirements are specified in other Division 15 Sections. Drawings 
indicate general arrangement of ducts. Specific connection requirements are as 
follows: 

I. Connect supply and return ducts to water-source heat pumps with flexible duct 
connectors specified in Division 15 Section "Duct Accessories." 

Install electrical devices furnished by mTnZacturG bui Gt-spTcified to- be factory 
mounted. 

Install piping adjacent to machine to allow service and maintenance. 

Ground equipment according to Division 16 Section "Grounding and Bonding." 

Connect wiring according to Division 16 Section "Conductors and Cables." 

FIELD QUALITY CONTROL 

Manufacturer's Field Service: Engage a factory-authorized service representative to 
inspect, test, and adjust field-assembled components and equipment installation, 
including connections, and to assist in field testing. Report results in writing. 

Perform the following field tests and inspections and prepare test reports: 

1. 

2. 
3. 

4. 

After installing water-source heat pumps and after electrical circuitry has been 
energized, test units for compliance with requirements. 
Inspect for and remove shipping bolts, blocks, and tie-down straps. 
Operational Test: After electrical circuitry has been energized, start units to 
confirm proper motor rotation and unit operation. 
Test and adjust controls and safeties. Replace damaged and malfunctioning 
controls and equipment. 

GRW #3612 15745 - 8 

I 
I 
I 
I 
I 
I 
I 
I 
I 

--I 
I 
I 
I 
I 
I 
I 
I 
I -  
I 



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 15745 
WATER-SOURCE HEAT PUMPS 

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

3.5 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

B. Complete installation and startup checks according to manufacturer's written 
instructions and do the following: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
I O .  
11. 

12. 
13. 
14. 
15. 

16. 
17. 
18. 

19. 

20. 

21. 

Inspect for visible damage to unit casing. 
Inspect for visible damage to compressor, coils, and fans. 
Inspect internal insulation. 
Verify that labels are clearly visible. 
Verify that clearances have been provided for servicing. 
Verify that controls are connected and operable. 
Verify that filters are installed. 
Adjust vibration isolators. 
Inspect operation of barometric dampers. 
Verify bearing lubrication on fan. 
Inspect fan-wheel rotation for movement in correct direction without vibration and 
binding. 
Adjust fan belts to proper alignment and tension. 
Start unit according to manufacturer's written instructions. 
Complete startup sheets and attach copy with Contractor's startup report. 
Inspect and record performance of interlocks and protective devices; verify 
sequences. 
Operate unit for an initial period as recommended or required by manufacturer. 
Verify thermostat and humidistat calibration. 
Inspect outdoor-air dampers for proper stroke and interlock with return-air 
dampers. 
Inspect controls for correct sequencing of heating, mixing dampers, refrigeration, 
and normal and emergency shutdown. 
Start refrigeration system and measure and record the following: 

a. 
b. 
c. Outdoor-air, dry-bulb temperature. 
d. Outdoor-air-coil, discharge-air, dry-bulb temperature. 

Coil leaving-air, dry- and wet-bulb temperatures. 
Coil entering-air, dry- and wet-bulb temperatures. 

Measure and record the following minimum and maximum airflows. Plot fan 
volumes on fan curve. 

a. Supply-air volume. 
b. Return-air volume. 
c. Relief-air volume. 
d. Outdoor-air intake volume. 
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3.6 

A. 

B. 

C. 

3.7 

A. 

B. 

3.8 

A. 

SECTION 15745 
WATER-SOURCE HEAT PUMPS 

AD JUSTING 

Adjust initial temperature and humidity set points. 

Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

Occupancy Adjustments: When requested within 12 months of date of Substantial 
Completion, provide on-site assistance in adjusting system to suit actual occupied 
conditions. Provide up to two visits to Project during other than normal occupancy 
hours for this purpose. 

CLEANING 

Replace filters used during construction prior to air balance or substantial completion. 

After completing installation of exposed, factory-finished water-source heat pumps, 
inspect exposed finishes and repair damaged finishes. 

DEMONSTRATION 

Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain water-source heat pumps. Refer to 
Division 1 Section "Demonstration and Training." 

END OF SECTION 15745END OF SECTION 15745 
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SECTION 15762 - UNIT HEATERS 

PART 1 - GENERAL 

SECTION 15762 
UNIT HEATERS 

I .I 

A. 

1.2 

A. 

I .3 

A. 

B. 

C. 

D. 

1.4 

A. 

B. 

C. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

Section Includes: 
I. 
2. 

Propeller unit heaters with electric-resistance heating coils. 
Wall and ceiling heaters with propeller fans and electric-resistance heating coils. 

DEFINITIONS 

BAS: Building automation system. 

CWP: Cold working pressure. 

PTFE: Polytetrafluoroethylene plastic. 

TFE: Tetrafluoroethylene plastic. 

SUBMITTALS 

Product Data: Include rated capacities, operating characteristics, furnished specialties, 
and accessories for each product indicated. 

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. Plans, elevations, sections, and details. 
2. Location and size of each field connection. 
3. Details of anchorages and attachments to structure and to supported equipment. 
4. Equipment schedules to include rated capacities, operating characteristics, 

furnished specialties, and accessories. 
5. Location and arrangement of integral controls. 
6. Wiring Diagrams: Power, signal, and control wiring. 

7. Perimeter moldings for exposed or partially exposed cabinets. 

Samdes for Initial Selection: Finish colors for units with factory-applied color finishes. 
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SECTION 15762 
UNIT HEATERS 

D. Field quality-control test reports. 

E. Operation and Maintenance Data: For cabinet unit heaters to include in emergency, 
operation, and maintenance manuals. I 

1.5 QUALITY ASSURANCE I 
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. I 

PART 2 - PRODUCTS I 
2.1 PROPELLER UNIT HEATERS I 

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. Airtherm; a Mestek Company. 
2. Engineered Air Ltd. I 
3. McQuay International. 
4. Trane. 

Description: An assembly including casing, coil, fan, and motor in vertical and 
horizontal discharge configuration with adjustable discharge louvers. Provide factory 
mounting brackets. I 

I 

- - _- ~ _ _ _  - - - - - 

B. 

C. Comply with UL 2021. 

D. 

E. Cabinet Finish: Manufacturer's standard baked enamel applied to factory-assembled 

Cabinet: Removable panels for maintenance access to controls. 

and -tested propeller unit heater before shipping. 

I 
I 
I F. Discharge Louver: Adjustable fin diffuser for horizontal units and conical diffuser for 

vertical units. 

G. Electric-Resistance Heating Elements: Nickel-chromium heating wire, free from 
expansion noise and 60-Hz hum, embedded in magnesium oxide refractory and sealed 
in steel or corrosion-resistant metallic sheath with fins no closer than 0.16 inch (4 mm). 
Element ends shall be enclosed in terminal box. Fin surface temperature shall not 
exceed 550 deg F (288 deg C) at any point during normal operation. 

I. Circuit Protection: One-time fuses in terminal box for overcurrent protection and 
limit controls for high-temperature protection of heaters. 

2. Wiring Terminations: Stainless-steel or corrosion-resistant material. I 

I 
I -? 

I -  - - 
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SECTION 15762 
UNIT HEATERS 

H. Fan: Propeller type with aluminum wheel directly mounted on motor shaft in the fan 
venturi. 

I .  Fan Motors: Comply with requirements in Division 15 Section "Common Motor 
Requirements for HVAC Equipment." 

I. Motor Type: Permanently lubricated, multispeed. 

J. Control Devices: 

I. Unit-mounting, fan-speed switch. 
2. Unit-mounted thermostat. 

K. Electrical Connection: Factory wire motors and controls for a single field connection. 
Provide factory disconnect switch. 

2.2 WALL AND CEILING HEATERS 

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. 
2. 
3. 
4. 
5. Trane. 

Berko Electric Heating; a division of Marley Engineered Products. 
Chromalox, Inc.; a division of Emerson Electric Company. 
Markel Products; a division of TPI Corporation. 
QMark Electric Heating; a division of Marley Engineered Products. 

9. Description: An assembly including chassis, electric heating coil, fan, motor, and 
controls. Comply with UL 2021. 

CJ Cabinet: 

1. Front Panel: Extruded-aluminum bar grille, with removable panels fastened with 
tamperproof fasteners. Provide recessed mounting for finished spaces (e.g. 
restrooms, etc.). 
Finish: Baked enamel over baked-on primer with manufacturer's standard color 
selected by Architect, applied to factory-assembled and -tested wall and ceiling 
heaters before shipping. 

2. 

D. Surface-Mounting Cabinet Enclosure: Steel with finish to match cabinet for unfinished 
spaces (e.g., mechanical rooms). 

E. Electric-Resistance Heating Coil: Nickel-chromium heating wire, free from expansion 
noise and hum, embedded in magnesium oxide refractory and sealed in corrosion- 
resistant metallic sheath. Terminate elements in stainless-steel, machine-staked 
terminals secured with stainless-steel hardware, and limit controls for high temperature 
protection. Provide integral circuit breaker for overcurrent protection. 

F. Fan: Aluminum propeller directly connected to motor 
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UNIT HEATERS 

1. Motor: Permanently lubricated. Comply with requirements inDivision 15 Section 
"Common Motor Requirements for HVAC Equipment." 

G. Controls: Unit-mounted thermostat. 

H. Electrical Connection: Factory wire motors and controls for a single field connection. 
Provide factory disconnect switch. 

PART 3 - EXECUTION 

3.1 

A. 

B. 

C. 

3.2 

A. 

EXAM INATION 

Examine areas to receive unit heaters for compliance with requirements for installation 
tolerances and other conditions affecting performance. 

Examine roughing-in for electrical connections to verify actual locations before unit 
heater installation. 

Proceed with installation only after unsatisfactory conditions have been corrected. 

INSTALLATION 

Install wall boxes in finished wall assembly; seal and weatherproof. Joint-sealant 
materials and-applications-are-sp-e-cified in-Division-7 Section-"Joint-Sealants;"-- --- 

B. 

C. 

D. 

E. 

F. 

3.3 

A. 

B. 

Install cabinet unit heaters to comply with NFPA 90A. 

Install propeller unit heaters level and plumb. 

Suspend propeller unit heaters from structure with all-thread hanger rods and spring 
hangers. Hanger rods and attachments to structure are specified in Division 15 
Section "Hangers and Supports for HVAC Piping and Equipment." Vibration hangers 
are specified in Division 15 Section "Vibration and Seismic Controls for HVAC Piping 
and Equipment." 

Install wall-mounting thermostats and switch controls in electrical outlet boxes at 
heights to match lighting controls. Verify location of thermostats and other exposed 
control sensors with Drawings and room details before installation. 

Install new filters in each fan-coil unit within two weeks of Substantial Completion. 

CONNECTIONS 

Ground equipment according to Division 16 Section "Grounding and Bonding." 

Connect wiring according to Division 16 Section "Conductors and Cables." 
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SECTION 15762 
UNIT HEATERS 

3.4 

A. 

B. 

C. 

3.5 

A. 

B. 

3.6 

A. 

FIELD QUALITY CONTROL 

Manufacturer's Field Service: Engage a factory-authorized service representative to 
inspect, test, and adjust field-assembled components and equipment installation, 
including connections, and to assist in field testing. Report results in writing. 

Perform the following field tests and inspections and prepare test reports: 

1. Operational Test: After electrical circuitry has been energized, start units to 
confirm proper motor rotation and unit operation. 

2. Operate electric heating elements through each stage to verify proper operation 
and electrical connections. 

3. Test and adjust controls and safety devices. Replace damaged and 
malfunctioning controls and equipment. 

Remove and replace malfunctioning units and retest as specified above. 

ADJUSTING 

Adjust initial temperature set points. 

Occupancy Adjustments: When requested within 12 months of date of Substantial 
Completion, provide on-site assistance in adjusting system to suit actual occupied 
conditions. Provide up to two visits to Project during other-than-normal occupancy 
hours for this purpose. 

DEMONSTRATION 

Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain cabinet unit heaters. Refer to Division 1 
Section "Demonstration and Training." 

END OF SECTION 15762 
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SECTION 15785 
AIR-TO-AIR ENERGY RECOVERY EQUIPMENT 

SECTION 15785 - AIR-TO-AIR ENERGY RECOVERY EQUIPMENT 

PART 1 - GENERAL 

1 .I 

A. 

1.2 

A. 

1.3 

A. 

B. 

C. 

D. 

I .4 

A. 

B. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

Section Includes: 

1. Packaged energy recovery units. 

SUBMITTALS 

Product Data: For each type of product indicated. Include rated capacities, operating 
characteristics, furnished specialties, and accessories. 

Shop Drawings: For air-to-air energy recovery equipment. Include plans, elevations, 
sections, details, and attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each 
field connection. 
Wiring Diagrams: For power, signal; and control wiring. 2. 

Field quality-control reports. 

Operation and Maintenance Data: For air-to-air energy recovery equipment to include 
in maintenance manuals. 

QUALITY ASSURANCE 

Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

ARI Compliance: 

1. Capacity ratings for air-to-air energy recovery equipment shall comply with 
ARI 1060, "Performance Rating of Air-to-Air Heat Exchangers for Energy 
Recovery Ventilation Equipment." 
Capacity ratings for air coils shall comply with ARI 41 0, "Forced-Circulation Air- 
Cooling and Air-Heating Coils." 

2. 
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C. 

D. 

E. 

I .5 

A. 

C. 

1.6 

A. 

1.7 

A. 

ASHRAE Compliance: 

SECTION 15785 
AIR-TO-AIR ENERGY RECOVERY EQUIPMENT 

I. Applicable requirements in ASHRAE 62.1-2004, Section 5 - "Systems and 
Equipment" and Section 7 - "Construction and Startup." 

2. Capacity ratings for air-to-air energy recovery equipment shall comply with 
ASHRAE 84, "Method of Testing Air-to-Air Heat Exchangers." 

NRCA Compliance: Roof curbs for roof-mounted equipment shall be constructed 
according to recommendations of NRCA. 

UL Compliance: 

1. Packaged heat recovery ventilators shall comply with requirements in UL 181 2, 
"Ducted Heat Recovery Ventilators"; or UL 181 5, "Nonducted Heat Recovery 
Ventilators . I '  

Electric coils shall comply with requirements in UL 1995, "Heating and Cooling 
Equipment." 

2. 

COORDINATION 

Coordinate layout and installation of air-to-air energy recovery equipment and 
suspension system with other construction that penetrates ceilings or is supported by 
them, including light fixtures, HVAC equipment, fire-suppression system, and partition 
assemblies. 

- -~ _- 

Coordinate sizes and loca6onTof co-Zraebases wTh actual equipmentprovided. 

Coordinate sizes and locations of roof curbs, equipment supports, and roof 
penetrations with actual equipment provided. 

WARRANTY 

Special Warranty: Manufacturer's standard form in which manufacturer agrees to 
repair or replace components of air-to-air energy recovery equipment that fail in 
materials or workmanship within specified warranty period. 

1. Warranty Period for Packaged Energy Recovery Units: One year. 

EXTRA MATERIALS 

Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 

1. 
2. 
3. 

Filters: One set(s) of each type of filter specified. 
Fan Belts: One set(s) of belts for each belt-driven fan in energy recovery units. 
Wheel Belts: One set(s) of belts for each heat wheel. 
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PART 2 - PRODUCTS 

2.1 

A. 

B. 

C. 

D. 

E. 

F. 

SECTION 15785 
AIR-TO-AIR ENERGY RECOVERY EQUIPMENT 

PACKAGED ENERGY RECOVERY UNITS 

Basis-of-Design Product: Subject to compliance with requirements, provide product 
indicated on Drawings or comparable product by one of the following: 
1. Desert Aire. 
2. SEMCO Incorporated. 
3. Venmar CES Inc. 

Surfaces in contact with the airstream shall comply with requirements in 
ASHRAE 62.1-2004. 

Housing: Manufacturer's standard construction with corrosion-protection coating and 
exterior finish, hinged access doors with neoprene gaskets for inspection and access 
to internal parts, minimum 1 -inch- (25-mm-) thick thermal insulation, knockouts for 
electrical and piping connections, exterior drain connection, and lifting lugs. 

Heat Recovery Device: Aluminum heat wheel. 

Supply and Exhaust Fans: Forward-curved, centrifugal fan with spring isolators and 
insulated flexible duct connections. 

1. Motor and Drive: Belt driven with adjustable sheaves, motor mounted on 
adjustable base. 

2. Comply with NEMA designation, temperature rating, service factor, enclosure 
type, and efficiency requirements for motors specified in Division 15 Section 
"Common Motor Requirements for HVAC Equipment." 

3. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven 
load will not require motor to operate in service factor range above 1 .O. 

4. Controllers, Electrical Devices, and Wiring: Comply with requirements for 
electrical devices and connections specified in Division 16 Sections. 

5. Spring isolators on each fan having l-inch (25-mm) static deflection. 

Extended-Surface, Disposable Panel Filters: 

1. 
2. 

3. 
4. 
5. 
6. 
7. 

8. 
9. 

Comply with NFPA 90A. 
Filter Holding Frames: Arranged for flat or angular orientation, with access doors 
on both sides of unit. Filters shall be removable from one side or lift out from 
access plenum. 
Factory-fabricated, dry, extended-surface type. 
Thickness: 2 inches (50 mm). 
Minimum Arrestance: 90, according to ASHRAE 52.1. 
Minimum Merv: 7, according to ASHRAE 52.2. 
Media: Fibrous material formed into deep-V-shaped pleats with antimicrobial 
agent and held by self-supporting wire grid. 
Media-Grid Frame: Galvanized steel. 
Mounting Frames: Welded, galvanized steel with gaskets and fasteners, suitable 
for bolting together into built-up filter banks. 
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G. Piping and Wiring: Fabricate units with space within housing for piping and electrical I 
I 
I 
I 

conduits. Wire motors and controls so only external connections are required during 
installation. 

1. 

2. Include fused disconnect switches. 

Indoor Enclosure: NEMA 250, Type 12 enclosure contains relays, starters, and 
terminal strip. 

H. Accessories: 
I. Low-Leakage, Isolation Dampers: Double-skin, airfoil-blade, aluminum dampers 

with compressible jamb seals and extruded-vinyl blade edge seals, in opposed- 
blade arrangement with cadmium-plated steel operating rods rotating in 
stainless-steel sleeve bearings mounted in a single aluminum frame, with 
operating rods connected with a common linkage, and electric damper operator 
factory wired. Leakage rate shall not exceed 5 cfmlsq. ft. (0.22 L/s per sq. m) at 
1 -inch wg (250 Pa) and 9 cfmlsq. fl. (0.4 Lls per sq. m) at 4-inch wg (1 .O MPa). 

Rubber-in-shear isolators for ceiling-mounted units. 
Hinged access doors with quarter-turn latches. 

I 
2. Duct flanges. I 
3. 
4. I 

2.2 CONTROLS 

A. Time Clock: Solid-state, programmable, microprocessor-based unit for wall mounting 
with up to eight on/off cycles per day and battery backup protection of program settings 

I 
- - _ _  __ ___ -~ - _ _  ___ against ~ _ _ _ _  power _ _ _ _ _ _ _ _ _ _ ~  failure to energize unit. - - - ___ . _ - . - 

I PART 3 - EXECUTION 

3.1 EXAM INATION 

A. Examine areas and conditions, with Installer present, for compliance with requirements 
for installation tolerances and other conditions affecting performance of the Work. 

Examine casing insulation materials and filter media before air-to-air energy recovery 
equipment installation. Reject insulation materials and filter media that are wet, 
moisture damaged, or mold damaged. 

Examine roughing-in for electrical services to verify actual locations of connections 
before installation. 

Proceed with installation only after unsatisfactory conditions have been corrected. 

I 
I 
I 
I 

6. 

C. 

D. 

3.2 INSTALLATION 

A. Install heat wheels so supply and exhaust airstreams flow in opposite directions and 
rotation is away from exhaust side to purge section to supply side. I 
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I. 

2. 

3. 

Install access doors in both supply and exhaust ducts, both upstream and 
downstream, for access to wheel surfaces, drive motor, and seals. 
Install removable panels or access doors between supply and exhaust ducts on 
building side for bypass during startup. 
Access doors and panels are specified in Division 15 Section "Duct Accessories." 

B. 

C. 

D. 

E. 

3.3 

A. 

B. 

C. 

D. 

E. 

3.4 

A. 

B. 

Install floor-mounted units on 4-inch- (I 00-mm-) high concrete base. 

Equipment Mounting: Install air-to-air energy recovery equipment on concrete bases. 
Comply with requirements for concrete bases specified in Division 3 Section "Cast-in- 
Place Concrete." 

1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise 
indicated, install dowel rods on 18-inch (450-mm) centers around the full 
perimeter of concrete base. 

2. For supported equipment, install epoxy-coated anchor bolts that extend through 
concrete base and anchor into structural concrete floor. 

3. Place and secure anchorage devices. Use setting drawings, templates, 
diagrams, instructions, and directions furnished with items to be embedded. 

Install units with clearances for service and maintenance. 

Install new filters at completion of equipment installation and before testing, adjusting, 
and balancing. 

CONNECTIONS 

Comply with requirements for piping specified in Division 15 Section "Hydronic Piping." 
Drawings indicate general arrangement of piping, fittings, and specialties. 

Install piping adjacent to unit to allow service and maintenance. 

Connect piping to units mounted on vibration isolators with flexible connectors. 

Comply with requirements for ductwork specified in Division 15 Section "Metal Ducts." 

Electrical Connections: Comply with applicable requirements in Division 16 Sections. 

1. Install electrical devices furnished with units but not factory mounted. 

FIELD QUALITY CONTROL 

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

Perform tests and inspections. 
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1. Manufacturer's Field Service: Engage a factory-authorized service 
representative to inspect components, assemblies, and equipment installations, 
including connections, and to assist  in testing. 

C. 

D. 

E. 

3.5 

A. 

Tests  and Inspections: 

1. Operational Test: After electrical circuitry h a s  been energized, start units to 
confirm proper motor rotation and unit operation. 

2. Adjust seals and purge. 
3. Test and adjust controls and safeties. Replace damaged and malfunctioning 

controls and equipment. 
4. S e t  initial temperature and humidity s e t  points. 
5. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

Air-to-air energy recovery equipment will be considered defective if it does not p a s s  
tes ts  and  inspections. 

Prepare test  and inspection reports. 

DEMONSTRATION 

Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain air-to-air energy recovery units. 

END O F  SECTION 15785 
- -  
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SECTION 15815 - METAL DUCTS 

PART 1 - GENERAL 

1 .I 

A. 

1.2 

A. 

B. 

1.3 

A. 

B. 

1.4 

A. 

1.5 

A. 

RELATED DOCUMENTS 

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

SUMMARY 

This Section includes metal ducts for supply, return, outside, and exhaust air-distribution 
systems in pressure classes from minus 2- to plus IO-iiich wg (minus 500 to plus 2500 Pa). Metal 
ducts include the following: 
1. Rectangular ducts and fittings. 
2. 
3. 

Related Sections include the following: 
1. 

2. 

3. 

Single-wall, round, and flat-oval spiral-seam ducts and formed fittings. 
Double-wall, round, and flat-oval spiral-seam ducts and formed fittings. 

Division 23 Section "Nonmetal Ducts" for fibrous-glass ducts, thermoset FRP ducts, 
thermoplastic ducts, PVC ducts, and concrete ducts. 
Division 23 Section "HVAC Casings" for factory- and field-fabricated casings for 
mechanical equipment. 
Division 23 Section "Air Duct Accessories" for dampers, sound-control devices, 
duct-mounting access doors and panels, turning vanes, and flexible ducts. 

DEFINITIONS 

FRP: Fiberglass-reinforced plastic. 

NUSIG: National Uniform Seismic Installation Guidelines. 

SYSTEM DESCRIPTION 

Duct system design, as indicated, has been used to select size and type of air-moving 
and -distribution equipment and other air system components. Changes to layout or 
configuration of duct system must be specifically approved in writing by Architect. 
Accompany requests for layout modifications with calculations showing that proposed 
layout will provide original design results without increasing system total pressure. 

SU BM ITTALS 

Shop Drawings: CAD-generated and drawn to 1/4 inch equals I foot (150) scale. Show 
fabrication and installation details for double-wall metal ducts. 
I. Fabrication, assembly, and installation, including plans, elevations, sections, 

2. 
3. 
4. 

components, and attachments to other work. 
Duct layout indicating sizes and pressure classes. 
Elevations of top and bottom of ducts. 
Dimensions of main duct runs from building grid lines. 

GRW #3612 15815 - I 



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 1581 5 
METAL DUCTS 

5. Fittings. 
6. Reinforcement and spacing. 
7. Seam and joint construction. 
8. Penetrations through fire-rated and other partitions. 
9. Equipment installation based on equipment being used on Project. 
I O .  Duct accessories, including access doors and panels. 
11. Hangers and supports, including methods for duct and building attachment, 

vibration isolation, and seismic restraints. 

Coordination Drawings: Reflected ceiling plans, drawn to scale, on which the following 
items are shown and coordinated with each other, based on input from installers of the 
items involved: 
1. Ceiling suspension assembly members. 
2. Other systems installed in same space as ducts. 
3. Ceiling- and wall-mounting access doors and panels required to provide access to 

dampers and other operating devices. 
4. Ceiling-mounting items, including lighting fixtures, diffusers, grilles, speakers, 

sprinklers, access panels, and special moldings. 

B. 

C. Field quality-control test reports. 

1.6 QUALITY ASSURANCE 

A. 

B; -- NFPA-Compliance:- 

Welding: Qualify procedures and personnel according to AWS D1.1, "Structural Welding 
Code--Steel," for hangers and supports. 

I. 
2. 

- - - _-____.___ ~ ____-___- 

NFPA 90A, "Installation of Air Conditioning and Ventilating Systems." 
NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 
1. Available Manufacturers: Subject to compliance with requirements, manufacturers 

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

2.2 SHEET METAL MATERIALS 

A. Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for 
acceptable materials, material thicknesses, and duct construction methods, unless 
otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, roller 
marks, stains, discolorations, and other imperfections. 

Galvanized Sheet Steel: Lock-forming quality; complying with ASTM A 653/A 653M and 
having G ~ O  (2275) coating designation; ducts shall have mill-phosphatized finish for 
surfaces exposed to view. 

B. 
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1 

i 

i 

C. 

D. 

E. 

2.3 

A. 

B. 

C. 

D. 

2.4 

A. 

B. 

C. 

D. 

2.5 

A. 

Aluminum Sheets: ASTM B 209 (ASTM B 209M), alloy 3003, temper H14; with mill finish for 
concealed ducts and standard, I-side bright finish for exposed ducts. 

Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on 
galvanized sheet metal ducts. 

Tie Rods: Galvanized steel, l ibinch (6-mm) minimum diameter for lengths 36 inches (900 
mm) or less; 3/8-inch (IO-mm) minimum diameter for lengths longer than 36 inches (900 mm). 

SEALANT MATERIALS 

Joint and Seam Sealants, General: The term "sealant" is not limited to materials of 
adhesive or mastic nature but includes tapes and combinations of open-weave fabric 
strips and mastics. 

Water-Based Joint and Seam Sealant: Flexible, adhesive sealant, resistant to UV light 
when cured, UL 723 listed, and complying with NFPA requirements for Class 1 ducts. 

Flanged Joint Mastic: One-part, acid-curing, silicone, elastomeric joint sealant 
complying with ASTM C 920, Type S, Grade NS, Class 25, Use 0. 

Flange Gaskets: Butyl rubber or EPDM polymer with polyisobutylene plasticizer. 

HANGERS AND SUPPORTS 

Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel 
fasteners appropriate for construction materials to which hangers are being attached. 
1 . Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for slabs more 

than 4 inches (100 mm) thick. 
2. Exception: Do not use powder-actuated concrete fasteners for lightweight- 

aggregate concretes or for slabs less than 4 inches (I00 mm) thick. 

Hanger Materials: Galvanized sheet steel or threaded steel rod. 
1. Hangers Installed in Corrosive Atmospheres: Electrogalvanized, all-thread rods or 

galvanized rods with threads painted with zinc-chromate primer after installation. 
2. Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction 

Standards--Metal and Flexible" for steel sheet width and thickness and for steel rod 
diameters. 
Galvanized-steel straps attached to aluminum ducts shall have contact surfaces 
painted with zinc-chromate primer. 

Sheet metal screws, blind rivets, or self-tapping metal screws; 

3. 

Duct Attachments: 
compatible with duct materials. 

Trapeze and Riser Supports: Steel shapes complying with ASTM A 36/A 36M. 
1. 
2. 

Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates. 
Supports for Aluminum Ducts: Aluminum support materials unless materials are 
electrolytically separated from ducts. 

RECTANGULAR DUCT FABRICATION 

Fabricate ducts, elbows, transitions, offsets, branch connections, and other construction 
according to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" and 
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complying with requirements for metal thickness, reinforcing types and intervals, tie-rod 
applications, and  joint types and intervals. 
1. Lengths: Fabricate rectangular ducts in lengths appropriate to reinforcement and 

rigidity class required for pressure class. 
2. Deflection: Duct systems shall not exceed deflection limits according to SMACNA's 

"HVAC Duct Construction Standards--Metal and Flexible." 

B. 

C. 

D. 

2.6 

A. 

B. 

C. 

D. 

Transverse Joints: Prefabricated slide-on joints and components constructed using 
manufacturer's guidelines for material thickness, reinforcement size and spacing, and 
joint reinforcement. 

Formed-On Flanges: Construct according to SMACNA's "HVAC Duct Construction 
Standards--Metal and Flexible," Figure 1-4, using corner, bolt, cleat, and gasket details. 
I. Duct Size: Maximum 30 inches (750 mm) wide and u p  to 2-inch wg (500-Pa) pressure Ck3Ss. 
2. Longitudinal Seams:  Pittsburgh lock sealed with noncuring polymer sealant. 

Cross Breaking or  Cross Beading: Cross break or  cross bead duct s ides  19 inches (480 
mm) and larger and  0.0359 inch (0.9 mm) thick or  less, with more than 10 sq. ft. (0.93 sq. rn) of 
nonbraced panel a rea  unless ducts are lined. 

ROUND AND FLAT-OVAL DUCT AND FITTING FABRICATION 

Diameter as applied to flat-oval ducts in this Article is the diameter of a round duct with a 
circumference equal to the perimeter of a given size of flat-oval duct. 

Round, Longitudinal- and  Spiral Lock-Seam Ducts: Fabricate supply ducts of galvanized 
steel according-to-SMACNA'sJHVAC Duct Construction-Standards--Metal-and F-lexible; 

Flat-Oval, Longitudinal- and Spiral Lock-Seam Ducts: Fabricate supply ducts according 
to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible." 
1. Available Manufacturers: 

a. McGill AirFIow Corporation. 
b. SEMCO Incorporated. 

Duct Joints: 
1. 

2. 

3. 

4. 

GRW #3612 

Ducts u p  to 20 Inches (500 mm) in Diameter: Interior, center-beaded slip coupling, 
sealed before and after fastening, attached with shee t  metal screws. 
Ducts 21 to 72 Inches (535 to 1830 mm) in Diameter: Three-piece, gasketed, flanged 
joint consisting of two internal flanges with sealant and o n e  external closure band 
with gasket. 
Round Ducts: Prefabricated connection system consisting of double-lipped, EPDM 
rubber gasket. Manufacture ducts according to connection system manufacturer's 
tolerances. 
a .  Available Manufacturers: 

1) Ductmate Industries, Inc. 
2) Lindab Inc. 

Flat-Oval Ducts: Prefabricated connection system consisting of two flanges and 
o n e  synthetic rubber gasket. 
a. Available Manufacturers: 

1) Ductmate Industries, Inc. 
2) McGill AirFlow Corporation. 
3) SEMCO Incorporated. 

I '  
I 
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E. 90-Degree Tees and Laterals and Conical Tees: Fabricate to comply with SMACNA's 
"HVAC Duct Construction Standards--Metal and Flexible," with metal thicknesses 
specified for longitudinal-seam straight ducts. 

Diverging-Flow Fittings: Fabricate with reduced entrance to branch taps and with no 
excess material projecting from fitting onto branch tap entrance. 

Fabricate elbows using die-formed, gored, pleated, or mitered construction. Bend radius 
of die-formed, gored, and pleated elbows shall be I-1/2 times duct diameter. Unless 
elbow construction type is indicated, fabricate elbows as follows: 
1. Mitered-Elbow Radius and Number of Pieces: Welded construction complying with 

SMACNA's "HVAC Duct Construction Standards--Metal and Flexible," unless 
otherwise indicated. 
Round Mitered Elbows: Welded construction with the following metal thickness for pressure classes 
from minus 2- to plus 2-inch wg (minus 500 to plus 500 Pa): 
a. 
b. 
C. 
d. 
Round Mitered Elbows: Welded construction with the following metal thickness for pressure classes 
from 2- to IO-inch wg (500 to 2500 Pa): 
a. 
b. 
C. 
d. 

4. Flat-Oval Mitered Elbows: Welded construction with same metal thickness as 
longitudinal-seam flat-oval duct. 

5. gO-Degree, 2-Piece, Mitered Elbows: Use only for supply systems or for material- 
handling Cl&s A or B exhaust systems and only where space restrictions do not 
permit using radius elbows. Fabricate with single-thickness turning vanes. 
Round Elbows 8 Inches (200 rnrn) and Less in Diameter: Fabricate die-formed elbows 
for 45- and 90-degree elbows and ple'ated elbows for 30, 45, 60, and 90 degrees 
only. Fabricate nonstandard bend-angle configurations or nonstandard diameter 
elbows with gored construction. 
Round Elbows 9 through 14 Inches (225 through 355 mm) in Diameter: Fabricate gored or 
pleated elbows for 30, 45, 60, and 90 degrees unless space restrictions require 
mitered elbows. Fabricate nonstandard bend-angle configurations or nonstandard 
diameter elbows with gored construction. 

8. Round Elbows Larger Than 14 inches (355 rnrn) in Diameter and All Flat-Oval Elbows: 
Fabricate gored elbows unless space restrictions require mitered elbows. 

9. Die-Formed Elbows for Sizes through 8 Inches (200 mm) in Diameter and All Pressures 0.040 
inch (1.0 mrn) thick with 2-piece welded construction. 

IO. Round Gored-Elbow Metal Thickness: Same as non-elbow fittings specified above. 
11. Flat-Oval Elbow Metal Thickness: Same as longitudinal-seam flat-oval duct 

specified above. 
12. Pleated Elbows for Sizes through 14 Inches (355 mm) in Diameter and Pressures through 10- 

Inch wg (2500 Pa): 0.022 inch (0.55 mm). 

F. 

G. 

2. 

Ducts 3 to 36 Inches (75 to 915 rnm) in Diameter: 0.034 inch (0.85 mrn). 
Ducts 37 to 50 Inches (940 to 1270 mni) in Diameter: 0.040 inch (1.0 mm). 
Ducts 52 to 60 Inches (1320 to 1525 mm) in Diameter: 0.052 inch (1.3 mm). 
Ducts 62 to 84 Inches (1575 to 2130 nim) in Diameter: 0.064 inch (1.6 mm). 

3. 

Ducts 3 to 26 Inches (75 to 660 mm) in Diameter: 0.034 inch (0.85 mrn). 
Ducts 27 to 50 Inches (685 to 1270 mm) in Diameter: 0.040 inch (1.0 mm). 
Ducts 52 to GO Inches (1320 to 1525 mm) in Diameter: 0.052 inch (1.3 mm). 
Ducts 62 to 84 Inches (1575 to 2130 mm) in Diameter: 0.064 inch (1.6 rnm). 

6. 

7. 

2.7 DOUBLE-WALL DUCT AND FITTING FABRICATION 

A. AvailableManufacturers: 
A .  Lindab Inc. 
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2. McGill AirFlow Corporation. 
3. SEMCO Incorporated. 

Ducts: Fabricate double-wall (insulated) ducts with an outer shell and an inner duct. 
Dimensions indicated are for inner ducts. 
1. Outer Shell: Base metal thickness on outer-shell dimensions. Fabricate outer-shell lengths 2 inches 

(50 mm) longer than inner duct and insulation and in metal thickness specified for single-wall duct. 
2. Insulation: 1 -inch- (25-mm-) thick fibrous glass, unless otherwise indicated. Terminate insulation 

where double-wall duct connects to single-wall duct or uninsulated components, and reduce outer 
shell diameter to inner duct diameter. 
a. Thermal Conductivity (k-Value): 0.26 at 75 deg F (0.037 at 24 deg C) mean temperature. 
Perforated Inner Ducts: Fabricate with 0.028-inch-0.7-mm- thick sheet metal having 3/32-inch- (2.4- 
mm-) diameter perforations, with overall open area of 23 percent. 
Maintain concentricity of inner duct to outer shell by mechanical means. Prevent 
dislocation of insulation by mechanical means. 

Perforated Inner Ducts: Fabricate with 0.028-inch- (0.7-mm-) thick sheet metal having 3/32-inch- (2.4- 
mm-) diameter perforations, with overall open area of 23 percent. 

B. I 
I 
I 3. 

4. I 
C. Fittings: Fabricate double-wall (insulated) fittings with an outer shell and an inner duct. 

1. I 
PART 3 - EXECUTION 

3.1 

A. 

B. 

3.2 

A. 

B. 

C. 

D. 

E. 

F. 

DUCT APPLICATIONS 

Static-Pressure Classes: Unless otherwise indicated, construct ducts according to the 
following: 
1. Supply Ducts (before Air Terminal Units): 3-inch wg (750 Pa). 
2. Supply Ductslafter Air Terminal-UnitS): TinChw~ZSo pa.- 
3. Supply Ducts (in Mechanical Equipment Rooms): 3-inch wg (750 Pa). 
4. Return Ducts (Negative Pressure): I-inch wg (250 Pa). 
5. Exhaust Ducts (Negative Pressure): ?-inch wg (250 Pa). 

All ducts shall be single-wall galvanized steel except as follows: 
I. Exhaust ductwork serving showers and bath areas: Aluminum. 
2. Exposed ductwork: Double-wall. 

_~ __ _ _ _  

DUCT INSTALLATION 

Construct and install ducts according to SMACNA's "HVAC Duct Construction 
Standards--Metal and Flexible," unless otherwise indicated. 

Install round and flat-oval ducts in lengths not less than 12 feet (3.7 m) unless interrupted 

I 
I 

- 

by fittings. 

Install ducts with fewest possible joints. 

Install fabricated fittings for changes in directions, size, and shape and for connections. 

Install couplings tight to duct wall surface with a minimum of projections into duct. 
Secure couplings with sheet metal screws. Install screws at intervals of 12 inches (300 
mm), with a minimum of 3 screws in each coupling. 

Install ducts, unless otherwise indicated, vertically and horizontally and parallel and 
perpendicular to building lines; avoid diagonal runs. 
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G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

0. 

P. 

3.3 

A. 

B. 

3.4 

A. 

B. 

C. 

Install ducts close to walls, overhead construction, columns, and other structural and 
permanent enclosure elements of building. 

Install ducts with a clearance of I inch (25 mm), plus allowance for insulation thickness. 

Conceal ducts from view in finished spaces. Do not encase horizontal runs in solid 
partitions unless specifically indicated. 

Coordinate layout with suspended ceiling, fire- and smoke-control dampers, lighting 
layouts, and similar finished work. 

Seal all joints and seams. Apply sealant to male end connectors before insertion, and 
afterward to cover entire joint and sheet metal screws. 

Electrical Equipment Spaces: Route ducts to avoid passing through transformer vaults 
and electrical equipment spaces and enclosures. 

Non-Fire-Rated Partition Penetrations: Where ducts pass through interior partitions and 
exterior walls and are exposed to view, conceal spaces between construction openings 
and ducts or duct insulation with sheet metal flanges of same metal thickness as ducts. 
Overlap openings on 4 sides by at least 1-1/2 inches (38 mm). 

Fire-Rated Partition Penetrations: Where ducts pass through interior partitions and 
exterior walls, install appropriately rated fire dampers, sleeves, and firestopping sealant. 
Fire and smoke dampers are specified in Division 23 Section "Air Duct Accessories." 
Firestopping materials and installation methods are specified in Division 07 Section 
"Penetration Firestopping." 

Protect duct interiors from the elements and foreign materials until building is enclosed. 
Follow SMACNA's "Duct Cleanliness for New Construction." 

Paint interiors of metal ducts, that do not have duct liner, for 24 inches (600 mm) upstream 
of registers and grilles. Apply one coat of flat, black, latex finish coat over a compatible 
galvanized-steel primer. Paint materials and application requirements are specified in 
Division 09 painting Sections. 

SEAM AND JOINT SEALING 

Seal duct seams and joints according to SMACNA's "HVAC Duct Construction 
Standards--Metal and Flexible" for duct pressure class indicated. 
1. 

Seal ducts before external insulation is applied. 

For pressure classes lower than 2-inch wg (500 Pa), seal transverse joints. 

HANGING AND SUPPORTING 

Support horizontal ducts within 24 inches (600 mm) of each elbow and within 48 inches (1200 
inm) of each branch intersection. 

Support vertical ducts at maximum intervals of 16 feet (5 m) and at each floor. 

Install upper attachments to structures with an allowable load not exceeding one-fourth 
of failure (proof-test) load. 
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SECTION 15815 
METAL DUCTS 

D. 

E. 

3.5 

A. 

B. 

3.6 

A. 

Install concrete inserts before placing concrete. 

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. 

CONNECTIONS 

Make connections to equipment with flexible connectors according to Division 23 Section 
"Air Duct Accessories." 

Comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for 
branch, outlet and inlet, and terminal unit connections. 

FIELD QUALITY CONTROL 

Petform 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. 
Maximum Allowable Leakage: Comply with requirements for Leakage Class 3 for 
rou nd-and- f lat-oval-d ucts , -LeaRagF-Classl 2Tfo~tS@jiilarTi ucts in-pressTiEp - 

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). 
Remake leaking joints and retest until leakage is equal to or less than maximum 
allowable. 

3. 

4. 

END OF SECTION 
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SECTION 15820 
DUCT ACCESSORIES 

SECTION 15820 - DUCT ACCESSORIES 

PART 1 - GENERAL 

1 .I RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

This Section includes the following: 

1. Backdraft dampers. 
2. Manual-volume dampers. 
3. Turning vanes. 
4. 
5. Flexible ducts. 
6. Flexible connectors. 
7. Duct accessory hardware. 

Related Sections include the following: 

1. 

2. 

3. 

1.2 SUMMARY 

A. 

Duct-mounted access doors and panels. 

B. 

Division 8 Section "Access Doors" for wall- and ceiling-mounted access doors 
and panels. 

Division 15 Section "Air Terminals" for constant-volume and variable-air-volume 
control boxes, and reheat boxes. 

Division 15 Section "Diffusers, Registers, and Grilles." 

I .3 SUBMITTALS 

A. Product Data: For the following: 

1. Backdraft dampers. 
2. Manual-volume dampers. 
3. 
4. Flexible ducts. 

B. Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, 
loadings, required clearances, method of field assembly, components, location, and 
size of each field connection. Detail the following: 

1. 

2. Fire- and smoke-damper installations, including sleeves and duct-mounted 

Product Certificates: Submit certified test data on dynamic insertion loss; self-noise 
power levels; and airflow performance data, static-pressure loss, dimensions, and 
weights. 

NFPA Compliance: Comply with the following NFPA standards: 

I. 

2. 

Duct-mounted access doors and panels. 

Special fittings and manual- and automatic-volume-damper installations. 

access doors and panels. 

C. 

1.4 QUALITY ASSURANCE 

A. 

NFPA 90A, "Installation of Air Conditioning and Ventilating Systems." 

NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 

PART 2 - PRODUCTS 
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SECTION 15820 
DUCT ACCESSORIES 

2.1 

A. 

B. 

C. 

D. 

E. 

F. 

2.2 

A. 

B. 

C. 

D. 

SHEET METAL MATERIALS 

Galvanized, Sheet Steel: Lock-forming quality; ASTM A 653/A 653M, G90 (2275) 
coating designation; mill-phosphatized finish for surfaces of ducts exposed to view. 

Carbon-Steel Sheets: ASTM A 366/A 366M, cold-rolled sheets, commercial quality, 
with oiled, exposed matte finish. 

Aluminum Sheets: ASTM B 209 (ASTM B 209M), Alloy 3003, Temper H14, sheet 
form; with standard, one-side bright finish for ducts exposed to view and mill finish for 
concealed ducts. 

Extruded Aluminum: ASTM B 221 (ASTM B 221 M), Alloy 6063, Temper T6. 

Reinforcement Shapes and Plates: Galvanized steel reinforcement where installed on 
galvanized, sheet metal ducts; compatible materials for aluminum and stainless-steel 
ducts. 

Tie Rods: Galvanized steel, 1 /4-inch (6-mm) minimum diameter for 36-inch (900-mm) 
length or less; 318-inch (10-mm) minimum diameter for lengths longer than 36 inches 
(900 mm). 

BACKDRAFT DAMPERS 

Description: Suitable for horizontal or vertical installations. 

Frame: 0.063-inch- (1.6-mm-) thick extruded aluminum. 

Blades: 0.050-inch- (1.2-mm-) thick aluminum sheet. 

Blade Seals: Neoprene. 

E. Blade Axles: Nonferrous. 

F. Tie Bars and Brackets: Aluminum. 

G. Return Spring: Adjustable tension. 

2.3 MANUAL-VOLUME DAMPERS 

A. General: Factory fabricated with required hardware and accessories. Stiffen damper 
blades for stability. Include locking device to hold single-blade dampers in a fixed 
position without vibration. Close duct penetrations for damper components to seal duct 
consistent with pressure class. 

1. Pressure Classifications of 3-Inch wg (750 Pa) or Higher: End bearings or other 
seals for ducts with axles full length of damper blades and bearings at both ends 
of operating shaft. 

B. Standard Volume Dampers: Multiple- or single-blade, parallel- or opposed-blade 
design as indicated, standard leakage rating, and suitable for horizontal or vertical 
applications. 

1. Steel Frames: Hat-shaped, galvanized, sheet steel channels, minimum of 0.064 
inch (1.62 mm) thick, with mitered and welded corners; frames with flanges 
where indicated for attaching to walls; and flangeless frames where indicated for 
installing in ducts. 
Roll-Formed Steel Blades: 0.064-inch- (1.62-mm-) thick, galvanized, sheet steel. 2. 

3. Blade Axles: Galvanized steel. 
4. Tie Bars and Brackets: Galvanized steel. 

I 
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SECTION 15820 
DUCT ACCESSORIES 

C. 

D. 

E. 

F. 

2.4 

A. 

B. 

2.5 

A. 

B. 

C. 

Low-Leakage Volume Dampers: Multiple- or single-blade, parallel- or opposed-blade 
design as indicated, low-leakage rating, and suitable for horizontal or vertical 
applications. 

1. Steel Frames: Hat-shaped, galvanized, sheet steel channels, minimum of 0.064 
inch (1.62 mm) thick, with mitered and welded corners; frames with flanges 
where indicated for attaching to walls; and flangeless frames where indicated for 
installing in ducts. 

2. Roll-Formed Steel Blades: 0.064-inch- (I .62-mm-) thick, galvanized, sheet steel. 
3. Blade Seals: Neoprene. 
4. Blade Axles: Galvanized steel. 
5. Tie Bars and Brackets: Galvanized steel. 

High-Performance Volume Dampers: Multiple- or single-blade, parallel- or opposed- 
blade design as indicated, low-leakage rating, with linkage outside airstream, and 
suitable for horizontal or vertical applications. 

1. Steel Frames: Hat-shaped, galvanized steel channels, minimum of 0.064 inch 
( I  .62 mm) thick, with mitered and welded corners; frames with flanges where 
indicated for attaching to walls; and flangeless frames where indicated for 
installing in ducts. 
Steel Blades: 0.052-inch- ( I  .3-mm-) thick, galvanized, sheet steel; airfoil shaped. 
Blade Seals: Dual-durometer vinyl on blade edges; metallic compression. on 
jambs. 

2. 
3. 

4. Blade Axles: Galvanized steel. 
5. Tie Bars and Brackets: Galvanized steel. 

Jackshaft: I -inch- (25-mm-) diameter, galvanized steel pipe rotating within a pipe- 
bearing assembly mounted on supports at each mullion and at each end of multiple- 
damper assemblies. 

1. Appropriate to connect linkage of each 

Damper Hardware: Zinc-plated, die-cast core with dial and handle made of 3132-inch- 
(2.4-mm-) thick zinc-plated steel, and a 3/4-inch (19-mm) hexagon locking nut. Include 
center hole to suit damper operating-rod size. Include elevated platform for insulated 
duct mounting. 

TURNING VANES 

Fabricate to comply with SMACNA's "HVAC Duct Construction Standards-Metal and 
Flexible." 

Manufactured Turning Vanes: Fabricate of 1 -ID-inch- (38-mm-) wide, curved blades 
set 3/4 inch (19 mm) o.c.; support with bars perpendicular to blades set 2 inches (50 
mm) o.c.; and set into side strips suitable for mounting in ducts. 

Length and Number of Mountings: 
damper of a multiple-damper assembly. 

DUCT-MOUNTED ACCESS DOORS AND PANELS 

General: Fabricate doors and panels airtight and suitable for duct pressure class. 

Frame: Galvanized, sheet steel, with bend-over tabs and foam gaskets. 

Door: Double-wall, galvanized, sheet metal construction with insulation fill and 
thickness, and number of hinges and locks as indicated for duct pressure class. 
Include vision panel where indicated. Include 1 -by-I -inch (25-by-25-mm) butt or piano 
hinge and cam latches. 
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I 
I 

D. 

E. 

2.6 

A. 

B. 

C. 

D. 

2.7 

A. 

~ B. 

C. 

2.8 

A. 

B. 

C. 

D. 

Seal around frame attachment to duct and door to frame with neoprene or foam rubber. 

Insulation: 1 -inch- (25-mm-) thick, fibrous-glass or polystyrene-foam board. 

FLEXIBLE CONNECTORS 

General: Flame-retarded or noncombustible fabrics, coatings, and adhesives 
complying with UL 181, Class 1. 

Standard Metal-Edged Connectors: Factory fabricated with a strip of fabric 3-1/2 
inches (89 mm) wide attached to two strips of 2-3/4-inch- (70-mm-) wide, 0,028-inch- 
(0.7-mm-) thick, galvanized, sheet steel or 0.032-inch (0.8-mm) aluminum sheets. 
Select metal compatible with connected ducts. 

Transverse Metal-Edged Connectors: Factory fabricated with a strip of fabric 3-1 /2 
inches (89 mm) wide attached to two strips of 4-3/8-inch- (1 1 I-mm-) wide, 0.028-inch- 
(0.7-mm-) thick, galvanized, sheet steel or 0.032-inch (0.8-mm) aluminum sheets. 
Select metal compatible with connected ducts. 

Conventional, Indoor System Flexible Connector Fabric: Glass fabric double coated 
with polychloroprene. 

1. Minimum Weight: 26 oz./sq. yd. (880 g/sq. m). 
2. Tensile Strength: 480 lbflinch (84 N/mm) in the warp, and 360 Ibf/inch (63 

N/mm) in the filling. 

FLEXIBLE DUCTS 

General: Comply with UL 181, Class I. 

Flexible -~ Ducts I_-- Insulated. --L-- Factory:fabricated, ~~ insulated. round duct. with an outer __ - __ 
jacket enclosing 1-1 /2-inch- (38-mm-) thick, glass-fiber insulation around a continuous 
inner liner. 

I. 
2. 

3. Inner Liner: Polyethylene film. 

Pressure Rating: 6-inch wg (1500 Pa) positive, 1/2-inch wg (125 Pa) negative. 

ACCESSORY HARDWARE 

Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including 
screw cap and gasket. Size to allow insertion of pitot tube and other testing 
instruments, and length to suit duct insulation thickness. 

Splitter Damper Accessories: Zinc-plated damper blade bracket; 1/4-inch (6-mm), 
zinc-plated operating rod; and a duct-mounted, ball-joint bracket with flat rubber gasket 
and square-head set screw. 

Flexible Duct Clamps: Stainless-steel band with cadmium-plated hex screw to tighten 
band with a worm-gear action, in sizes 3 to 18 inches (75 to 450 mm) to suit duct size. 

Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to 
gasoline and grease. 

__ 

Reinforcement: Steel-wire helix encapsulated in inner liner. 
Outer Jacket: 
integral fibrous-glass tape, and nylon hanging cord. 

Glass-reinforced, silver Mylar with a continuous hanging tab, 

I 
I 
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3. I I NSTALLATI 0 N 
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DUCT ACCESSORIES 

A. 

B. 
C. 
D. 

Install duct accessories according to applicable details shown in SMACNA's "HVAC 
Duct Construction Standards-Metal and Flexible." 
Install volume dampers in lined duct; avoid damage to and erosion of duct liner. 
Provide test holes at fan inlet and outlet and elsewhere as indicated. 
Limit length of flexible duct to a maximum of 6-feet at final connections to diffusers, 
unless otherwise indicated. Use of pre-manufactured flexible duct elbow supports is an 
acceptable alternative to sheet metal on final connections to diffusers. 
Install duct access panels for access to both sides of duct coils. Install duct access 
panels downstream from volume dampers and equipment. 
1. Install duct access panels to allow access to interior of ducts for cleaning, 

inspecting, adjusting, and maintaining accessories and terminal units. 
2. Install access panels on side of duct where adequate clearance is available. 

F. Label access doors according to requirements within Division 15 Section "Basic 
Mechanical Materials and Methods." 

E. 

3.2 ADJUST1 NG 
A. 
B. Final positioning of manual-volume dampers is specified in Division 15 Section 

Adjust duct accessories for proper settings. 

"Testing, Adjusting, and Balancing." 
END OF SECTION 15820 
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SECTION 15838 - POWER VENTILATORS 

PART I - GENERAL 

SECTION 15838 
POWER VENTILATORS 

1 .I 

A. 

1.2 

A. 

I .3 

A. 

B. 

1.4 

A. 

B. 

C. 

D. 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes the following: 
1. Axial roof ventilators. 
2. Ceiling-mounting ventilators. 
3. In-line centrifugal fans. 
4. Propeller fans. 

PERFORMANCE REQUIREMENTS 

Project Altitude: Base fan-performance ratings on actual Project site elevations. 

Operating Limits: Classify according to AMCA 99. 

SUBMITTALS 

Product Data: Include rated capacities, furnished specialties, and accessories for each 
type of product indicated and include the following: 

1. 
2. Certified fan sound-power ratings. 
3. 
4. 
5. 
6. Roof curbs. 
7. Fan speed controllers. 

Certified fan performance curves with system operating conditions indicated. 

Motor ratings and electrical characteristics, plus motor and electrical accessories. 
Material thickness and finishes, including color charts. 
Dampers, including housings, linkages, and operators. 

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. Wiring Diagrams: Power, signal, and control wiring. 

Field quality-control test reports. 

Operation and Maintenance Data: For power ventilators to include in emergency, 
operation, and maintenance manuals. 
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POWER VENTILATORS 

I .5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 

AMCA Compliance: Products shall comply with performance requirements and shall 
be licensed to use the AMCA-Certified Ratings Seal. 

l 
B. I 

I C. NEMA Compliance: Motors and electrical accessories shall comply with NEMA 
standards. 

D. UL Standard: Power ventilators shall comply with UL 705. I 
1.6 DELIVERY, STORAGE, AND HANDLING I 

I 
A. Deliver fans as factory-assembled unit, to the extent allowable by shipping limitations, 

with protective crating and covering. 

Disassemble and reassemble units, as required for moving to final location, according 
to manufacturer's written instructions. 

Lift and support units with manufacturer's designated lifting or supporting points. 

B. 

C. I 

I" A. 

B. 

Coordinate size and location of structural-steel support members. 

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 
Concrete, reinforcement, and formwork requirements are specified in Division 3. 

I 
C. Coordinate installation of roof curbs, equipment supports, and roof penetrations. I 

These items are specified in Division 7 Section "Roof Accessories." 

I 
1.8 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. 

I 
Belts: One set(s) for each belt-driven unit. I 

GRW #3612 
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POWER VENTILATORS 

PART 2 - PRODUCTS 

2.1 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

AXIAL ROOF VENTILATORS 

Basis-of-Design Product: Subject to compliance with requirements, provide the 
product indicated on Drawings or a comparable product by one of the following: 
1. Greenheck. 
2. Loren Cook Company. 

Description: Direct- or belt-driven axial fans consisting of housing, wheel, fan shaft, 
bearings, motor and disconnect switch, drive assembly, curb base, and accessories. 

Housing: Heavy-gage, removable, spun-aluminum, dome top and outlet baffle; square, 
one-piece, hinged, aluminum base. 

1. Hinged Subbase: Galvanized-steel hinged arrangement permitting service and 
maintenance. 

Fan Wheel: Aluminum hub and blades. 

Belt-Driven Drive Assembly: Resiliently mounted to housing, with the following 
features: 

1. 
2. Shaft Bearings: Permanently lubricated, permanently sealed, self-aligning ball 

3. 

Fan Shaft: Turned, ground, and polished steel; keyed to wheel hub. 

bearings. 
Pulleys: Cast-iron, adjustable-pitch motor pulley. 

Accessories: 

1. Disconnect Switch: Nonfusible type, with thermal-overload protection mounted 
inside fan housing, factory wired through an internal aluminum conduit. 

2. Bird Screens: Removable, 1 /2-inch ( I  3-mm) mesh, aluminum or brass wire. 
3. Dampers: Counterbalanced, parallel-blade, backdraft dampers mounted in curb 

base; factory set to close when fan stops. 
4. Motorized Dampers: Parallel-blade dampers mounted in curb base with electric 

actuator; wired to close when fan stops. 

Roof Curbs: Galvanized steel; mitered and welded corners; 1-1 /2-inch- (40-mm-) thick, 
rigid, fiberglass insulation adhered to inside walls; and 1 -1/2-inch (40-mm) wood nailer. 
Size as required to suit roof opening and fan base. 

1. 
2. 
3. 
4. Metal Liner: Galvanized steel. 

Configuration: Built-in raised cant and mounting flange. 
Overall Height: 12 inches (300 mm). 
Pitch Mounting: Manufacture curb for roof slope. 

1 1  

GRW #3612 15838 - 3 



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 15838 
PO WE R VE NTI LATO RS 

2.2 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

2.3 

A. 

B. 

C. 

D. 

E. 

CEILING-MOUNTING VENTILATORS 

Basis-of-Design Product: Subject to compliance with requirements, provide the 
product indicated on Drawings or a comparable product by one of the following: 
I .  Greenheck. 
2. Loren Cook Company. 

Description: Centrifugal fans designed for installing in ceiling or wall or for concealed 
in-line applications. 

Housing: Steel, lined with acoustical insulation. 

Fan Wheel: Centrifugal wheels directly mounted on motor shaft. Fan shrouds, motor, 
and fan wheel shall be removable for service. 

Grille: Plastic, louvered grille with flange on intake and thumbscrew attachment to fan 
housing. 

Electrical Requirements: Junction box for electrical connection on housing and 
receptacle for motor plug-in. 

Accessories: 

1. Variable-Speed Controller: Solid-state control to reduce speed from 100 to less 
than 50 percent. 

__ 2. ____ Manual Starter - Switch: -__ - - -  Single-pole rocker switch assembly with cover and pilot 
light. 

3. Isolation: *Rubber-in-shear vibration isolators. 
4. Manufacturer's standard roof jack or wall cap, and transition fittings. 

IN-LINE CENTRIFUGAL FANS 

Basis-of-Design Product: Subject to compliance with requirements, provide the 
product indicated on Drawings or a comparable product by one of the following: 
1. Greenheck. 
2. Loren Cook Company. 

Description: In-line, direct or belt-driven (as scheduled) centrifugal fans consisting of 
housing, wheel, outlet guide vanes, fan shaft, bearings, motor and disconnect switch, 
drive assembly, mounting brackets, and accessories. 

Housing: Split, spun aluminum with aluminum straightening vanes, inlet and outlet 
flanges, and support bracket adaptable to floor, side wall, or ceiling mounting. 

Direct-Driven Units: Motor mounted in airstream, factory wired to disconnect switch 
located on outside of fan housing. 

Belt-Driven Units: Motor mounted on adjustable base, with adjustable sheaves, 
enclosure around belts within fan housing, and lubricating tubes from fan bearings 
extended to outside of fan housing. 
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F. 

G. 

2.4 

A. 

B. 

C. 

D. 

E. 

F. 

Fan Wheels: Aluminum, airfoil blades welded to aluminum hub. 

Accessories: 

1. Variable-Speed Controller: Solid-state control to reduce speed from I00  to less 
than 50 percent. 

2. Volume-Control Damper: Manually operated with quadrant lock, located in fan 
outlet. 

3. Companion Flanges: For inlet and outlet duct connections. 
4. Fan Guards: 112- by l-inch (13- by 25-mm) mesh of galvanized steel in 

removable frame. Provide guard for inlet or outlet for units not connected to 
ductwork. 
Motor and Drive Cover (Belt Guard): Epoxy-coated steel. 5. 

PROPELLER FANS 

Basis-of-Design Product: Subject to compliance with requirements, provide the 
product indicated on Drawings or a comparable product by one of the following: 
1. Greenheck. 
2. Loren Cook Company. 

Description: Direct- or belt-driven propeller fans consisting of fan blades, hub, housing, 
orifice ring, motor, drive assembly, and accessories. 

Housing: Galvanized-steel sheet with flanged edges and integral orifice ring with 
baked-enamel finish coat applied after assembly. 

Fan Wheel: Replaceable, extruded-aluminum, airfoil blades fastened to cast-aluminum 
hub; factory set pitch angle of blades. 

Belt-Driven Drive Assembly: Resiliently mounted to housing, statically and dynamically 
balanced and selected for continuous operation at maximum rated fan speed and 
motor horsepower, with final alignment and belt adjustment made after installation. 

1. Service Factor Based on Fan Motor Size: I .4. 
2. 
3. Shaft Bearings: Permanently lubricated, permanently sealed, self-aligning ball 

Fan Shaft: Turned, ground, and polished steel; keyed to wheel hub. 

bearings. 

a. Ball-Bearing Rating Life: ABMA 9, L ~ o  of 100,000 hours. 

4. 
5. 

Pulleys: Cast iron with split, tapered bushing; dynamically balanced at factory. 
Motor Pulleys: Adjustable pitch for use with motors through 5 hp; fixed pitch for 
use with larger motors. Select pulley so pitch adjustment is at the middle of 
adjustment range at fan design conditions. 
Belts: Oil resistant, nonsparking, and nonstatic; matched sets for multiple belt 
drives. 
Belt Guards: Fabricate of steel for motors mounted on outside of fan cabinet. 

6. 

7. 

Accessories: 
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2.5 

A. 

B. 

C. 

2.6 

A. 

B. 

1. Gravity Shutters: Aluminum blades in aluminum frame; interlocked blades with 
nylon bearings. 

2. Motor-Side Back Guard: Galvanized steel, complying with OSHA specifications, 
removable for maintenance. 

3. Wall Sleeve: Galvanized steel to match fan and accessory size. 
4. Weathershield Hood: Galvanized steel to match fan and accessory size. 
5. Variable-Speed Controller: Solid-state control to reduce speed from I00  to less 

than 50 percent. 
6. Disconnect Switch: Nonfusible type, with thermal-overload protection mounted 

inside fan housing, factory wired through an internal aluminum conduit. 

MOTORS 

Comply with requirements in Division 15 Section "Motors." 

Enclosure Type: Totally enclosed, fan cooled. 

Provide VFD rated motors for fans scheduled with VFD control. 

SOURCE QUALITY CONTROL 

Sound-Power Level Ratings: Comply with AMCA 301 , "Methods for Calculating Fan 
Sound Ratings from Laboratory Test Data." Factory test fans according to AMCA 300, 
"Reverberant Room Method for - Sound __ Testing ____ -__ of Fans." _ ~ _ _  _ _  Label fans with - - the -____ AMCA- 
CZTifiGTRZiKgs Seall - 

- 

Fan Performance Ratings: Establish flow rate, pressure, power, air density, speed of 
rotation, and efficiency by factory tests and ratings according to AMCA 210, 
"Laboratory Methods of Testing Fans for Rating." 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install power ventilators level and plumb. 

B. Secure roof-mounting fans to roof curbs with cadmium-plated hardware. Refer to 
Division 7 Section "Roof Accessories" for installation of roof curbs. 

C. Ceiling Units: Suspend units from structure; use steel wire or metal straps. 

D. Support suspended units from structure using threaded steel rods and elastomeric 
hangers or spring hangers having a static deflection of I inch (25 mm). Vibration- 
control devices are specified in Division 15 Section "Mechanical Vibration and Seismic 
Controls." 

E. Install units with clearances for service and maintenance. 
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SECTION 15838 
POWER VENTILATORS 

F. Label units according to requirements specified in Division 15 Section "Mechanical 
Identification." 

3.2 CONNECTIONS 

A. Duct installation and connection requirements are specified in other Division 15 
Sections. Drawings indicate general arrangement of ducts and duct accessories. 
Make final duct connections with flexible connectors. Flexible connectors are specified 
in Division 15 Section "Duct Accessories." 

B. Install ducts adjacent to power ventilators to allow service and maintenance. 

C. Ground equipment according to Division 16 Section "Grounding and Bonding." 

D. Connect wiring according to Division 16 Section "Conductors and Cables." 

3.3 FIELD QUALITY CONTROL 

A. Perform the following field tests and inspections and prepare test reports: 

1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that 

connections to ducts and electrical components are complete. Verify that proper 
thermal-overload protection is installed in motors, starters, and disconnect 
switches. 
Verify that cleaning and adjusting are complete. 
Disconnect fan drive from motor, verify proper motor rotation direction, and verify 
fan wheel free rotation and smooth bearing operation. Reconnect fan drive 
system, align and adjust belts, and install belt guards. 

Adjust damper linkages for proper damper operation. 
Verify lubrication for bearings and other moving parts. 
Verify that manual and automatic volume control and fire and smoke dampers in 
connected ductwork systems are in fully open position. 
Disable automatic temperature-control operators, energize motor and adjust fan 
to indicated rpm, and measure and record motor voltage and amperage. 
Shut unit down and reconnect automatic temperature-control operators. 
Remove and replace malfunctioning units and retest as specified above. 

3. 
4. 

5. Adjust belt tension. 
6. 
7. 
8. 

9. 

I O .  
11. 

6. Test and adjust controls and safeties. Replace damaged and malfunctioning controls 
and equipment. 

3.4 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

B. Adjust belt tension. 
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SECTION 15838 
POWER VENTILATORS 

C. Refer to Division 15 Section "Testing, Adjusting, and Balancing" for testing, adjusting, 
and balancing procedures. 

D. Replace fan and motor pulleys as required to achieve design airflow. 

E. Lubricate bearings. 

END OF SECTION I5838 
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SECTION 15840 

AIR TERMINAL UNITS 

PART 1 - GENERAL 

SECTION 5840 
AIR TERMINAL UNITS 

GRW #3612 15840 - I 

I *I 

A. 

1.2 

A. 

1.3 

A. 

B. 

C. 

1.4 

A. 

B. 

C. 

1.5 

RELATED DOCUMENTS 

Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 

SUMMARY 

This Section includes the following: 
1. Shutoff single-duct air terminal units. 

SUBMITTALS 

Product Data: For each type of product indicated, include rated capacities, furnished 
specialties, sound-power ratings, and accessories. 

Shop Drawings: Detail equipment assemblies and indicate dimensions, required 
clearances, method of field assembly, components, and location and size of each field 
connection. 
1. Include a schedule showing unique model designation, room location, model 

2. 
number, size, and accessories furnished. 
Wiring Diagrams: Power, signal, and control wiring. 

Operation and Maintenance Data: For air terminal units to include in emergency, 
operation, and maintenance manuals. In addition to items specified in Division I Section 
"Closeout Procedures" and "Operation and Maintenance Data," include the following: 
I. 
2. 

Instructions for resetting minimum and maximum air volumes. 
Instructions for adjusting software set points. 

QUALITY ASSURANCE 

Product Options: Drawings indicate size, profiles, and dimensional requirements of air 
terminal units and are based on the specific system indicated. Refer to Division 1 
Section "Product Requirements." 

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. 

NFPA Compliance: Install air terminal units according to NFPA 90A, "Standard for the 
Installation of Air Conditioning and Ventilating Systems." 

COORDl NATION 
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SECTION 15840 
AIR TERMINAL UNITS 

A. Coordinate layout and installation of air terminal units and suspension system with other 
construction that penetrates ceilings or is supported by them, including light fixtures, 
HVAC equipment, fire-suppression system, and partition assemblies. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 
1. Manufacturers: Subject to compliance with requirements, provide products by one 

of the manufacturers specified. 

2.2 SHUTOFF SINGLE-DUCT AIR TERMINAL UNITS 

A. Available Manufacturers: 
I. 
2. 
3. York. 

Environmental Technologies, Inc.; Enviro-Air Div. 
Trane Co. (The); Worldwide Applied Systems Group. 

B. Configuration: Volume-damper assembly inside unit casing with control components 
located inside a protective metal shroud. 

C. Casing: 0.034-inch (0.85-mm) steel. 
1. Casing Lining: 3/4-inch- (19-mm-) thick, coated, fibrous-glass duct liner complying 

perforated metal. 
2. Air Inlet: Round stub connection or S-slip and drive connections for duct 

attachment . 
3. Air Outlet: S-slip and drive connections. 
4. Access: 

service, adjustment, or maintenance; with airtight gasket. 

- _ _  w i t h - - A S T M - 6 4  07-l~secured-with-adhesive;-60ver-liner-with-nonporous -foil -and---- 

Removable panels for access to dampers and other parts requiring 

D. Regulator Assembly: Extruded-aluminum or galvanized-steel components; key damper 
blades onto shaft with nylon-fitted pivot points located inside unit casing. 
1. Automatic Flow-Control Assembly: Combined spring rates shall be matched for 

each volume-regulator size with machined dashpot for stable operation. 
2. Factory-calibrated and field-adjustable assembly with shaft extension for connection 

to externally mounted control actuator. 

Volume Damper: Galvanized steel with peripheral gasket and self-lubricating bearings. 
1. Maximum Damper Leakage: ARI 880 rated, 2 percent of nominal airflow at 3-inch 

wg (750-Pa) inlet static pressure. 
2. Damper Position: Normally open. 

Hot-Water Heating Coil: Copper tube, mechanically expanded into aluminum-plate fins; leak tested 
underwater to 200 psig (1380 kPa); and factory installed. 

DDC Controls: Bidirectional damper operators and microprocessor-based controller and 
room sensor shall be compatible with temperature controls specified in Division 15 
Section "HVAC Instrumentation and Controls" and shall have the following features: 
I. 

E. 

F. 

G. 

Damper Actuator: 24 V, powered closed, spring return open. 
_. - 
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SECTION 15840 
AIR TERMINAL UNITS 

2. Terminal Unit Controller: Pressure-independentl variable-air-volume controller with 
electronic airflow transducer with multipoint velocity sensor at air inlet, factory 
calibrated to minimum and maximum air volumes, and having the following 
features: 
a. 
b. Time-proportional reheat-coil control. 
c. 
d. 
e. 
f. Communication with temperature-control system specified in Division 15 

Room Sensor: Wall mounting, with temperature set-point adjustment and access 
for connection of portable operator terminal. 

Proportional, plus integral control of room temperature. 

Occupied and unoccupied operating mode. 
Remote reset of airflow or temperature set points. 
Adjusting and monitoring with portable terminal. 

Section "HVAC Instrumentation and Controls." 
3. 

2.3 SOURCE QUALITY CONTROL 

A. 

B. 

Identification: Label each air terminal unit with plan number, nominal airflow, maximum 
and minimum factory-set airflows, coil type, and ARI certification seal. 

Verification of Performance: Rate air terminal units according to ARI 880. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install air terminal units level and plumb. Maintain sufficient clearance for normal service 
and maintenance. 

3.2 CONNECTIONS 

A. 

B. 

C. 

Piping installation requirements are specified in other Division 15 Sections. Drawings 
indicate general arrangement of piping, fittings, and specialties. 

Install piping adjacent to air terminal units to allow service and maintenance. 

Hot-Water Piping: In addition to requirements in Division 15 Section "Hydronic Piping," 
connect heating coils to supply with shutoff valve, strainer, control valve, and union or 
flange; and to return with balancing valve and union or flange. 

Connect ducts to air terminal units according to Division 15 Section "Metal Ducts." D. 

E. Ground units with electric heating coils according to Division 16 Section "Grounding and 
Bonding." 

F. Connect wiring according to Division 16 Section "Conductors and Cables." 

G. 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. 

3.3 FIELD QUALITY CONTROL 
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SECTION 15840 
AIR TERMINAL UNITS 

A. Manufacturer's Field Service: Engage a factory-authorized service representative to 
inspect, test, and adjust field-assembled components and equipment installation, 
including connections, and to assist in field testing. Report results in writing. 

Perform the following field tests and inspections and prepare test reports: 
1. After installing air terminal units and after electrical circuitry has been energized, 

test for compliance with requirements. 
2. Leak Test: After installation, fill water coils and test for leaks. Repair leaks and 

retest until no leaks exist. 
3. Operational Test: After electrical circuitry has been energized, start units to confirm 

proper motor rotation and unit operation. 
4. Test and adjust controls and safeties. Replace damaged and malfunctioning 

controls and equipment. 

Remove and replace malfunctioning units and retest as specified above. 

B. 

C. 

3.4 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 
1. Complete installation and startup checks according to manufacturer's written 

instructions and do the following: 
a. Verify that inlet duct connections are as recommended by air terminal unit 

manufacturer to achieve proper performance. 
b. Verify that controls and control enclosure are accessible. 
c. Verify that control connections are complete. 
d. Verify that nameplate and identification tag are visible. 
e. Veri rols respond to inputs as specified. 

_ _ _  ___--___ __ -- - fy-that-c~~ ----- --*- _______- ~ ~ _ _ -  

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain air terminal units. Refer to Division I Section 
"Closeout Procedures" and "Demonstration and Training." 

END OF SECTION 

- -  
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SECTION 15855 
DIFFUSERS, REGISTERS, AND GRILLES 

SECTION 15855 - DIFFUSERS, REGISTERS, AND GRILLES 

PART 1 - GENERAL 

1.1 

A. 

1.2 

A. 

B. 

1.3 
A. 

B. 

C. 

1.4 

A. 

1.5 

A. 

B. 

RELATED DOCUMENTS 

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

SUMMARY 

This Section includes ceiling- and wall-mounted diffusers, registers, and grilles. 

Related Sections include the following: 

1. 

2. 

DEFINITIONS 

Diffuser: Circular, square, or rectangular air distribution outlet, generally located in the 
ceiling and comprised of deflecting members discharging supply air in various 
directions and planes and arranged to promote mixing of primary air with secondary 
room air. 

Grille: A louvered or perforated covering for an opening in an air passage, which can 
be located in a sidewall, ceiling, or floor. 

Register: A combination grille and damper assembly over an air opening. 

SUBMITTALS * 

Product Data: For each model indicated, include the following: 

I. Data Sheet: For each type of air outlet and inlet, and accessory furnished; 
indicate construction, finish, and mounting details. 

2. Performance Data: Include throw and drop, static-pressure drop, and noise 
ratings for each type of air outlet and inlet. 

3. Schedule of diffusers, registers, and grilles indicating drawing designation, room 
location, quantity, model number, size, and accessories furnished. 

4. Assembly Drawing: For each type of air outlet and inlet; indicate materials and 
methods of assembly of components. 

QUALITY ASSURANCE 

Product Options: Drawings and schedules indicate specific requirements of diffusers, 
registers, and grilles and are based on the specific requirements of the systems 
indicated. Other manufacturers' products with equal performance characteristics may 
be considered. Refer to Division 1 Section "Substitutions." 

NFPA Compliance: Install diffusers, registers, and grilles according to NFPA 90A, 
"Standard for the Installation of Air-conditioning and Ventilating Systems." 

Division 15 Section "Duct Accessories" for fire and smoke dampers and volume- 
control dampers not integral to diffusers, registers, and grilles. 

Division 15 Section "Testing, Adjusting, and Balancing" for balancing diffusers, 
registers, and grilles. 

PART 2 - PRODUCTS 

2. I MANUFACTURED UNITS 
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SECTION 15855 
DIFFUSERS, REGISTERS, AND GRILLES 

A. Diffusers, registers, and grilles are scheduled on Drawings. 

2.2 SOURCE QUALITY CONTROL 

A. Testing: Test performance according to ASHRAE 70, "Method of Testing for Rating 
the Performance of Air Outlets and Inlets." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas where diffusers, registers, and grilles are to be installed for compliance 
with requirements for installation tolerances and other conditions affecting performance 
of equipment. Do not proceed with installation until unsatisfactory conditions have 
been corrected. 

3.2 I NSTALLATI ON 

A. 

B. 

Install diffusers, registers, and grilles level and plumb, according to manufacturer's 
written instructions, Coordination Drawings, original design, and referenced standards. 

Ceiling-Mounted Outlets and Inlets: Drawings indicate general arrangement of ducts, 
fittings, and accessories. Air outlet and inlet locations have been indicated to achieve 
design requirements for air volume, noise criteria, airflow pattern, throw, and pressure 
drop. Make final locations where indicated, as much as practicable. For units installed 
in lay-in ceiling panels, locate units in the center of the panel. Where architectural 
features or other items conflict with installation, notify Architect for a determination of 
final location. 

Install diffusers, registers, and grilles with airtight connection to ducts and to allow 
se rvice-and-ma intenance-of -d am perspai r-extractors ,-and3 re-dam persr-- - 

C. 
- - ___ 

3.3 ADJUSTING 

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as 
directed, before starting air balancing. 

After installation of diffusers, registers, and grilles, inspect exposed finish. Clean 
exposed surfaces to remove burrs, dirt, and smudges. Replace diffusers, registers, 
and grilles that have damaged finishes. 

3.4 CLEANING 

A. 

END OF SECTION 15855 
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1. Part I - General 

Table of Contents 

Part I - General 
1.1 Related Documents 
1.2 Definitions 
1.3 BMS System Description 
1.4 Quality Assurance 
I .5 References 
1.6 Work By Others 
1.7 Submittals 
I .8 Record Documentation 
1.9 Warranty 

Part 2 - Products 
2.1 System Architecture 
2.2 Operator Workstation 
2.3 Operator Interface 
2.4 Application Nodes 
2.5 Application Software 
2.6 Field Devices 
2.7 Specialty Items 

Part 3 - Execution 
3.1 Installation Practices 
3.2 Training 
3.3 Commissioning Requirements 
3.4 Coordination 
3.5 Sequences 
3.6 Point Lists 

1 .I Related Documents 

SECTION 15900 
BUILDING MANAGEMENT SYSTEM 

A. 

B. 

C. 

D. 

All work of this Division shall be coordinated and provided by the single Building 
Management System (BMS) Contractor. 

The work of this Division shall be scheduled, coordinated, and interfaced with the 
associated work of other trades. Reference the Division 15 Sections for details. 

The work of this Division shall be as required by the Specifications, Point 
Schedules and Drawings. 

If the BMS Contractor believes there are conflicts or missing information in the 
project documents, the Contractor shall promptly request clarification and 
instruction from the design team. 

I .2 Definitions 

A. Analog: A continuously variable system or value not having discrete levels. 
Typically exists within a defined range of limiting values. 
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B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

0. 
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SECTION 15900 
BUILDING MANAGEMENT SYSTEM 

Binary: A two-state system where an “ON” condition is represented by one 
discrete signal level and an “OFF condition is represented by a second discrete 
signal level. 

Building Management System (BMS): The total integrated system of fully 
operational and functional elements, including equipment, software, 
programming, and associated materials, to be provided by this Division BMS 
Contractor and to be interfaced to the associated work of other related trades. 

BMS Contractor: The single Contractor to provide the work of this Division. This 
Contractor shall be the primary manufacturer, installer, commissioner and 
ongoing service provider for the BMS work. 

Control Sequence: An BMS pre-programmed arrangement of software 
algorithms, logical computation, target values and limits as required to attain the 
defined operational control objectives. 

Direct Digital Control: The digital algorithms and pre-defined arrangements 
included in the BMS software to provide direct closed-loop control for the 
designated equipment and controlled variables. Inclusive of Proportional, 
Derivative and Integral control algorithms together with target values, limits, 
logical functions, arithmetic functions, constant values, timing considerations and 
the like. 

BMS Network: The total digital on-line real-time interconnected configuration of 
BMS digital processing units, workstations, panels, sub-panels, controllers, 
devices and associated elements individually known as network nodes. May 
exist as one or more fully interfaced and integrated sub-networks, LAN, WAN or 
the like. 

Node: A digitally programmable entity existing on the BMS network. 

BMS Integration: The complete functional and operational interconnection and 
interfacing of all BMS work elements and nodes in compliance with all applicable 
codes, standards and ordinances so as to provide a single coherent BMS as 
required by this Division. 

Provide: The term “Provide” and its derivatives when used in this Division shall 
mean to furnish, install in place, connect, calibrate, test, commission, warrant, 
document and supply the associated required services ready for operation. 

PC: IBM-compatible Personal Computer from a recognized major manufacturer 

Furnish: The term “Furnish” and its derivatives when used in this Division shall 
mean supply at the BMS Contractor’s cost to the designated third party trade 
contractor for installation. BMS Contractor shall connect furnished items to the 
BMS, calibrate, test, commission, warrant and document. 

Wiring: The term “Wiring” and its derivatives when used in this Division shall 
mean provide the BMS wiring and terminations. 

Install: The term “Install” and its derivatives when used in this Division shall mean 
receive at the jobsite and mount. 

Protocol: The term “protocol” and its derivatives when used in this Division shall 
mean a defined set of rules and standards governing the on-line exchange of 
data between BMS network nodes. 

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ - _  ~- ____ ---- -- - 
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SECTION 15900 
BUILDING MANAGEMENT SYSTEM 

P. Software: The term “software” and its derivatives when used in this Division shall 
mean all of programmed digital processor software, preprogrammed firmware 
and project specific digital process programming and database entries and 
definitions as generally understood in the BMS industry for real-time, on-line, 
integrated BMS configurations. 

The use of words in the singular in these Division documents shall not be 
considered as limiting when other indications in these documents denote that 
more than one such item is being referenced. 

Headings, paragraph numbers, titles, shading, bolding, underscores, clouds and 
other symbolic interpretation aids included in the Division documents are for 
general information only and are to assist in the reading and interpretation of 
these Documents. 

The followins abbreviations and acronyms may be used in describing the work of 

Q. 

R. 

S. 
this Division, 
ADC 
AI 
AN 
ANSI 
A 0  
ASCII 

ASHRAE 

AWG 
CPU 
CRT 
DAC 
DDC 
DI 
DO 
EEPROM 

EM1 
FAS 

GUI 
HOA 
ID 
IEEE 
110 
LAN 
LCD 
LED 
MCC 
NC 
NIC 
NO 
ows 
OAT 

Analog to Digital Converter 
Analog Input 
Application Node 
American National Standards Institute 
Analog Output 
American Standard Code for Information 
Interchange 
American Society of Heating, Refrigeration and Air 
Conditioning Engineers 
American Wire Gauge 
Central Processing Unit 
Cathode Ray Tube 
Digital to Analog Converter 
Direct Digital Control 
Digital Input 
Digital Output 
Electronically Erasable Programmable Read Only 
Memory 
Electromagnetic Interference 
Fire Alarm Detection and Annunciation 
System 
Graphical User Interface 
Hand-Off-Auto 
Identification 
Institute of Electrical and Electronics Engineers 
InpuUOutput 
Local Area Network 
Liquid Crystal Display 
Light Emitting Diode 
Motor Control Center 
Normally Closed 
Not In Contract 
Normally Open 
Operator Workstation 
Outdoor Air Temperature 
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SECTION 15900 
BUILDING MANAGEMENT SYSTEM 

PC - 
RAM - 
RF - 
RFI - 
RH - 
ROM - 
R ID  - 
SPDT - 
SPST - 
XVGA - 
TBA - 
TCPlI P - 
TTD - 
UPS - 
VAC - 
VAV - 
VDC - 
WAN - 

1.3 BMS Description 

A. 

B. 

C. 

D. 

E. 

GRW #3612 

Personal Computer 
Random Access Memory 
Radio Frequency 
Radio Frequency Interference 
Relative Humidity 
Read Only Memory 
Resistance Temperature Device 
Single Pole Double Throw 
Single Pole Single Throw 
Extended Video Graphics Adapter 
To Be Advised 
Transmission Control Protocolllnternet 
Protocol 
Thermistor Temperature Device 
Uninterruptible Power Supply 
Volts, Alternating Current 
Variable Air Volume 
Volts, Direct Current 
Wide Area Network 

The Building Management System (BMS) shall be a complete system designed 
for use with the enterprise IT systems. This functionality shall extend into the 
equipment rooms. Devices residing on the automation network located in 
e-quipment-ro-oms-and similar-shall-be fully IT compatible devices-that-mount and - - -- 1 
communicate directly on the IT infrastructure in the facility. Contractor shall be 
responsible for coordination with the owner’s IT staff to ensure that the FMS will 
perform in the owner’s environment without disruption to any of the other 
activities taking place on that LAN. 

All points of user interface shall be on standard PCs that do not require the 
purchase of any special software from the BMS manufacturer for use as a 
building operations terminal. The primary point of interface on these PCs will be a 
standard Web Browser. 

I 
I 

Where necessary and as dictated elsewhere in these Specifications, Servers 
shall be used for the purpose of providing a location for extensive archiving of 
system configuration data, and historical data such as trend data and operator 
transactions. All data stored will be through the use of a standard data base 
platform: Microsoft Data Engine (MSDE) or Microsoft SQL Server as dictated 
elsewhere in this specification. 

The work of the single BMS Contractor shall be as defined individually and 
collectively in all Sections of this Division specifications together with the 
associated Point Sheets and Drawings and the associated interfacing work as 
referenced in the related documents. 

The BMS work shall consist of the provision of all labor, materials, tools, 
equipment, software, software licenses, software configurations and database 
entries, interfaces, wiring, tubing, installation, labeling, engineering, calibration, 
documentation, samples, submittals, testing, commissioning, training services, 

I 
-- I 
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SECTION 15900 
BUILDING MANAGEMENT SYSTEM 

permits and licenses, transportation, shipping, handling, administration, 
supervision, management, insurance, temporary protection, cleaning, cutting and 
patching, warranties, services, and items, even though these may not be 
specifically mentioned in these Division documents which are required for the 
complete, fully functional and commissioned BMS. 

Provide a complete, neat and workmanlike installation. Use only manufacturer 
employees who are skilled, experienced, trained, and familiar with the specific 
equipment, software, standards and configurations to be provided for this Project. 

Manage and coordinate the BMS work in a timely manner in consideration of the 
Project schedules. Coordinate with the associated work of other trades so as to 
not impede or delay the work of associated trades. 

The BMS as provided shall incorporate, at minimum, the following integrated 
features, functions and services: 
1. ' Operator information, alarm management and control functions. 
2. 
3. 

4. 
5. 
6. Energy management 
7. 

F. 

G. 

H. 

Enterprise-level information and control access. 

Information management including monitoring, transmission, archiving, 
retrieval, and reporting functions. 
Diagnostic monitoring and reporting of BMS functions. 
Offsite monitoring and management access. 

Standard applications for terminal HVAC systems. 

1.4 Quality Assurance 

A. General 
1. The Building Management System Contractor shall be the primary 

manufacturer-owned branch office that is regularly engaged in the 
engineering, programming, installation and service of total integrated 
Building Management Systems. 
The BMS Contractor shall be a recognized national manufacturer, installer 
and service provider of BMS. 

The BMS Contractor shall have a branch facility within a 100-mile radius of 
the job site supplying complete maintenance and support services on a 24 
hour, 7-day-a-week basis. 
As evidence and assurance of the contractor's ability to support the 
Owner's system with service and parts, the contractor must have been in 
the BMS business for at least the last ten (1 0) years and have successfully 
completed total projects of at least 10 times the value of this contract in 
each of the preceding five years. 
The Building Management System architecture shall consist of the 
products of a manufacturer regularly engaged in the production of Building 
Management Systems, and shall be the manufacturer's latest standard of 
design at the time of bid. 

2. 

3. 

4. 

5. 

B. Workplace Safety And Hazardous Materials 
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I 
I 

1. 

2. 

Provide a safety program in compliance with the Contract Documents. I 

The FMS Contractor shall have a corporately certified comprehensive 
Safety Certification Manual and a designated Safety Supervisor for the 
Project. 

The Contractor and its employees and subtrades comply with federal, state 
and local safety regulations. 

3. l 
4. The Contractor shall ensure that all subcontractors and employees have 

written safety programs in place that covers their scope of work, and that 
their employees receive the training required by the OSHA have jurisdiction 
for at least each topic listed in the Safety Certification Manual. 

Hazards created by the Contractor or its subcontractors shall be eliminated 
before any further work proceeds. 

Hazards observed but not created by the Contractor or its subcontractors 
shall be reported to either the General Contractor or the Owner within the 
same day. The Contractor shall be required to avoid the hazard area until 
the hazard has been eliminated. 

5. 

6. 

7. The Contractor shall sign and date a safety certification form prior to any 
work being performed, stating that the Contractors’ company is in full 

The Contractor’s safety program shall include written policy and 
arrangements for the handling, storage and management of all hazardous 
materials to be used in the work in compliance with the requirements of the 
AHJ at the Project site. 

The Contractor’s employees and subcontractor’s staff shall have received 
training as applicable in the use of hazardous materials and shall govern 
their actions accordingly. 

C. Quality Management Program 

_ _ _  - -  - - -  -compliance-with the-Project-safety requirements. ~ - ~ - ~ - .  

8. 

9. 

1. Designate a competent and experienced employee to provide BMS Project 
Management. The designated Project Manger shall be empowered to 
make technical, scheduling and related decisions on behalf of the BMS 
Contractor. At minimum, the Project Manager shall: 
a. Manage the scheduling of the work to ensure that adequate 

materials, labor and other resources are available as needed. 
b. Manage the financial aspects of the BMS Contract. 
c. Coordinate as necessary with other trades. 
d. Be responsible for the work and actions of the BMS workforce on 

site. 

I .5 References 
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Low Volt. 1 LINE 

A. All work shall conform to the following Codes and Standards, as applicable: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 
I O .  
11. 
12. 
13. 
14. 

15. 
16. 
17. 
18. 
19. 
20. 
21. 

22. 
23. 
24 

National Fire Protection Association (NFPA) Standards. 
National Electric Code (NEC) and applicable local Electric Code. 
Underwriters Laboratories (UL) listing and labels. 
UL 864 UUKL Smoke Control 
UL 268 Smoke Detectors. 
UL 916 Energy Management 
NFPA 70 - National Electrical Code. 
NFPA 90A - Standard For The Installation Of Air Conditioning And 
Ventilating Systems. 
NFPA 92A and 92B Smoke Purge/Control Equipment. 
Factory Mutual (FM). 
American National Standards Institute (ANSI). 
National Electric Manufacturer’s Association (NEMA). 
American Society of Mechanical Engineers (ASME). 
American Society of Heating, Refrigerating and Air Conditioning Engineers 
(ASHRAE) [user note: add ASHRAE 62 IAQ as applicable]. 
Air Movement and Control Association (AMCA). 
Institute of Electrical and Electronic Engineers (IEEE). 
American Standard Code for Information Interchange (ASCI I ) .  
Electronics Industries Association (EIA). 
Occupational Safety and Health Administration (OSHA). 
American Society for Testing and Materials (ASTM). 
Federal Communications Commission (FCC) including Part 15, Radio 
Frequency Devices. 
Americans Disability Act (ADA) 
ANSVEIA 909.1-A-1999 (LonWorks) 
ANSVASHRAE Standard 195-2004 (BACnet) 

B. 

C.. 

In the case of conflicts or discrepancies, the more stringent regulation shall 

All work shall meet the approval of the Authorities Having Jurisdiction at the 
project site. 

apply. 

1.6 Work By Others 
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wiring 
VAV box nodes 
BMS conduits and raceway 
Automatic dampers 
Manual valves 
Automatic valves 
VAV boxes 
Pipe insertion devices and taps 
including thermowells, flow and 
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WIRINGITUBE POWER 
BMS BMS BMS NIA 

BMS 15 BMS 16 
BMS BMS BMS BMS 
BMS 15 NIA NIA 
15 15 NIA NIA 

BMS 15 BMS NIA 
BMS 15 NIA NIA 
BMS 15 BMS BMS 

pressure stations. 
BMS Current Switches. 
BMS Control Relays 
Power distribution system monitoring 

BMS BMS BMS NIA 
BMS BMS BMS NIA 
16 16 BMS 16 

interfaces 
Control air compressors 
Concrete andlor inertia equipment 
pads and seismic bracing 
BMS interface with Chiller controls 
Chiller controls interface with BMS 
BMS interface with Classroom unit 

BMS BMS NIA 16 
15 15 NIA NIA 

BMS BMS BMS BMS 
15 15 BMS 16 

BMS BMS BMS 16 
controls 
Classroom unit controls interface with 
BMS - _ _  
ADD OTHER THIRD PARTY 
EQUIPMENT HERE 
All BMS Nodes, equipment, housings, 

15 15 BMS 16 

NIA NIA NIA NIA 

BMS BMS BMS BMS 

- - 

enclosures and panels. 
Smoke Detectors 
Firelsmoke Dampers 
Fire Dampers 
Chiller Flow Switches 
Boiler wiring 
Water treatment system 
VFDs 
Refrigerant monitors 
Computer Room N C  Unit field- 

- 

15900-8 

16 16 16 16 
15 15 BMS 16 
15 15 NIA NIA 
15 15 BMS NIA 
15 15 15 15 
15 15 15 16 

BMS 16 BMS 16 
15 BMS BMS 16 
15" 15 BMS 16 

I 
I 
I 
I 
I 
I 
I 
I 
I 

-1 
I 
1 .  
I 
I 
I 
I 
I 
-I 

mounted controls 
Fire Alarm shutdown relay interlock 
wiring 
Fire Alarm smoke control relay 

GRW #3612 

16 16 16 16 

16 16 BMS 16 
interlock wiring 
Fireman's Smoke Control Override 
Panel 
Fan Coil Unit controls 
Unit Heater controls 
Packaged RTU space mounted 

16 16 16 16 

BMS BMS BMS 16 
BMS BMS BMS 16 

16 15* BMS BMS 



.- 

Packaged RTU factory-mounted 15* 
controls 
Packaged RTU field-mounted controls BMS 
Coolina Tower Vibration Switches 15 
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15 16 16 
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" 
Cooling Tower Level Control Devices 
Cooling Tower makeup water control 
devices 
Pool Dehumidification Unit Controls 
Starters, HOA switches 
Control damper actuators 

15 15 16 16 
15 15 16 16 

15* 15 BMS 16 
16 16 NIA 16 

BMS BMS - BMS 16 

1.7 Submittals 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

A. Shop Drawings, Product Data, and Samples 
The BMS contractor shall submit a list of all shop drawings with submittals 
dates within 30 days of contract award. 
Submittals shall be in defined packages. Each package shall be complete 
and shall only reference itself and previously submitted packages. The 
packages shall be as approved by the Architect and Engineer for Contract 
compliance. 
Allow 15 working days for the review of each package by the Architect and 
Engineer in the scheduling of the total BMS work. 
Equipment and systems requiring approval of local authorities must comply 
with such regulations and be approved. Filing shall be at the expense of 
the BMS Contractor where filing is necessary. Provide a copy of all related 
correspondence and permits to the Owner. 
Prepare an index of all submittals and shop drawings for the installation. 
Index shall include a shop drawing identification number, Contract 
Documents reference and item description. 
The BMS Contractor shall correct any errors or omissions noted in the first 
review. 

At a minimum, submit the following: 
a. 

b. 
c. 

BMS network architecture diagrams including all nodes and 
interconnections. 
Systems schematics, sequences and flow diagrams. 
Points schedule for each point in the BMS, including: Point Type, 
Object Name, Expanded ID, Display Units, Controller type, and 
Address. 
Samples of Graphic Display screen types and associated menus. 
Detailed Bill of Material list for each system or application, identifying 
quantities, part numbers, descriptions, and optional features. 
Control Damper Schedule including a separate line for each damper 
provided under this section and a column for each of the damper 
attributes, including: Code Number,. Fail Position, Damper Type, 
Damper Operator, Duct Size, Damper Size, Mounting, and Actuator 
Type. 

d. 
e. 

f. 

! 
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e Control Valve Schedules including a separate line for each valve 
provided under this section and a column for each of the valve 
attributes: Code Number, Configuration, Fail Position, Pipe Size, 
Valve Size, Body Configuration, Close off Pressure, Capacity, Valve 
CV, Design Pressure, and Actuator Type. 
Room Schedule including a separate line for each VAV box andlor 
terminal unit indicating location and address 
Details of all BMS interfaces and connections to the work of other 
trades. 
Product data sheets or marked catalog pages including part number, 
photo and description for all products including software. 

k, 

i. 

j. 

1.8 Record Documentation 

A. Operation and Maintenance Manuals 
I. Three (3) copies of the Operation and Maintenance Manuals shall be 

provided to the Owner's Representative upon completion of the project. 
The entire Operation and Maintenance Manual shall be furnished on 
Compact Disc media, and include the following for the BMS provided: 
a. Table of contents. 
b. As-built system record drawings. Computer Aided Drawings (CAD) 

record drawings shall represent the as-built condition of the system 
and incorporate all information supplied with the approved submittal. 
Manufacturers product data sheets or catalog pages for all products c. 

d. System Operator's manuals. 
e. Archive copy of all site-specific databases and sequences. 
f. BMS network diagrams. 
g. Interfaces to all third-party products and work by other trades. 
The Operation and Maintenance Manual CD shall be self-contained, and 
include all necessary software required to access the product data sheets. 
A logically organized table of contents shall provide dynamic links to view 
and print all product data sheets. Viewer software shall provide the ability 
to display, zoom, and search all documents. 

___ __ ____ - - -- -- __ -. - _ including sohare.-------- - - - - - __ - - 

2. 

B. On-Line documentation: After completion of all tests and adjustments the 
contractor shall provide a copy of all as-built information and product data to be 
installed on a customer designated computer workstation or server 

1.9 Warranty 

A. Standard Material and Labor Warranty: 
1. 
2. 

Provide a one-year labor and material warranty on the BMS. 
If within twelve (12) months from the date of acceptance of product, upon 
written notice from the owner, it is found to be defective in operation, 
workmanship or materials, it shall be replaced, repaired or adjusted at the 
option of the BMS Contractor at the cost of the BMS Contractor. 
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3. Maintain an adequate supply of materials within 100 miles of the Project 
site such that replacement of key parts and labor support, including 
programming. Warranty work shall be done during BMS Contractor's 
normal business hours. 

2. Part 2 - Products 

2.1 General Description 

A. The Building Management System (BMS) shall use an open architecture and 
fully support a multi-vendor environment. To accomplish this effectively, the 
BMS shall support open communication protocol standards and integrate a wide 
variety of third-party devices and applications. The system shall be designed for 
use on the Internet, or intranets using off the shelf, industry standard technology 
compatible with other owner provided networks. 

B. The Building Management System shall consist of the following: 
1. Standalone Network Automation Engine(s) 
2. Field Equipment Controller(s) 
3. InpuVOutput Module(s) 
4. Local Display Device(s) 
5. Portable Operator's Terminal(s) 
6. Distributed User Interface(s) 
7. 
7. 

Network processing, data storage and communications equipment 
Other components required for a complete and working BMS 

2.2 

C. The system shall be modular in nature, and shall permit expansion of both 
capacity and functionality through the addition of sensors, actuators, controllers 
and operator devices, while re-using existing controls equipment. 

System architectural design shall eliminate dependence upon any single device 
for alarm reporting and control execution. The failure of any single component or 
network connection shall not interrupt the execution of control strategies at other 
operational devices. 

E. Acceptable Manufacturers 

D. 

I) Honeywell, Enterprise Building Integrator (EBI) 
2) Siemens Building Systems, APOGEE 
3) Johnson Controls, Metasys 

BMS Architecture 

A. Automation Network 
1. The automation network shall be based on a PC industry standard of 

Ethernet TCP/IP. Where used, LAN controller cards shall be standard "off 
the shelf" products available through normal PC vendor channels. 
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2. The BMS shall network multiple user interface clients, automation engines, 
system controllers and application-specific controllers. Provide application 
and data server(s) as required for systems operation. 

3. 

4. 

5. 

The automation network shall be capable of operating at a communication 
speed of 100 Mbps, with full peer-to-peer network communication. 
Network Automation Engines (NAE) shall reside on the automation 
network. 
The automation network will be compatible with other enterprise-wide 
networks. Where indicated, the automation network shall be connected to 
the enterprise network and share resources with it by way of standard 
networking devices and practices. 

B. Control Network 
1. 

2. 

Network Automation Engines shall provide supervisory control over the 
control network and shall support all three (3) of the following 
communication protocols: 
a. 

Control networks shall provide either “Peer-to-Peer,” Master-Slave, or 
Supervised Token Passing communications, and shall operate at a 
minimum communication speed of 9600 baud. 

BACnet Standard MS/TP Bus Protocol ASH RAE SSPC-135, Clause 
9. 

3. 
4. 

5. 

DDC Controllers shall reside on the control network. 
Control net\lirork C o m m u n ~ ~ o ~ p ~ o c ~ s h ~ l l - b ~  BACnd-Standard M S T  
Bus- Protocol ASHRAE SSPC-135. 
A BACnet Protocol Implementation Conformance Statement shall be 
provided for each controller device (master or slave) that will communicate 
on the BACnet MS/TP Bus. 
The Conformance Statements shall be submitted 10 day prior to bidding. 

‘ 

6. 

C. Integration 
1. Hardwired 

a. 

b. 

Analog and digital signal values shall be passed from one system to 
another via hardwired connections. 
There will be one separate physical point on each system for each 
point to be integrated between the systems. 

The BMS system shall include appropriate hardware equipment and 
software to allow bi-directional data communications between the 
BMS system and 3rd party manufacturers’ control panels. The BMS 
shall receive, react to, and return information from multiple building 
systems, including but not limited to the chillers, boilers, variable 
frequency drives, power monitoring system, and medical gas. 
All data required by the application shall be mapped into the 
Automation Engine’s database, and shall be transparent to the 
operator. 

2. Direct Protocol (Integrator Panel) 
a. 

b. 
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I 

c. Point inputs and outputs from the third-party controllers shall have 
real-time interoperability with BMS software features such as: Control 
Software, Energy Management, Custom Process Programming, 
Alarm Management, Historical Data and Trend Analysis, Totalization, 
and Local Area Network Communications. 

The neutral protocol used between systems will be BACnet over 
Ethernet and comply with the ASHRAE BACnet standard 135-2003. 
A complete Protocol Implementation Conformance Statement (PICS) 
shall be provided for all BACnet system devices. 
The ability to command, share point object data, change of state 
(COS) data and schedules between the host and BACnet systems 
shall be provided. 

3. BACnet Protocol Integration - BACnet 
a. 

b. 

c. 

2.3 User Interface 

A. Dedicated Web Based User Interface 
I. Where indicated on plans the BMS Contractor shall provide and install a 

personal computer for command entry, information management, network 
alarm management, and database management functions. All real-time 
control functions, including scheduling, history collection and alarming, 
shall be resident in the BMS Network Automation Engines to facilitate 
greater fault tolerance and reliability. 
Dedicated User Interface Architecture - The architecture of the computer 
shall be implemented to conform to industry standards, so that it can 
accommodate applications provided by the BMS Contractor and by other 
third party applications suppliers, including but not limited to Microsoft 
Office Applications. Specifically it must be implemented to conform to the 
following interface standards. 
a. 
b. 

2. 

Microsoft Internet Explorer for user interface functions 
Microsoft Office Professional for creation, modification and 
maintenance of reports, sequences other necessary building 
management functions 
Microsoft Outlook or other e-mail program for supplemental alarm 
functionality and communication of system events, and reports 
Required network operating system for exchange of data and 
network functions such as printing of reports, trends and specific 
system summaries. 

Memory - I GB (512 MB Minimum) 
CPU- Pentium 4 processor. 2.8 Hz Clock Speed (2.0 GHz minimum) 
Hard Drive - 80 GB free hard drive space (40GB minimum) 
Hard drive backup system - CD/RW, DVD/RW or network backup 
software provided by IT department 
CD ROM Drive - 32X performance 
Ports - (2) Serial and ( I )  parallel, (2) USB ports 
Keyboard - 101 Keyboard and 2 Button Mouse 
CRT configuration - 1-2 CRTs as follows: 

c. 

d. 

3. PC Hardware - The personal computer(s) shall be configured as follows: 
a. 
b. 
c. 
d. 

e. 
f. 
g. 
h. 
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0 

0 
0 
LAN communications - Ethernet communications board; 3Comm or 
equal. 

Windows 2000 Professional or Windows XP Professional 
Where user interface is not provided via browser, provide complete 
operator workstation software package, including any hardware or 
software keys. Include the original installation disks and licenses for 
all included software, device drivers, and peripherals. 
Provide software registration cards to the Owner for all included 
software. 

5. Peripheral Hardware 
a. Reports printer: 

Each Display - 17” Flat Panel Monitor 1280 x 1024 resolution 
minimum. 
16 bit or higher color resolution 
Display card with multiple monitor support 

i. 

4. Operating System Software 
a. 
b. 

c. 

0 
0 
0 
0 

Printer Make - Hewlett Packard DeskJet 
Print Speed - 600 DPI Black, 300 DPI Color 
Buffer - 64 K Input Print Buffer 
Color Printing - Include Color Kit 

B. Distributed Web Based User Interface 
1. All features and functions of the dedicated user interface previously defined 

in this document shall-be available on any computer connected -diFctlyTrF 
via a wide area or virtual private network (WANNPN) to the automation 
network and conforming to the following specifications. 
The software shall run on the Microsoft Internet Explorer (6.0 or higher) 
browser. 

__ ..__ .-___ -_._ - - - ~ _ _ _ _ _ _ - - -  

2. 

3. Minimum hardware requirements: 
0 256MBRAM 
0 
0 40.0 GB Hard Drive. 
0 
0 

0 

2.0 GHz Clock Speed Pentium 4 Microprocessor. 

1 Keyboard with 83 keys (minimum). 
SVGA 1024x768 resolution display with 64K colors and 16 bit 
color depth. 
Mouse or other pointing device 

C. User Interface Application Components 
I. Operator Interface 

a. 

b. 

An integrated browser based client application shall be used as the 
user operator interface program. 
All Inputs, Outputs, Setpoints, and all other parameters as defined 
within Part 3, shown on the design drawings, or required as part of 
the system software, shall be displayed for operator viewing and 
modification from the operator interface software. 
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c. 

d. 

The user interface software shall provide help menus and instructions 
for each operation and/or application. 
All controller software operating parameters shall be displayed for the 
operator to view/modify from the user interface. These include: 
setpoints, alarm limits, time delays, PID tuning constants, run-times, 
point statistics, schedules, and so forth. 
The Operator Interface shall incorporate comprehensive support for 
functions including, but not necessarily limited to, the following: 

e. 

2. 

3. 

User access for selective information retrieval and control 
command execution 
Monitoring and reporting 
Alarm, non-normal, and return to normal condition annunciation 
Selective operator override and other control actions 
Information archiving, manipulation, formatting, display and 
reporting 
FMS internal performance supervision and diagnostics 
On-line access to user HELP menus 
On-line access to current FMS as-built records and 
documentation 
Means for the controlled re-programming, re-configuration of 
FMS operation and for the manipulation of FMS database 
information in compliance with the prevailing codes, approvals 
and regulations for individual FMS applications. 

f. The operation of the control system shall be independent of the user 
interface, which shall be used for operator communications only. 
Systems that rely on an operator workstation to provide supervisory 
control over controller execution of the sequences of operations or 
system communications shall not be acceptable. 

The system will have the capability to display multiple navigation 
trees that will aid the operator in navigating throughout all systems 
and points connected. At minimum provide a tree that identifies all 
systems on the networks. 
Provide the ability for the operator to add custom trees. The operator 
will be able to define any logical grouping of systems or points and 
arrange them on the tree in any order. It shall be possible to nest 
groups within other groups. Provide at minimum 5 levels of nesting. 
The navigation trees shall be “dockable” to other displays in the user 
interface such as graphics. This means that the trees will appear as 
part of the display, but can be detached and then minimized to the 
Windows task bar or closed altogether. A simple keystroke will 
reattach the navigation to the primary display of the user interface. 

Alarms shall be routed directly from Network Automation Engines to 
PCs and servers. It shall be possible for specific alarms from specific 
points to be routed to specific PCs and servers. The alarm 
management portion of the user interface shall, at the minimum, 
provide the following functions: 
0 

Navigation Trees 
a. 

b. 

c. 

Alarms 
a. 

Log date and time of alarm occurrence. 
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Generate a “Pop-Up” window, with audible alarm, informing a 
user that an alarm has been received. 
Allow a user, with the appropriate security level, to 
acknowledge, temporarily silence, or discard an alarm. 
Provide an audit trail on hard drive for alarms by recording user 
acknowledgment, deletion, or disabling of an alarm. The audit 
trail shall include the name of the user, the alarm, the action 
taken on the alarm, and a time/date stamp. 
Provide the ability to direct alarms to an e-mail address or 
alphanumeric pager. This must be provided in addition to the 
pop up window described above. Systems that use e-mail and 
pagers as the exclusive means of annunciating alarms are not 
acceptable. 
Any attribute of any object in the system may be designated to 
report an alarm. 

b. 

c. 

The FMS shall annunciate diagnostic alarms indicating system 
failures and non-normal operating conditions 
The FMS shall annunciate application alarms at minimum, as 
required by Part 3. 

4. Reports and Summaries 
Reports and Summaries shall be generated and directed to the user 
interface displays, with subsequent assignment to printers, or disk. 
As a minimum, the system shall provide the following reports: 
0 

0 
0 
0 
0 All points locked out 
0 All BMS schedules 
0 All user defined and adjustable variables, schedules, interlocks 

and the like. 
Summaries and Reports shall be accessible via standard UI functions 
and not dependent upon custom programming or user defined HTML 
pages. 
Selection of a single menu item, tool bar item, or tool bar button shall 
print any displayed report or summary on the system printer for use 
as a building management and diagnostics tool. 
The system shall allow for the creation of custom reports and queries 
via a standard web services XML interface and commercial off-the- 
shelf software such as Microsoft Access, Microsoft Excel, or Crystal 
Reports. 

A graphical display for time-of-day scheduling and override 
scheduling of building operations shall be provided. At a minimum, 
the following functions shall be provided: 
0 Weekly schedules 
0 Exception Schedules 

a. 

All points in the BMS 

All points in a specific controller 
All points in a user-defined group of points 
All points currently in alarm 

___ _ _ _  . ___- 0---All-points-in-each-BMS-application - - _ _  - _ -  

b. 

c. 

d. 

5. Schedules 
a. 
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0 Monthly calendars. 
Weekly schedules shall be provided for each group of equipment with 
a specific time use schedule. 
It shall be possible to define one or more exception schedules for 
each schedule including references to calendars 
Monthly calendars shall be provided that allow for simplified 
scheduling of holidays and special days for a minimum of five years 
in advance. Holidays and special days shall be user-selected with the 
pointing device or keyboard, and shall automatically reschedule 
equipment operation as previously defined on the exception 
schedules. 
Changes to schedules made from the User Interface shall directly 
modify the Network Automation Engine schedule database. 
Schedules and Calendars shall comply with ASHRAE SP135l2003 
BACnet Standard. 
Selection of a single menu item or tool bar button shall print any 
displayed schedule on the system printer for use as a building 
management and diagnostics tool. 

b. 

c. 

d. 

e. 

f. 

g. 

6. Password 
a. 

b. 

C. 

d. 

e. 

f. 
9. 

h. 

Multiple-level password access protection shall be provided to allow 
the userlmanager to user interface control, display, and database 
manipulation capabilities deemed appropriate for each user, based 
on an assigned password. 
Each user shall have the following: a user name (24 characters 
minimum), a password (12 characters minimum), and access levels. 
The system shall allow each user to change his or her password at 
will. 
When entering or editing passwords, the system shall not echo the 
actual characters for display on the monitor. 
A minimum of five levels of access shall be supported individually or 
in any combination as follows: 
0 Level 1 = View Data 
0 Level 2 = Command 
0 Level 3 = Operator Overrides 
0 Level 4 = Database Modification 
0 Level 5 = Database Configuration 
0 Level 6 = All privileges, including Password AddlModify 
A minimum of 100 unique passwords shall be supported. 
Operators shall be able to perform only those commands available 
for their respective passwords. Display of menu selections shall be 
limited to only those items defined for the access level of the 
password used to log-on. 
The system shall automatically generate a report of log-onllog-off and 
system activity for each user. Any action that results in a change in 
the operation or configuration of the control system shall be recorded, 
including: modification of point values, schedules or history collection 
parameters, and all changes to the alarm management system, 
including the acknowledgment and deletion of alarms. 
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7. Screen Manager - The User Interface shall be provided with screen I 

I 
management capabilities that allow the user to activate, close, and 
simultaneously manipulate a minimum of 4 active display windows plus a 
network or user defined navigation tree. 

a. 
8. Dynamic Color Graphics 

The graphics application program shall be supplied as an integral 
part of the User Interface. Browser or Workstation applications that 
rely only upon HTML pages shall not be acceptable. 
The graphics applications shall include a create/edit function and a 
runtime function. The system architecture shall support an unlimited 
number of graphics documents (graphic definition files) to be 
generated and executed. 
The graphics shall be able to display and provide animation based on I 
real-time data that is acquired, derived, or entered. 
Graphics runtime functions - A maximum of 16 graphic applications 
shall be able to execute at any one time on a user interface or I 
workstation with 4 visible to the user. Each graphic application shall 
be capable of the following functions: 
0 All graphics shall be fully scalable I 
0 
0 
0 I 
0 

I 
1 b. 

c. 

The graphics shall support a maintained aspect ratio. 
Multiple fonts shall be supported. 
Unique background shall be assignable on a per graphic basis. 
The color of all animations and values on displays shall indicate 
if the status of the object attribute. 

d;---- Operation-fromgraphics =ltshaIl-b-e-p-ossible-to change v a l u e r  -I 
I 

- - 

(setpoints) and states in system controlled equipment by using drop- 
down windows accessible via the pointing device 
Graphic editing tool - A graphic editing tool shall be provided that 
allows for the creation and editing of graphic files. The graphic editor 
shall be capable of performing/defining all animations, and defining 
all runtime binding. I 

e. 

f. 

I 
0 The graphic editing tool shall in general provide for the creation 

and positioning of point objects by dragging from tool bars or 
drop-downs and positioning where required. 
In addition, the graphic editing tool shall be able to add 
additional content to any graphic by importing backgrounds in 
the SVG, BMP or JPG file formats. 

Aliasing - Many graphic displays representing part of a building and 
various building components are exact duplicates, with the exception 
that the various variables are bound to different field values. 
Consequently, it shall be possible to bind the value of a graphic 
display to aliases, as opposed to the physical field tags. 

0 I 
I 
I 

9. Historical trending and data collection 
a. Each Automation Engine shall store trend and point history data for 

all analog and digital inputs and outputs, as follows: 
0 Any point, physical or calculated, may be designated for 

trending. Three methods of collection shall be allowed: 

1 
I 

Defined time interval 
- Upon _ _  a change of value - -  

GRW #3612 15900-1 8 I 
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0 Each Automation Engine shall have the capability to store 
multiple samples for each physical point and software variable 
based upon available memory, including an individual sample 
time/date stamp. Points may be assigned to multiple history 
trends with different collection parameters. 

D. 

b. Trend and change of value data shall be stored within the engine and 
uploaded to a dedicated trend database or exported in a selectable 
data format via a provided data export utility. Uploads to a dedicated 
database shall occur based upon one of the following: user-defined 
interval, manual command, or when the trend buffers are full. Exports 
shall be as requested by the user or on a time scheduled basis. 
The system shall provide a configurable data storage subsystem for 
the collection of historical data. Data can be stored in either Microsoft 
Access or SQL database format. 

Provide a trend viewing utility that shall have access to all database 
points. 
It shall be possible to retrieve any historical database point for use in 
displays and reports by specifying the point name and associated 
trend name. 
The trend viewing utility shall have the capability to define trend study 
displays to include multiple trends 
Displays shall be able to be single or stacked graphs with on-line 
selectable display characteristics, such as ranging, color, and plot 

Display magnitude and units shall both be selectable by the operator 
at any time without reconfiguring the processing or collection of data. 
This is a zoom capability. 
Display magnitude shall automatically be scaled to show full graphic 
resolution of the data being displayed. 
Trend studies shall be capable of calculating and displaying 
calculated variables including highest value, lowest value and time 
based accumulation. 

c. 

I O .  Trend data viewing and analysis 
a. 

b. 

c. 

d. 

.. style. 
e. 

f. 

g. 

1. 
Portable Operator Terminal 

For systems that do not provide full access to systems configuration and 
definition via the Browser Based user interface the BMS Contractor shall 
provide a portable operator terminal for programming purposes. The 
terminal shall be configured as follows: 
a. Personal Laptop Computer Manufacturer - Deli, Compaq or HP 
b. I GB RAM (256 MB minimum) -Windows 2000 or XP Professional. 
c. 1.8 GHz Clock Speed Pentium 4 Microprocessor (800 MHz 

mini mum). 
d. 40 GB Hard Drive. (40 GB minimum) 
e. (I) CD-ROM Drive, 32x speed. . 
f. (1 ) Serial (I ) Parallel (2) USB ports 
g. 1 Keyboard with 83 keys (minimum). 

I 
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k. 

I. 
m. 

n. 

i. 

0. 

P* 
g. 
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I 
I 

Integral 2 button Track Point or Track Ball. I 
I O ”  SVGA 1024x768 resolution color display 
Two PCMCIA Type I1 or one Type Ill card slot. 
Complete operator workstation software package, including any I 
hardware or software. 
Original printed manuals for all software and peripherals. 
Original installation disks or CD for all software, device drivers, and I 
peripherals. 
Software registration cards for all included software shall be provided 
to the Owner. I 
Carrying case. 
Spare battery. 
External power supply/battery charger. I 

2. Proprietary Portable Terminal 
a. Manufacturers providing proprietary portable terminals shall submit 

technical data sheets for the terminal and all associated software and 
hardware. 
The proprietary terminal shall meet the same operator interface 
software requirements as specified above. 

Portable operator terminals shall support all controllers within the 
system on a direct-connect communications basis. 
When used to access First or Second Tier controllers, the portable 
operator terminal-shall-utilize-the-standard-operator-workstation - - --- --- 

software, as previously defined. 
When used to access Application Specific Controllers, the portable 
operator terminal shall utilize either the standard operator workstation 
software, as previously defined, or controller-specific utility software. 

I 

I 
-- I 

b. 

3. Software 
a. 

b. 

I 

___- 

c. 

I 
2.4 Network Automation Engines (NAE) 

A. Network Automation Engine (NAE 35XX) 
I. 

. 2. 

3. 

GRW #3612 

The Network Automation Engine (NAE) shall be a fully user-programmable, 
supervisory controller. The NAE shall monitor the network of distributed 
application-specific controllers, provide global strategy and direction, and 
communicate on a peer-to-peer basis with other Network Automation 
Engines. 
Automation network - The NAE shall reside on the automation network and 
shall support a subnet of system controllers. 
User Interface - Each NAE shall have the ability to deliver a web based 
User Interface (UI) as previously described. All computers connected 
physically or virtually to the automation network shall have access to the 
web based UI. I 
a. 

I 
I 
I 

l 
I 

The web based UI software shall be imbedded in the NAE. Systems 
that require a local copy of the system database on the user’s 
personal computer are not acceptable. 
The NAE shall support a minimum of two (2) concurrent users. b. 

._ 
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4. 

5. 

6. 

7. 

C. 

d. 

e. 

f. 

9. 

h. 

i. 

j. 

The web based user shall have the capability to access all system 
data through one NAE. 
Remote users connected to the network through an Internet Service 
Provider (ISP) or telephone dial up shall also have total system 
access through one NAE. 
Systems that require the user to address more than one NAE to 
access all system information are not acceptable. 
The NAE shall have the capability of generating web based UI 
graphics. The graphics capability shall be imbedded in the NAE. 
Systems that support UI Graphics from a central database or require 
the graphics to reside on the user’s personal computer are not 
acceptable. 
The web based UI shall support the following functions using a 
standard version of Microsoft Internet Explorer: 
0 Configuration 
0 Commissioning 
0 Data Archiving 
0 Monitoring 
0 Commanding 
0 System Diagnostics 
Systems that require workstation software or modified web browsers 
are not acceptable. 
The NAE shall allow temporary use of portable devices without 
interrupting the normal operation of permanently connected modems. 

Processor - The NAE shall be microprocessor-based with a minimum word 
size of 32 bits. The NAE shall be a multi-tasking, multi-user, and real-time 
digital control processor. Standard operating systems shall be employed. 
NAE size and capability shall be sufficient to fully meet the requirements of 
this Specification. 
Memory - Each NAE shall have sufficient memory to support its own 
operating system, databases, and control programs, and to provide 
supervisory control for all control level devices. 
Hardware Real Time Clock - The NAE shall include an integrated, 
hardware-Based, real-time clock. 
The NAE shall include troubleshooting LED indicators to identify the 
following conditions: 
a. Power - On/Off 
b. 
c. 
d. 
e. 
f. 

g. 
h. Fault - General Fault 
i. 
j. 

Ethernet Traffic - Ethernet Traffic/No Ethernet Traffic 
Ethernet Connection Speed - 10 Mbpsll00 Mbps 
FC Bus - Normal Communications/No Field Communications 
Peer Communication - Data Traffic Between NAE Devices 
Run - NAE RunninglNAE In Startup/NAE Shutting Down/Software 
Not Running 
Bat Fault - Battery Defective, Data Protection Battery Not Installed 

Modem RX - NAE Modem Receiving Data 
Modem TX - NAE Modem Transmitting Data 
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8. Communications Ports - The NAE shall provide the following ports for 
operation of operator Inpuffoutput (VO) devices, such as industry-standard 
computers, modems, and portable operator’s terminals. 
a. USBport 
b. 

d. Ethernet port 

URS-232 serial data communication port 
C. RS-485port 

9. Diagnostics - The NAE shall continuously pellform self-diagnostics, 
communication diagnosis, and diagnosis of all panel components. The 
Network Automation Engine shall provide both local and remote 
annunciation of any detected component failures, low battery conditions, or 
repeated failures to establish communication. 
Power Failure - In the event of the loss of normal power, The NAE shall 
continue to operate for a user adjustable period of up to 10 minutes after 
which there shall be an orderly shutdown of all programs to prevent the 
loss of database or operating system software. 
a. 

10. 

During a loss of normal power, the control sequences shall go to the 
normal system shutdown conditions. All critical configuration data 
shall be saved into Flash memory. 
Upon restoration of normal power and after a minimum off-time 
delay, the controller shall automatically resume full operation without 
manual intervention through a normal soft-start sequence. 

b. 

-_______- ____-- 1-1~-6ertification---~he-NAE-shaII-be-listed-by-Underwriters-ta boratories-( W ~ ) F  

B. 

GRW #3612 

12. Conb-oller network - The NAE shall support the following communication 
protocols on the controller network: 
a. The NAE shall support BACnet Standard MSlTP Bus Protocol 

ASHRAE SSPC-135, Clause 9 on the controller network. 
0 A BACnet Protocol Implementation Conformance Statement 

shall be provided for each controller device (master or slave) 
that will communicate on the BACnet MS/TP Bus. 
The Conformance Statements shall be submitted 10 day prior 
to bidding. 
The NAE shall support a minimum of 50 control devices. 
The Bus shall employ a master/slave protocol where the NAE 
is the master. 
The Bus shall employ a four (4) level priority system for polling 
frequency. 
The Bus shall be optically isolated from the NAE. 
The Bus shall support the Metasys Integrator System. 

0 

0 
0 

0 

0 
0 

Network Automation Engine (NAE 45XX) 

1. The Network Automation Engine (NAE) shall be a fully user-programmable, 
supervisory controller. The NAE shall monitor the network of distributed 
application-specific controllers, provide global strategy and direction, and 

- 

I 
I 
I 
I 
I 
I 
I 
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communicate on a peer-to-peer basis with other Network Automation 
Engines. 
Automation network - The NAE shall reside on the automation network and 
shall support a subnet of system controllers. 
User Interface - Each NAE shall have the ability to deliver a web based 
User Interface (UI) as previously described. All computers connected 
physically or virtually to the automation network shall have access to the 
web based Ul. 

2. 

3. 

a. 

b. 
C. 

d. 

e. 

f. 

9. 

h. 

i. 

j- 

The web based UI software shall be imbedded in the NAE. Systems 
that require a local copy of the system database on the user’s 
personal computer are not acceptable. 
The NAE shall support a minimum of two (2) concurrent users. 
The web based user shall have the capability to access all system 
data through one NAE. 
Remote users connected to the network through an Internet Service 
Provider (ISP) or telephone dial up shall also have total system 
access through one NAE. 
Systems that require the user to address more than one NAE to 
access all system information are not acceptable. 
The NAE shall have the capability of generating web based UI 
graphics. The graphics capability shall be imbedded in the NAE. 
Systems that support UI Graphics from a central database or require 
the graphics to reside on the user’s personal computer are not 
acceptable. 
The web based UI shall support the following functions using a 
standard version of Microsoft Internet Explorer: 
0 Configuration 
0 Commissioning 
0 Data Archiving 
0 Monitoring 
0 Commanding 
0 System Diagnostics 
Systems that require workstation software or modified web browsers 
are not acceptable. 
The NAE shall allow temporary use of portable devices without 
interrupting the normal operation of permanently connected modems. 

4. Processor - The NAE shall be microprocessor-based with a minimum word 
size of 32 bits. The NAE shall be a multi-tasking, multi-user, and real-time 
digital control processor. Standard operating systems shall be employed. 
NAE size and capability shall be sufficient to fully meet the requirements of 
this Specification. 
Memory - Each NAE shall have sufficient memory to support its own 
operating system, databases, and control programs, and to provide 
supervisory control for all control level devices. 
Hardware Real Time Clock - The NAE shall include an integrated, 
hardware-Based, real-time clock. 

5. 

6. 
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12. 
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The NAE shall include troubleshooting LED indicators to identify the 
following conditions: 
a. Power - On/Off 
b. 
c. 
d. 
e. 
f. 

g. 
h. Fault - General Fault 
i. 
j. 
Communications Ports - The NAE shall provide the following ports for 
operation of operator Inputloutput (VO) devices, such as industry-standard 
computers, modems, and portable operator’s terminals. 
a. USBport 
b. 
c. RS-485port 
d. Ethernet port 

Ethernet Traffic - Ethernet TrafficlNo Ethernet Traffic 
Ethernet Connection Speed - 10 Mbps/l00 Mbps 
FC Bus - Normal Communications/No Field Communications 
Peer Communication - Data Traffic Between NAE Devices 
Run - NAE RunninglNAE In StartuplNAE Shutting Down/Software 
Not Running 
Bat Fault - Battery Defective, Data Protection Battery Not Installed 

Modem Rx - NAE Modem Receiving Data 
Modem TX - NAE Modem Transmitting Data 

URS-232 serial data communication port 

Diagnostics - The NAE shall continuously perform self-diagnostics, 
communication diagnosis, and diagnosis of all panel components. The 
NetWorli AutomXtiTn EngineTIiallprovide both local and remote 
annunciation of any detected component failures, low battery conditions, or 
repeated failures to establish communication. 
Power Failure - In the event of the loss of normal power, The NAE shall 
continue to operate for a user adjustable period of up to I O  minutes after 
which there shall be an orderly shutdown of all programs to prevent the 
loss of database or operating system software. 
a. 

_ _ _ _ _ _ _ ~ ~  - 

During a loss of normal power, the control sequences shall go to the 
normal system shutdown conditions. All critical configuration data 
shall be saved into Flash memory. 
Upon restoration of normal power and after a minimum off-time 
delay, the controller shall automatically resume full operation without 
manual intervention through a normal soft-start sequence. 

Certification - The NAE shall be listed by Underwriters Laboratories (UL). 
Controller network - The NAE shall support all three (3) the following 
communication protocols on the controller network: 
a. 

b. 

The NAE shall support BACnet Standard MS/TP Bus Protocol 
ASH RAE SSPC-I 35, Clause 9 on the controller network. 
0 A BACnet Protocol Implementation Conformance Statement 

shall be provided for each controller device (master or slave) 
that will communicate on the BACnet MS/TP Bus. 
The Conformance Statements shall be submitted 10 day prior 
to bidding. 

0 

15900-24 
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0 The NAE shall support a minimum of 100 control devices. 
C. Network Automation Engine (NAE 55XX) 

1. The Network Automation Engine (NAE) shall be a fully user-programmable, 
supervisory controller. The NAE shall monitor the network of distributed 
application-specific controllers, provide global strategy and direction, and 
communicate on a peer-to-peer basis with other Network Automation 
Engines. 
Automation network - The NAE shall reside on the automation network and 
shall support a subnet of system controllers. 

2. 

a. The NAE shall have the capability to communicate directly with the 
Johnson Control N2 Field Bus devices through the automation 
network via a Serial to Ethernet Converter (SECVT). 

‘ 

3. User Interface - Each NAE shall have the ability to deliver a web based 
User Interface (UI) as previously described. All computers connected 
physically or virtually to the automation network shall have access to the 
web based UI. 
a. 

b. 
C. 

d. 

e. 

f. 

9- 

h. 

i. 

j. 

The web based Ul software shall be imbedded in the NAE. Systems 
that require a local copy of the system database on the user’s 
personal computer are not acceptable. 
The NAE shall support up a minimum of four (4) concurrent users. 
The web based user shall have the capability to access all system 
data through one NAE. 
Remote users connected to the network through an Internet Service 
Provider (ISP) or telephone dial up shall also have total system 
access through one NAE. 
Systems that require the user to address more than one NAE to 
access all system information are not acceptable. 
The NAE shall have the capability of generating web based UI 
graphics. The graphics capability shall be imbedded in the NAE. 
Systems that support UI Graphics from a central database or require 
the graphics to reside on the user’s personal computer are not 
acceptable. 
The web based UI shall support the following functions using a 
standard version of Microsoft Internet Explorer: 
0 Configuration 
0 Commissioning 
0 Data Archiving 
0 Monitoring 
0 Commanding 
0 System Diagnostics 
Systems that require workstation software or modified web browsers 
are not acceptable. 
The NAE shall allow temporary use of portable devices without 
interrupting the normal operation of permanently connected modems. 

4. Processor - The NAE shall be microprocessor-based with a minimum word 
size of 32 bits. The NAE shall be a multi-tasking, multi-user, and real-time 
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digital control processor. Standard operating systems shall be employed. 
NAE size and capability shall be sufficient to fully meet the requirements of 
this Specification. 
Memory - Each NAE shall have sufficient memory to support its own 
operating system, databases, and control programs, and to provide 
supervisory control for all control level devices. 
Hardware Real Time Clock - The NAE shall include an integrated, 
hardware-based, real-time clock. 
The NAE shall include troubleshooting LED indicators to identify the 
following conditions: 
a. Power - OnlOff 
b. 
c. 
d. 
e. 
f. 
g. 

h. 
i. 
j. Fault - General Fault 
k. 
I. 
CommunicationsKrts - The NAE shall provide the following ports for 
operation of operator Input/Output (I/O) devices, such as industry-standard 
computers, modems, and portable operator's terminals. 
a. Two (2) USB port 
b. Two (2) URS-232 serial data communication port 

d. One (1 ) Ethernet port 
Diagnostics - The NAE shall continuously perform self-diagnostics, 
communication diagnosis, and diagnosis of all panel components. The 
Network Automation Engine shall provide both local and remote 
annunciation of any detected component failures, low battery conditions, or 
repeated failures to establish communication. 
Power Failure - In the event of the loss of normal power, The NAE shall 
continue to operate for a user adjustable period of up to I O  minutes after 
which there shall be an orderly shutdown of all programs to prevent the 
loss of database or operating system software. 
a. 

5. 

6. 

7. 

Ethernet Traffic - Ethernet Traffic/No Ethernet Traffic 
Ethernet Connection Speed - 10 Mbpsll00 Mbps 
FC Bus A - Normal Communications/No Field Communications 
FC Bus B - Normal Communications/No Field Communications 
Peer Communication - Data Traffic Between NAE Devices 
Run - NAE Running/NAE In Startup/NAE Shutting DownlSoftware 
Not Running 
Bat Fault - Battery Defective, Data Protection Battery Not Installed 
24 VAC - 24 VAC Present/Loss Of 24VAC 

Modem RX - NAE Modem Receiving Data 
Modem TX - NAE Modem Transmitting Data 

-~ - - __ - - - 
8. 

C. TWO (2) RS-485 port 

9. 

I O .  

During a loss of normal power, the control sequences shall go to the 
normal system shutdown conditions. All critical configuration data 
shall be saved into Flash memory. 
Upon restoration of normal power and after a minimum off-time 
delay, the controller shall automatically resume full operation without 
manual intervention through a normal soft-start sequence. 

b. 

11. Certification - The NAE shall be listed by Underwriters Laboratories (UL). 

I '  
I 
I 
I 
I 
I 
I 
I 
I 
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12. Controller network - The NAE shall support the following communication 
protocols on the controller network: 
a. The NAE shall support BACnet Standard MSlTP Bus Protocol 

ASHRAE SSPC-135, Clause 9 on the controller network. 
0 A BACnet Protocol Implementation Conformance Statement 

shall be provided for each controller device (master or slave) 
that will communicate on the BACnet MSlTP Bus. 
The Conformance Statements shall be submitted 10 day prior 
to bidding. 
The NAE shall support a minimum of 100 control devices. 

0 

0 

2.5 DDC System Controllers 

A. Field Equipment Controller (FEC X610) 
1. . The Field Equipment Controller (FEC) shall be a fully user-programmable, 

digital controller that communicates via BACnet MS/TP protocol. 
2. The FEC shall employ a finite state control engine to eliminate 

unnecessary conflicts between control functions at crossover points in their 
operational sequences. Suppliers using non-state based DDC shall 
provide separate control strategy diagrams for all controlled functions in 
their submittals. 
Controllers shall be factory programmed with a continuous adaptive tuning 
algorithm that senses changes in the physical environment and continually 
adjusts loop tuning parameters appropriately. Controllers that require 
manual tuning of loops or perform automatic tuning on command only shall 
not be acceptable. 

The FEC shall be assembled in a plenum-rated plastic housing with 
flammability rated to UL94-5VB. 
The FEC shall include a removable base to allow pre-wiring without the 
controller. 

The FEC shall include troubleshooting LED indicators to identify the 
following conditions: 
a. PowerOn 
b. PowerOff 
c. 
d. No Faults 
e. Device Fault 
f. 
g. 
h. 
i. 
j. 
k. 
The FEC shall accommodate the direct wiring of analog and binary I/O field 
points. 

3. 

4. 
5. 

6. 

7. 

Download or Startup in progress, not ready for normal operation 

Field Controller Bus - Normal Data Transmission 
Field Controller Bus - No Data Transmission 
Field Controller Bus - No Communication 
Sensor-Actuator Bus - Normal Data Transmission 
Sensor-Actuator Bus - No Data Transmission 
Sensor-Actuator Bus - No Communication 

8. 
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9. 

I O .  

11. 

12. 

13. 

The FEC shall support the following types of inputs and outputs: 
a. Universal Inputs - shall be configured to monitor any of the following: 

0 Analog Input, Voltage Mode 
0 Analog Input, Current Mode 
0 Analog Input, Resistive Mode 
0 
0 
Binary Inputs - shall be configured to monitor either of the following: 
0 Dry Contact Maintained Mode 
0 Pulse Counter Mode 
Analog Outputs - shall be configured to output either of the following 
0 Analog Output, Voltage Mode 
0 Analog Output, current Mode 
Binary Outputs - shall output the following: 
0 24VACTriac 
Configurable Outputs - shall be capable of the following: 
0 Analog Output, Voltage Mode 
0 Binary Output Mode 

The FC Bus shall be a Master-Slavefloken-Passing (MSRP) Bus ' 
supporting BACnet Standard protocol SSPC-135, Clause 9. 
The FC Bus shall support communications between the FECs and 
the NAE. 

communications with the FEC and with the NAE. 
The FC Bus shall support a minimum of 100 IOMs and FEC in any 
combination. 
The FC Bus shall operate at a maximum distance of 15,000 Ft. 
between the FEC and the furthest connected device. 

Binary Input, Dry Contact Maintained Mode 
Binary Input, Pulse Counter Mode 

b. 

c. 

d. 

e. 

The FEC shall have the ability to reside on a Field Controller Bus (FC Bus). 
a. 

b. 

c. - -The FG-Bus shall-also-support-Inputleutput-Module (IOM) - - - 

d. 

e. 

f . 
The FEC shall have the ability to monitor and control a network of sensors 
and actuators over a Sensor-Actuator Bus (SA Bus). 
a. The SA Bus shall be a Master-Slavefloken-Passing (MS/TP) Bus 

supporting BACnet Standard protocol SSPC-135, Clause 9. 
b. The SA Bus shall support a minimum of I O  devices per trunk. 
c. The SA Bus shall operate at a maximum distance of 1,200 Ft. 

between the FEC and the furthest connected device. 
The FEC shall have the capability to execute complex control sequences 
involving direct wired I/O points as well as input and output devices 
communicating over the FC Bus or the SA Bus. 
The FEC shall support, but not be limited to, the following: 
a. 
b. 
C. Terminal units 
c. 

Hot water, chilled waterkentral plant applications 
Built-up air handling units for special applications 

Special programs as required for systems control 

I 
I 
I 
I 
I 
I 
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I 
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I. 

2. 

3. 

4. 
5. 

The inputloutput Module (IOM) provides additional inputs and outputs for 
use in the FEC. 
The IOM shall communicate with the FEC over either the FC Bus or the SA 
Bus using BACnet Standard protocol SSPC-135, Clause 9. 
The IOM shall be assembled in a plenum-rated plastic housing with 
flammability rated to UL94-5VB. 
The IOM shall have a minimum of 4 points to a maximum of I 7  points. 
The IOM shall support the following types of inputs and outputs: 
a. Universal Inputs - shall be configured to monitor any of the following: 

0 Analog Input, Voltage Mode 
0 Analog Input, Current Mode 
0 Analog Input, Resistive Mode 
0 
0 
Binary Inputs - shall be configured to monitor either of the following: 
0 Dry Contact Maintained Mode 
0 Pulse Counter Mode 
Analog Outputs - shall be configured to output either of the following 
0 Analog Output, Voltage Mode 
0 Analog Output, current Mode 
Binary Outputs - shall output the following: 
0 24VACTriac 
Configurabie Outputs - shall be capable of the following: 
0 Analog Output, Voltage Mode 
0 Binary Output Mode 

Binary Input, Dry Contact Maintained Mode 
Binary input, Pulse Counter Mode 

b. 

c. 

d. 

e. 

6.  The IOM shall include troubleshooting LED indicators to identify the 
following conditions: 
a. PowerOn 
b. PowerOff 
c. 
d. No Faults 
e. Device Fault 
f. Normal Data Transmission 
g. No Data Transmission 
h. No Communication 

Download or Startup in progress, not ready for normal operation 

B. VAV Modular Assembly (VMA 16x0) 

I. The VAV Modular Assembly shall provide both standalone and networked 
direct digital control of pressure-independent, variable air volume terminal 
units. It shall address both single and dual duct applications. 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

1-01 ~ .~ _.______ . 

11. 

12. 

13. 

14. 

15. 

16. 

GRW #3612 

The VAV Modular Assembly shall communicate over the FC Bus using 
BACnet Standard protocol SSPC-135, Clause 9. 
The VAV Modular Assembly shall have internal electrical isolation for AC 
power, DC inputs, and MS/TP communications. An externally mounted 
isolation transformer shall not be acceptable. 
The VAV Modular Assembly shall be a configurable digital controller with 
integral differential pressure transducer and damper actuator. All 
components shall be connected and mounted as a single assembly that 
can be removed as one piece. 
The VAV Modular Assembly shall be assembled in a plenum-rated plastic 
housing with flammability rated to UL94-5VB. 
The integral damper actuator shall be a fast response stepper motor 
capable of stroking 90 degrees in 30 seconds for quick damper positioning 
to speed commissioning and troubleshooting tasks. 
The controller shall determine airflow by dynamic pressure measurement 
using an integral dead-ended differential pressure transducer. The 
transducer shall be maintenance-free and shall not require air filters. 
Each controller shall have the ability to automatically calibrate the flow 
sensor to eliminate pressure transducer offset error due to ambient 
temperature / humidity effects. 
The controller shall utilize a proportional plus integration (PI) algorithm for 
the space temperature control loops. 
Each-controller-shalIcontinuously,-adaptively tune the co-ntrol algorith-ms-to 
improve control and controller reliability through reduced actuator duty 
cycle. In addition, this tuning reduces commissioning costs, and eliminates 
the maintenance costs of manually re-tuning loops to compensate for 
seasonal or other load changes. 
The controller shall provide the ability to download and upload VMA 
configuration files, both locally and via the communications network. 
Controllers shall be able to be loaded individually or as a group using a 
zone schedule generated spreadsheet of controller parameters. 
Control setpoint changes initiated over the network shall be written to VMA 
non-volatile memory to prevent loss of setpoint changes and to provide 
consistent operation in the event of communication failure. 
The controller firmware shall be flash-upgradeable remotely via the 
communications bus to minimize costs of feature enhancements. 
The controller shall provide fail-soft operation if the airflow signal becomes 
unreliable, by automatically reverting to a pressure-dependent control 
mode. 
The controller shall interface with balancer tools that allow automatic 
recalculation of box flow pickup gain ( “K  factor), and the ability to directly 
command the airflow control loop to the box minimum and maximum 
airflow setpoints. 
Controller performance shall be self-documenting via on-board diagnostics. 
These diagnostics shall consist of control loop performance measurements 
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17. 

18. 

19. 

20. 

21. 

executing at each control loop’s sample interval, which may be used to 
continuously monitor and document system performance. The VMA shall 
calculate exponentially weighted moving averages (EWMA) for each of the 
following. These metrics shall be available to the end user for efficient 
management of the VAV terminals. 

0 Absolute temperature loop error. 
0 Signed temperature loop error. 
0 Absolute airflow loop error. 
0 Signed airflow loop error. 
0 Average damper actuator duty cycle. 

The controller shall detect system error conditions to assist in managing 
the VAV zones. The error conditions shall consist of: 

0 Unreliable space temperature sensor. 
0 Unreliable differential pressure sensor. 
0 Starved box. 
0 Actuator stall 
0 Insufficient cooling. 
0 Insufficient heating. 

The controller shall provide a flow test function to view damper position vs. 
flow in a graphical format. The information would alert the user to check 
damper position. The VMA would also provide a method to calculate 
actuator duty cycle as an indicator of damper actuator runtime. 
The controller shall provide a compliant interface for ASHRAE Standard 
62-1989 (indoor air quality), and shall be capable of resetting the box 
minimum airflow Based on the percent of outdoor air in the primary air 
stream. 
The controller shall comply with ASHRAE Standard 90.1 (energy efficiency) 
by preventing simultaneous heating and cooling, and where the control 
strategy requires reset of airflow while in reheat, by modulating the box 
reheat device fully open prior to increasing the airflow in the heating 
sequence. 
Inputs: 
a. Analog inputs with user defined ranges shall monitor the following 

analog signals, without the addition of equipment outside the terminal 
controller cabinet: 
0 0-10 VDC Sensors 
0 IOOOohm RTDs 
0 NTC Thermistors 
Binary inputs shall monitor dry contact closures. Input shall provide 
filtering to eliminate false signals resulting from input “bouncing.” 
For noise immunity, the inputs shall be internally isolated from power, 
communications, and output circuits. 
Provide side loop application for humidity control. 

Analog outputs shall provide the following control outputs: 

b. 

c. 

d. 

a. 
outputs 

0 0-10 VDC 
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b. 

c. 

Binary outputs shall provide a SPST Triac output rated for 500mA at 
24 VAC. 
For noise immunity, the outputs shall be internally isolated from 
power, communications, and other output circuits. 

The VAV Modular Assembly shall be configured with a software tool 
that provides a simple Question/Answer format for developing 
applications and downloading. 

The VAV Modular Assembly shall communicate over the Sensor- 
Actuator Bus (SA Bus) with a Network Sensor. 
The VMA shall support an LCD display room sensor. 
The VMA shall also support standard room sensors as defined by 
analog input requirements. 
The VMA shall support humidity sensors defined by the AI side loop. 

22. Application Configuration 
a. 

23. Sensor Support 
a. 

b. 
c. 

d. 
C. Network Sensors (NS-XXX700X) 

1. 

2. 

The Network Sensors (NS) shall have the ability to monitor the following 
variables as required by the systems sequence of operations: 
a. Zone Temperature 
b. Zone humidity 
c. Zone setpoint 
The NS shall transmit the zone information back to the controller on the 
_ ~ _ ~ _ _ _ _ _ _ _ _ _  Sensor-Actuator Bus (SA Bus) using BACnet Standard protocol SSPC-135-, 
Clause 9. 

3. The Network Sensors shall include the following items: 
a. 

b. 
c. 

d. 
The NS shall be available with either screw terminals or phone jack. 
The NS shall be available in either surface mount or wall mount styles. 

A backlit Liquid Crystal Display (LCD) to indicate the Temperature, 
Humidity and Setpoint. a 

An LED to indicate the status of the Override feature. 
A button to toggle the temperature display between Fahrenheit and 
Celsius. 
A button to initiate a timed override command 

4. 
5. 

2.7 System Tools 

A. System Configuration Tool (SCT) 

I. The Configuration Tool shall be a software package enabling a computer 
platform to be used as a stand-alone engineering configuration tool for a 
Network Automation Engine (NAE) or a Network Integration Engine (NIE). 
The configuration tool shall provide an archive database for the 
configuration and application data. 
The configuration tool shall have the same look-and-feel at the User 
Interface (UI) regardless of whether the configuration is being done online 
or offline. 

2. 

3. 

.. . 
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I 

, .  

4. The configuration tool shall include the following features: 
a. 
b. 
c. Customized user navigation trees 
d. 
e. Graphic diagram configuration 
f. 
g. 
h. 
The configuration tool shall have the capability to automatically discover 
field devices on connected buses and networks. Automatic discovery shall 
be available for the following field devices: 
a. BACnet Devices 
b. LonWorks devices 
c. N2 Bus devices 
d. Metasys N1 networks 
The configuration tool shall be capable of programming the Field 
Equipment Controllers. 
a. The configuration tool shall provide the capability to configure, 

simulate, and commission the Field Equipment Controllers. 
b. The configuration tool shall allow the FECs to be run in Simulation 

Mode to verify the applications. 
c. The configuration tool shall contain a library of standard applications 

to be used for configuration. 
The configuration tool shall be capable of programming the field devices. 
a. The configuration tool shall provide the capability to configure, 

simulate, and commission the field devices. 
b. The configuration tool shall allow the field devices to be run in 

Simulation Mode to verify the applications. 
c. The configuration tool shall contain a library of standard applications 

to be used for configuration 
A wireless access point shall allow a wireless enabled portable PC to make 
a temporary Ethernet connection to the  automation network. 
a. 

b. 

c. 

Basic system navigation tree for connected networks 
Integration of Metasys N1 , LonWorks, and BACnet enabled devices 

Point naming operating parameter setting 

Alarm and event message routing 
Graphical logic connector tool for custom programming 
Downloading, uploading, and archiving databases 

5. 

6. 

7. 

8. 

The wireless connection shall allow the PC to access configuration 
tool through the web browser using the User Interface (UI). 
The wireless use of configuration tool shall be the same as a wired 
connection in every respect. 
The wireless connection shall use the Bluetooth Wireless 
Technology. 

Handheld VAV Balancing Sensor (ATV7003) 
The sensor shall be a light weight portable device of dimensions not 
more than 3.2 x 3.2 x 1 .O inches. 
The sensor shall be capable of displaying data and setting balancing 
parameters for VAV control applications. 
The sensor shall be powered through a connection to either the 
Sensor-Actuator (SA) or the Field Controller (FC) Bus. 

B. 
a. 

b. 

c. 
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Duct Temperature 
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Accuracy 

- + 5°F. 

- + .5OF. 

- + .5OF. 

- + .75OF. 

d. The sensor shall be a menu driven device that shall modify itself 
automatically depending upon what type of application resides in the 
controller. 
The sensor shall contain a dial and two buttons to navigate through 
the menu and to set balancing parameters. 
The sensor shall provide an adjustable time-out parameter that will 
return the controller to normal operation if the balancing operation is 
aborted or abandoned. 
The sensor shall include the following 
0 5 foot retractable cable 
0 Laminated user guide 
0 Nylon caring case 
The sensor shall be Underwriters Laboratory UL 916 listed and CSA 
certified C22.2 N. 205, CFR47. 

e. 

f. 

g. 

h. 

2.8 Input Devices 

A. General Requirements 
1. Installation, testing, and calibration of all sensors, transmitters, and other 

input devices shall be provided to meet the system requirements. 

B. Temperature Sensors 
1. General Requirements: 

a._ -- Sensors-and transmitters-shall-be-provided, as-outlined in the- - ~ - - 

inputloutput summary and sequence of operations. 
b. The temperature sensor shall be of the resistance type, and shall be 

either two-wire 1000 ohm nickel RTD, or two-wire 1000 ohm platinum 
RTD. 
The following point types (and the accuracy of each) are required, 
and their associated accuracy values include errors associated with 
the sensor. lead wire. and A to D conversion: 

c. 

2. Room Temperature Sensors 
Room sensors shall be constructed for either surface or wall box 
mounting. 
Room sensors shall have the following options when specified: 
0 

0 
0 

a. 

b. 
Setpoint reset slide switch providing a 53 degree (adjustable) 
range. 
Individual heatingkooling setpoint slide switches. 
A momentary override request push button for activation of 
after-hours operation. 

I 
I 
I 
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0 Analog thermometer. 

Room sensors shall be constructed for either surface or wall box 
mounting. 
Room sensors shall have an integral LCD display and four button 
keypad with the following capabilities: 
0 
0 
0 
0 

0 Display controller mode. 
0 

3. Room Temperature Sensors with Integral Display 
a. 

b. 

Display room and outside air temperatures. 
Display and adjust room comfort setpoint. 
Display and adjust fan operation status. 
Timed override request push button with LED status for 
activation of after-hours operation. 

Password selectable adjustment of setpoint and override 
modes. 

4. Thermo wells 
a. When thermo wells are required, the sensor and well shall be 

supplied as a complete assembly, including wellhead and Greenfield 
fitting. 
Thermo wells shall be pressure rated and constructed in accordance 
with the system working pressure. 
Thermo wells and sensors shall be mounted in a threadolet or 1/2” 
NFT saddle and allow easy access to the sensor for repair or 
replacement. 
Thermo wells shall be constructed of 31 6 stainless steel. 

Outside air sensors shall be designed to withstand the environmental 
conditions to which they will be exposed. They shall also be provided 
with a solar shield. 
Sensors exposed to wind velocity pressures shall be shielded by a 
perforated plate that surrounds the sensor element. 
Temperature transmitters shall be of NEMA 3R construction and 
rated for ambient temperatures. 

Duct mount sensors shall mount in an electrical box through a hole in 
the duct, and be positioned so as to be easily accessible for repair or 
replacement. 
Duct sensors shall be insertion type and constructed as a complete 
assembly, including lock nut and mounting plate. 
For outdoor air duct applications, a weatherproof mounting box with 
weatherproof cover and gasket shall be used. 

For ductwork greater in any dimension that 48 inches and/or where 
air temperature stratification exists, an averaging sensor with multiple 
sensing points shall be used. 
For plenum applications, such as mixed air temperature 
measurements, a string of sensors mounted across the plenum shall 
be used to account for stratification and/or air turbulence. The 

b. 

c. 

d. 

a. 
5. Outside Air Sensors 

b. 

c. 

6. Duct Mount Sensors 
a. 

b. 

c. 

7. Averaging Sensors 
a. 

b. 
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averaging string shall have a minimum of 4 sensing points per 12- 
foot long segment. 
Capillary supports at the sides of the duct shall be provided to 
support the sensing string. 

c. 

Acceptable Manufacturers: Johnson Controls, Setra. 8. 

C. Humidity Sensors 
The sensor shall be a solid-state type, relative humidity sensor of the Bulk 
Polymer Design. The sensor element shall resist service contamination. 
The humidity transmitter shall be equipped with non-interactive span and 
zero adjustments, a 2-wire isolated loop powered, 4-20 mA, 0-100% linear 
proportional output. 
The humidity transmitter shall meet the following overall accuracy, 
including lead loss and Analog to Digital conversion. 3% between 20% and 
80% RH @ 77 Deg F unless specified elsewhere. 
Outside air relative humidity sensors shall be installed with a rain proof, 
perforated cover. The transmitter shall be installed in a NEMA 3R 
enclosure with sealtite fittings and stainless steel bushings. 
A single point humidity calibrator shall be provided, if required, for field 
calibration. Transmitters shall be shipped factory pre-calibrated. 
Duct type sensing probes shall be constructed of 304 stainless steel, and 
shall be equipped with a neoprene grommet, bushings, and a mounting 
bracket. 
Acceptable Manufacturers: Johnson Controls, Veris Industries, and 
Mamac. 

- _ _ _  ~ __ _ _ _ _ _ _  ________ __ - __ - -_ - - - - 

D. Differential Pressure Transmitters 
1. General Air and Water Pressure Transmitter Requirements: 

a. Pressure transmitters shall be constructed to withstand 100% 
pressure over-range without damage, and to hold calibrated accuracy 
when subject to a momentary 40% over-range input. 
Pressure transmitters shall transmit a 0 to 5 VDC, 0 to 10 VDC, or 4 
to 20 mA output signal. 
Differential pressure transmitters used for flow measurement shall be 
sized to the flow sensing device, and shall be supplied with Tee 
fittings and shut-off valves in the high and low sensing pick-up lines 
to allow the balancing Contractor and Owner permanent, easy-to-use 
connection. 
A minimum of a NEMA 1 housing shall be provided for the 
transmitter. Transmitters shall be located in accessible local control 
panels wherever possible. 

The differential pressure transmitter shall be of industrial quality and 
transmit a linear, 4 to 20 mA output in response to variation of flow 
meter differential pressure or water pressure sensing points. 

b. 

c. 

d. 

2. Low Differential Water Pressure Applications (0” - 20” w.c.) 
a. 

___ 
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b. The differential pressure transmitter shall have non-interactive zero 
and span adjustments that are adjustable from the outside cover and 
meet the following performance specifications: 
0 .01-20 W.C. input differential pressure range. 
0 4-20 mA output. 
0 Maintain accuracy up to 20 to 1 ratio turndown. 
0 Reference Accuracy: +0.2% of full span. 
Acceptable Manufacturers: Setra and Mamac. 

The differential pressure transmitter shall meet the low pressure 
transmitter specifications with the following exceptions: 
0 
0 

Standalone pressure transmitters shall be mounted in a bypass valve 
assembly panel. The panel shall be constructed to NEMA 1 
standards. The transmitter shall be installed in the panel with high 
and low connections piped and valved. Air bleed units, bypass 
valves, and compression fittings shall be provided. 

c. Acceptable Manufacturers: Setra and Mamac. 
Building Differential Air Pressure Applications (-1” to +I” w.c.) 
a. The differential pressure transmitter shall be of industrial quality and 

transmit a linear, 4 to 20 mA output in response to variation of 
differential pressure or air pressure sensing points. 
The differential pressure transmitter shall have non-interactive zero 
and span adjustments that are adjustable from the outside cover and 
meet the following performance specifications: 
0 -1 .OO to + I  .OO W.C. input differential pressure ranges. (Select 

range appropriate for system application) 
0 4-20 mA output. 
0 Maintain accuracy up to 20 to I ratio turndown. 
0 Reference Accuracy: +0.2% of full span. 
Acceptable Manufacturers: Johnson Controls and Setra. 

The differential pressure transmitter shall be of industrial quality and 
transmit a linear, 4 to 20 mA output in response to variation of 
differential pressure or air pressure sensing points. 
The differential pressure transmitter shall have non-interactive zero 
and span adjustments that are adjustable from the outside cover and 
meet the following performance specifications: 
0 

0 4-20 mA output. 
0 
0 
Acceptable Manufacturers: Johnson Controls and Setra. 

c. 
Medium to High Differential Water Pressure Applications (Over 21” w.c.) 
a. 

3. 

Differential pressure range I O ”  W.C. to 300 PSI. 
Reference Accuracy: 21 % of full span (includes non-linearity, 
hysteresis, and repeatability). 

’ b. 

4. 

b. 

c. 
Low Differential Air Pressure Applications (0” to 5” w.c.) 
a. 

5. 

b. 

(0.00 - 1 .OO” to 5.00”) W.C. input differential pressure ranges. 
(Select range appropriate for system application.) 

Maintain accuracy up to 20 to 1 ratio turndown. 
Reference Accuracy: +0.2% of full span. 

c. 
Medium Differential Air Pressure Applications ( 5  to 21” w.c.) 6. 

1 
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a. The pressure transmitter shall be similar to the Low Air Pressure 
Transmitter, except that the performance specifications are not as 
severe. Differential pressure transmitters shall be provided that meet 
the following performance requirements: 
0 Zero & span: (c/o F.S./Deg. F): .04% including linearity, 

hysteresis and repeatability. 
0 Accuracy: 1 % F.S. (best straight line) Static Pressure Effect: 

0.5% F.S. (to I00 PSIG. 
0 Thermal Effects: <+.033 F.S./Deg. F. over 40°F. to 100°F. 

(calibrated at 70°F.). 
Standalone pressure transmitters shall be mounted in a bypass valve 
assembly panel. The panel shall be constructed to NEMA 1 
standards. The transmitter shall be installed in the panel with high 
and low connections piped and valved. Air bleed units, bypass 
valves, and compression fittings shall be provided. 
Acceptable manufacturers: Johnson Controls and Setra. 

b. 

c. 
E. Flow Monitoring 

1. 

GRW #36 2 

Air Flow Monitoring 
a. Fan Inlet Air Flow Measuring Stations 

0 At the inlet of each fan and near the exit of the inlet sound trap, 
airflow traverse probes shall be provided that shall continuously 
monitor the fan air volumes and system velocity pressure. 
Each traverse probe shall be of a dual manifolded, cylindrical, 

- - - type 3003 extruded aluminum confiquration, havinu an __ 
anodized finish to eliminate surface pitting and unnecessary air 
friction. The multiple total pressure manifold shall have sensors 
located along the stagnation plane of the approaching airflow. 
The manifold should not have forward projecting sensors into 
the air stream. The static pressure manifold shall incorporate 
dual offset static tops on the opposing sides of the averaging 
manifold so as to be insensitive to flow-angle variations of as 
much as 5 20" in the approaching air stream. 
The airflow traverse probe shall not induce a measurable 
pressure drop, nor shall the sound level within the duct be 
amplified by its singular or multiple presence in the air stream. 
Each airflow-measuring probe shall contain multiple total and 
static pressure sensors placed at equal distances along the 
probe length. The number of sensors on each probe and the 
quantity of probes utilized at each installation shall comply with 
the ASHRAE Standards for duct traversing. 
Airflow measuring stations shall be manufactured by Air 
Monitor Corp., Tek-Air Systems, Inc., Ebtron, or Dietrich 
Standard. 

The single probe airflow-measuring sensor shall be duct 
mounted with an adjustable sensor insertion length of up to 
eight inches. The transmitter shall produce a 4-20 mA or 0-1 0 
VDC signal linear to air velocity. The sensor shall be a hot wire 
anemometer and utilize two temperature sensors and a heater 

0 

0 

0 

b. Single Probe Air Flow Measuring Sensor 
0 

- 

15900-38 

I 
I 
I 
I 
I 
I 
I 
I 
I 

-I 
I 
I 
I 
I 
I 
I 
I 

-1 
I 



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 15900 
BUILDING MANAGEMENT SYSTEM 

element temperature. The other sensor shall measure the 
downstream air temperature. The temperature differential shall 
be directly related to airflow velocity. 

Each device shall be designed and built to comply with, and 
provide results in accordance with, accepted practice as 
defined for system testing in the ASHRAE Handbook of 
fundamentals, as well as in the Industrial Ventilation Handbook. 
Airflow measuring stations shall be fabricated of 14-gauge 
galvanized steel welded casing with 90 Deg. connecting 
flanges in configuration and size equal to that of the duct into 
which it is mounted. Each station shall be complete with an air 
directionalizer and parallel cell profile suppressor (3/4” 
maximum cell) across the entering air stream and mechanically 
fastened to the casing in such a way to withstand velocities up 
to 6000 feet per minute. This air directionalizer and parallel cell 
honeycomb suppressor shall provide 98% free area, equalize 
the velocity profile, and eliminate turbulent and rotational flow 
from the air stream prior to the measuring point. 
The total pressure measurement side (high side) will be 
designed and spaced to the Industrial Ventilation Manual 16th 
Edition, Page 9-5. The self-averaging manifolding will be 
manufactured of brass and copper components. 
The static pressure sensing probes (low side) shall be bullet- 
nosed shaped, per detailed radius, as illustrated in Industrial 
Ventilation Manual 16th Edition, Page 9-5. 
The main take-off point from both the total pressure and the 
static pressure manifolds must be symmetrical. 
Total and static pressure manifolds shall terminate with 
external ports for connection to control tubing. An identification 
label shall be placed on each unit casing, listing model number, 
size, area, and specified airflow capacity. 

c. Duct Air Flow Measuring Stations 
0 

0 

0 

0 

0 

0 

0 Installation Considerations 

The maximum allowable pressure loss through the Flow 
and Static Pressure elements shall not exceed .065” W.C. 
at 1000 feet per minute, or .23” W.C. at 2000 feet per 
minute. Each unit shall measure the airflow rate within an 
accuracy of plus 2% as determined by U.S. - GSA 
certification tests, and shall contain a minimum of one 
total pressure sensor per 36 square inches of unit 
measuring area. 

(0 

(ii) The units shall have a self-generated sound rating of less 
than NC40, and the sound level within the duct shall not 
be amplified nor shall additional sound be generated. 

(iii) Where the stations are installed in insulated ducts, the 
airflow passage of the station shall be the same size as 
the inside airflow dimension of the duct. Station flanges 
shall be two inch to three inch to facilitate matching 
connecting ductwork. 
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(iv) Where control dampers are shown as part of the airflow 
measuring station, opposed blade precision controlled 
volume dampers integral to the station and complete with 
actuator, pilot positioner, and linkage shall be provided. 

(v) Stations shall be installed in strict accordance with the 
manufacturer’s published requirements, and in 
accordance with ASME Guidelines affecting non-standard 
approach conditions. 

0 

Static Pressure Traverse Probe 
0 

Acceptable manufacturers: Air Monitor Corp., Tek-Air, Ebtron, 
and Dietrich Standard. 

Duct static traverse probes shall be provided where required to 
monitor duct static pressure. The probe shall contain multiple 
static pressure sensors located along exterior surface of the 
cylindrical probe. 

0 Acceptable manufacturers: Cleveland Controls 
Shielded Static Air Probe 
0 A shielded static pressure probe shall be provided at each end 

of the building. The probe shall have multiple sensing ports, an 
impulse suppression chamber, and airflow shielding. A suitable 
probe for indoor and outdoor locations shall be provided. 

2. Water Flow Monitoring 
0 Water flow meters shall be electromagnetic type with integral 

microprocessor-Based electronics. The meter shall have an 
- __- -- - _-_ __ _________  accuracy-of-O725%~------ -- _- - - - __ - __ - 

0 Acceptable manufacturers: Onicon 
F. Power Monitoring Devices 

1. Current Measurement (Amps) 
a. Current measurement shall be by a combination current transformer 

and a current transducer. The current transformer shall be sized to 
reduce the full amperage of the monitored circuit to a maximum 5 
Amp signal, which will be converted to a 4-20 mA DDC compatible 
signal for use by the Facility Management System. 
Current Transformer - A split core current transformer shall be 
provided to monitor motor amps. 
0 
0 
0 UL recognized. 
0 Five amp secondary. 
0 
0 Acceptable manufacturers: Veris Industries 
Current Transducer - A  current to voltage or current to mA 
transducer shall be provided. The current transducer shall include: 
0 6X input over amp rating for AC inrushes of up to 120 amps. 
0 Manufactured to UL 1244. 
0 Accuracy: +.5%, Ripple +I%. 
0 Minimum load resistance 30kOhm. 
0 Input 0-20 Amps. 

b. 

Operating frequency - 50 - 400 Hz. 
Insulation - 0.6 Kv class IOKv BIL. 

Select current ration as appropriate for application. 

c. 

-- - 
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0 Output 4-20 mA. 
0 

0 Acceptable manufacturers: Veris Industries 

Transducer shall be powered by a 24VDC regulated power 
supply (24 VDC +5%). 

G. 

H. 

I .  

Refrigerant Leak Detectors 
1. The refrigerant leak detector shall be a standalone device and shall provide 

a SPDT output to directly energize the refrigeration room exhaust 
ventilation fans. The detector shall include a sensor or sensors connected 
to a control panel. Two relay contacts at the control panel shall provide 
trouble and alarm indication to the Facility Management System. The alarm 
relay contact shall also directly energize the exhaust fans. 
The refrigerant leak detector shall sense the type of refrigerant used in the 
specified chillers. Multiple sensors shall be required to detect different 
refrigerants and/or provide proper sensing coverage for the area of the 
refrigeration room. 
Acceptable manufacturers: Johnson Controls, MSA Instruments 

Ionization type air duct detectors shall be furnished as specified elsewhere 
in Division 16 for installation under Division 15. All wiring for air duct 
detectors shall be provided under Division 16, Fire Alarm System. 

2. 

3. 

Smoke Detectors 

I. 

Status and Safety Switches 
1. 

2. 

General Requirements 
a. Switches shall be provided to monitor equipment status, safety 

conditions, and generate alarms at the BMS when a failure or 
abnormal condition occurs. Safety switches shall be provided with 
two sets of contacts and'shall be interlock wired to shut down 
respective equipment. 

The current sensing switch shall be self-powered with solid-state 
circuitry and a dry contact output. It shall consist of a current 
transformer, a solid state current sensing circuit, adjustable trip point, 
solid state switch, SPDT relay, and an LED indicating the on or off 
status. A conductor of the load shall be passed through the window 
of the device. It shall accept over-current up to twice its trip point 
range. 
Current sensing switches shall be used for run status for fans, 
pumps, and other miscellaneous motor loads. 
Current sensing switches shall be calibrated to show a positive run 
status only when the motor is operating under load. A motor running 
with a broken belt or coupling shall indicate a negative run status. 

Current Sensing Switches 
a. 

b. 

c. 

d. Acceptable manufacturers: Veris Industries 

GRW #3612 
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a. Differential pressure switches used to monitor air filter status shall be 
of the automatic reset type with SPDT contacts rated for 2 amps at 
12OVAC. 
A complete installation kit shall be provided, including: static pressure 
tops, tubing, fittings, and air filters. 
Provide appropriate scale range and differential adjustment for 
intended service. 
Acceptable manufacturers: Johnson Controls, Cleveland Controls 

b. 

c. 

d. 

4. 

5. 

6. 

7. 

Air Flow Switches 
a. Differential pressure flow switches shall be bellows actuated mercury 

switches or snap acting micro-switches with appropriate scale range 
and differential adjustment for intended service. 
Acceptable manufacturers: Johnson Controls, Cleveland Controls 

Air pressure safety switches shall be of the manual reset type with 
SPDT contacts rated for 2 amps at 12OVAC. 
Pressure range shall be adjustable with appropriate scale range and 
differential adjustment for intended service. 
Acceptable manufacturers: Johnson Controls, Cleveland Controls 

Water flow switches shall be equal to the Johnson Controls P74. 

The lowtemperature rmif switch shan5eofthemanL.d reset typx 
with Double Pole/Single Throw snap acting contacts rated for 16 
amps at 12OVAC. 
The sensing element shall be a minimum of 15 feet in length and 
shall react to the coldest 18-inch section. Element shall be mounted 
horizontally across duct in accordance with manufacturers 
recommended installation procedures. 
For large duct areas where the sensing element does not provide full 
coverage of the air stream, additional switches shall be provided as 
required to provide full protection of the air stream. 
The low temperature limit switch shall be equal to Johnson Controls 
A70. 

b. 
Air Pressure Safety Switches 
a. 

b. 

c. 
Water Flow Switches 
a. 
Low Temperature Limit Switches 
a. 
__ _ _  

b. 

c. 

d. 

2.9 Output Devices 

A. Actuators 
I. General Requirements 

a. Damper and valve actuators shall be electronic and/or pneumatic, as 
specified in the System Description section. 

Electronic damper actuators shall be direct shaft mount. 
Modulating and two-position actuators shall be provided as required 
by the sequence of operations. Damper sections shall be sized 
Based on actuator manufacturer’s recommendations for face velocity, 

2. Electronic Damper Actuators 
a. 
b. 

~ 

I 
I 
I 
I 
I 
I 
i 
I 
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differential pressure and damper type. The actuator mounting 
arrangement and spring return feature shall permit normally open or 
normally closed positions of the dampers, as required. All actuators 
(except terminal units) shall be furnished with mechanical spring . 
return unless otherwise specified in the sequences of operations. All 
actuators shall have external adjustable stops to limit the travel in 
either direction, and a gear release to allow manual positioning. 
Modulating actuators shall accept 24 VAC or VDC power supply, 
consume no more than I 5  VA, and be UL listed. The control signal 
shall be 2-10 VDC or 4-20 mA, and the actuator shall provide a 
clamp position feedback signal of 2-10 VDC. The feedback signal 
shall be independent of the input signal and may be used to parallel 
other actuators and provide true position indication. The feedback 
signal of one damper actuator for each separately controlled damper 
shall be wired back to a terminal strip in the control panel for trouble- 
shooting purposes. 
Two-position or open/closed actuators shall accept 24 or 120 VAC 
power supply and be UL listed. Isolation, smoke, exhaust fan, and 
other dampers, as specified in the sequence of operations, shall be 
furnished with adjustable end switches to indicate open/closed 
position or be hard wired to start/stop associated fan. Two-position 
actuators, as specified in sequences of operations as “quick acting,” 
shall move full stroke within 20 seconds. All smoke damper actuators 
shall be quick acting. 
Acceptable manufacturers: Johnson Controls, Mamac. 

3. Electronic Valve Actuators 
Electronic valve actuators shall be manufactured by the valve 
manufacturer. 
Each actuator shall have current limiting circuitry incorporated in its 
design to prevent damage to the actuator. 
Modulating and two-position actuators shall be provided as required 
by the sequence of operations. Actuators shall provide the minimum 
torque required for proper valve close-off against the system 
pressure for the required application. The valve actuator shall be 
sized Based on valve manufacturer’s recommendations for flow and 
pressure differential. All actuators shall fail in the last position unless 
specified with mechanical spring return in the sequence of 
operations. The spring return feature shall permit normally open or 
normally closed positions of the valves, as required. All direct shaft 
mount rotational actuators shall have external adjustable stops to 
limit the travel in either direction. 
Modulating Actuators shall accept 24 VAC or VDC and 120 VAC 
power supply and be UL listed. The control signal shall be 2-1 0 VDC 
or 4-20 mA and the actuator shall provide a clamp position feedback 
signal of 2-1 0 VDC. The feedback signal shall be independent of the 
input signal, and may be used to parallel other actuators and provide 
true position indication. The feedback signal of each valve actuator 
(except terminal valves) shall be wired back to a terminal strip in the 
control panel for trouble-shooting purposes. 

c. 

d. 

e. 

a. 

b. 

c. 

d. 
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e. Two-position or open/closed actuators shall accept 24 or 120 VAC 
power supply and be UL listed. Butterfly isolation and other valves, 
as specified in the sequence of operations, shall be furnished with 
adjustable end switches to indicate open/closed position or be hard 
wired to startlstop the associated pump or chiller. 

f. Acceptable manufacturers: Johnson Controls 

The BMS Contractor shall furnish all automatic dampers. All automatic 
dampers shall be sized for the application by the BMS Contractor or as 
specifically indicated on the Drawings. 
All dampers used for throttling airflow shall be of the opposed blade type 
arranged for normally open or normally closed operation, as required. The 
damper is to be sized so that, when wide open, the pressure drop is a 
sufficient amount of its close-off pressure drop to shift the characteristic 
curve to near linear. 
All dampers used for two-position, open/close control shall be parallel 
blade type arranged for normally open or closed operation, as required. 

Damper frames and blades shall be constructed of either galvanized steel 
or aluminum. Maximum blade length in any section shall be 60”. Damper 
blades shall be 16-gauge minimum and shall not exceed eight (8) inches in 
width. Damper frames shall be 16-gauge minimum hat channel type with 
corner bracing. All damper bearings shall be made of reinforced nylon, 
stainless steel or oil-impregnated bronze. Dampers shall be tight closing, 

_______ - low-leakage typeywith-synthetic elastomer seals on the blade edges-and - 

flexible stainless steel side seals. Dampers of 48”x48” size shall not leak in 
excess of 8.0 cfm per square foot when closed against 4” w.g. static 
pressure when tested in accordance with AMCA Std. 500. 

Airfoil blade dampers of double skin construction with linkage out of the air 
stream shall be used whenever the damper face velocity exceeds 1500 
FPM or system pressure exceeds 2.5” w.g., but no more than 4000 FPM or 
6” w.g. Acceptable manufacturers are Johnson Controls D-7250 D-1250 or 
0-1300, Ruskin CD50, and Vent Products 5650. 
One piece rolled blade dampers with exposed or concealed linkage may be 
used with face velocities of 1500 FPM or below. Acceptable manufacturers 
are: Johnson Controls D-1600, Ruskin CD36, and Vent Products 5800. 
Multiple section dampers may be jack-shafted to allow mounting of piston 
pneumatic actuators and direct connect electronic actuators. Each end of 
the jackshaft shall receive at least one actuator to reduce jackshaft twist. 

B. Control Dampers 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

C. Control Relays 
1. Control Pilot Relays 

a. Control pilot relays shall be of a modular plug-in design with retaining 
springs or clips. 
Mounting Bases shall be snap-mount. 
DPDT, SPDT, or 4PDT relays shall be provided, 
application. 
Contacts shall be rated for I O  amps at 12OVAC. 

b. 
c. 

d. 
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e. 
f. 

a. 
b. 
c. 

d. 

Relays shall have an integral indicator light and check button. 
Acceptable manufacturers: Johnson Controls, Lectro 

Lighting control relays shall be latching with integral status contacts. 
Contacts shall be rated for 20 amps at 277 VAC. 
The coil shall be a split low-voltage coil that moves the line voltage 
contact armature to the ON or OFF latched position. 
Lighting control relays shall be controlled by: 
0 
0 Pulsed Paired Binary Outputs. 
0 

2. Lighting Control Relays 

Pulsed Tri-state Output - Preferred method. 

A Binary Input to the Facility Management System shall monitor 
integral status contacts on the lighting control relay. Relay . 
status contacts shall be of the "dry-contact" type. 

e. The relay shall be designed so that power outages do not result in a 
change-of-state, and so that multiple same state commands will 
simply maintain the commanded state. Example: Multiple OFF 
command pulses shall simply keep the contacts in the OFF position. 

D. Control Valves 
1. All automatic control valves shall be fully proportioning and provide near' 

linear heat transfer control. The valves shall be quiet in operation and fail- 
safe open, closed, or in their last position. All valves shall operate in 
sequence with another valve when required by the sequence of operations. 
All control valves shall be sized by the control manufacturer, and shall be 
guaranteed to meet the heating and cooling loads, as specified. All control 
valves shall be suitable for the system flow conditions and close against 
the differential pressures involved. Body pressure rating and connection 
type (sweat, screwed, or flanged) shall conform to the pipe schedule 
elsewhere in this Specification. 
Chilled water control valves shall be modulating plug, ball, andlor butterfly, 
as required by the specific application. Modulating water valves shall be 
sized per manufacturer's recommendations for the given application. In 
general, valves (2 or 3-way) serving variable flow air handling unit coils 
shall be sized for a pressure drop equal to the actual coil pressure drop, 
but no less than 5 PSI. Valves (3-way) serving constant flow air handling 
unit coils with secondary circuit pumps shall be sized for a pressure drop 
equal to 25% the actual coil pressure drop, but no less than 2 PSI. Mixing 
valves (3-way) serving secondary water circuits shall be sized for a 
pressure drop of no less than 5 PSI. Valves for terminal reheat coils shall 
be sized for a 2 PSlG pressure drop, but no more than a 5 PSI drop. 
Ball valves shall be used for hot and chilled water applications, water 
terminal reheat coils, radiant panels, unit heaters, package air conditioning 
units, and fan coil units except those described hereinafter, 
Modulating plug water valves of the single-seat type with equal percentage 
flow characteristics shall be used for all special applications as indicated on 
the valve schedule. Valve discs shall be composition type. Valve stems 
shall be stainless steel. 

2. 

3. 

4. 

GRW #3612 15900-45 



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 15900 
BUILDING MANAGEMENT SYSTEM 

5. Butterfly valves shall be acceptable for modulating large flow applications 
greater than modulating plug valves, and for all two-position, open/close 
applications. In-line and/or three-way butterfly valves shall be heavy-duty 
pattern with a body rating comparable to the pipe rating, replaceable lining 
suitable for temperature of system, and a stainless steel vane. Valves for 
modulating service shall be sized and travel limited to 50 degrees of full 
open. Valves for isolation service shall be the same as the pipe. Valves in 
the closed position shall be bubble-tight. 

6. Acceptable manufacturers: Johnson Controls 

1. 
E. Electronic Signal Isolation Transducers 

A signal isolation transducer shall be provided whenever an analog output 
signal from the BMS is to be connected to an external control system as an 
input (such as a chiller control panel), or is to receive as an input signal 
from a remote system. 
The signal isolation transducer shall provide ground plane isolation 
between systems. 
Signals shall provide optical isolation between systems. 
Acceptable manufacturers: Advanced Control Technologies 

External manual override stations shall provide the following: 
a. 

b. 

c. 
d. 

e. 

Electronic to Pneumatic transducers shall provide: 
a. Output: 3-15 PSIG. 
b. 
c. Manual output adjustment. 
d. Pressure gauge. 
e. 
f. 

2. 

3. 
4. 

F. External Manual Override Stations 
1. 

An integral HANDIOFFIAUTO switch shall override the controlled 

A status input to the Facility Management System shall indicate 
whenever the switch is not in the automatic position. 
A Status LED shall illuminate whenever the output is ON. 
An Override LED shall illuminate whenever the HOA switch is in 
either the HAND or OFF position. 
Contacts shall be rated for a minimum of 1 amp at 24 VAC. 

device pilot relay. ~. ___-_-__ 

G. Electronic/Pneumatic Transducers 
1. 

Input: 4-20 mA or 0-10 VDC. 

External replaceable supply air filter. 
Acceptable manufacturers: Johnson Controls, Mamac 

2.10 Miscellaneous Devices 

A. Variable Frequency Motor Speed Control Drives 

I. Description: NEMA ICs 2, IGBT, PWM, VFC; listed and labeled as a complete unit 
and arranged to provide variable speed of an NEMA MG I, Design B, 3-phase 
induction motor by adjusting output voltage and frequency. The VFD shall be 6- 
Pulse bridge rectifier design with line reactors, for effective harmonic mitigation. The 
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diode rectifiers shall convert fixed voltage and frequency, AC line power to fixed DC 
voltage. The power section shall be insensitive to phase rotation of the AC line. 

2. Output Rating: 3-phase; 6 to 60 Hz, with voltage proportional to frequency 
throughout voltage range. 

3. Unit Operating Requirements: 
a. Input ac voltage tolerance of 480 VI plus or minus 5 percent. 
b. lnput frequency tolerance of 50160 Hz, plus or minus 6 percent. 
c. Minimum Efficiency: 96 percent at 60 Hz, full load. 
d. Minimum Displacement Primary-Side Power Factor: 96 percent. 
e. Overload Capability: 1 .I times the base load current for 60 seconds; 2.0 times 

the base load current for 3 seconds. 
f. Starting Torque: 100 percent of rated torque or as indicated. 
g. Spe.ed Regulation: Plus or minus 1 percent. 

4. Isolated control interface to allow controller to follow control signal over an I 1  :I 
speed range. 

5. Internal Adjustability Capabilities: 
a. Minimum Speed: 5 to 25 percent of maximum rpm. 
b. Maximum Speed: 80 to I00 percent of maximum rpm. 
c. Acceleration: 2 to a minimum of 22 seconds. 
d. Deceleration: 2 to a minimum of 22 seconds. 
e. Current Limit: 50 to a minimum of 11 0 percent of maximum rating. 

a. Input transient protection by means of surge suppressors. 
b. Undervoltage and overvoltage trips; inverter overtemperature, overload, and 

overcurrent trips. 
c. Adjustable motor overload relays capable of NEMA ICs 2, Class 20 

performance. 
d. Notch filter to prevent operation of the controller-motor-load combination at a 

natural frequency of the combination. 
e. Instantaneous line-to-line and line-to-ground overcurrent trips. 

6. Self-Protection and Reliability Features: 

f. Loss-of-phase protection. 
g. Reverse-phase protection. 
h. Short-circuit protection. 
i. Motor overtemperature fault. 
j. Input line reactors. 

7. Automatic ReseVRestart: Attempts three restarts after controller fault or on return of 
power after an interruption and before shutting down for manual reset or fault 
correction. Bidirectional autospeed search shall be capable of starting into rotating 
loads spinning in either direction and returning motor to set speed in proper direction, 
without damage to controller, motor, or load. 

8. Power-Interruption Protection: To prevent motor from re-energizing after a power 
interruption until motor has stopped. 
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9. Torque Boost: Automatically varies starting and continuous torque to at least 1.5 
times the minimum torque to ensure high-starting torque and increased torque at 
slow speeds. 

10. Motor Temperature Compensation at Slow Speeds: Adjustable current fall-back 
based on output frequency for temperature protection of self-cooled, fan-ventilated 
motors at slow speeds. 

a. Poweron. 
b. Run. 
c. Overvoltage. 
d. Line fault. 
e. Overcurrent. 
f. External fault. 

manual-speed-control potentiometer and elapsed time meter. 

door and connected to indicate the following controller parameters: 
a. Output frequency (Hertz). 
b. Motor speed (rpm). 
c. Motor status (running, stop, fault). 
d. Motor current (amperes). 

f. Fault or alarming status (code). 
g. Proportional-integral-derivative (PID) feedback signal (percent). 
h. DC-link voltage (volts direct current). 
i. Set-point frequency (Hertz). 
j: Motor output voltage (volts). 

a. Electric Input Signal Interface: A minimum of 2 analog inputs (0 to 10 V or 0/4-20 
mA) and 6 programmable digital inputs. 

b. Remote signal inputs capable of accepting any of the following speed-setting 
input signals from the control system: 

2) 0-20 or 4-20 mA. 
3) Potentiometer using up/down digital inputs. 
4) Fixed frequencies using digital inputs. 
5) RS485. 
6) Keypad display for local hand operation. 

c. Output signal interface with a minimum of 1 analog output signal (0/4-20 mA), 
which can be programmed to any of the following: 
1) Output frequency (Hertz). 
2) Output current (load). 
3) DC-link voltage (volts direct current). 
4) Motor torque (percent). 
5 )  Motor speed (rpm). 

11. Door-mounted LED status lights shall indicate the following conditions: 

12. Panel-Mounted Operator Station: Start-stop and auto-manual selector switches with 

13. Meters or digital readout devices and selector switch, mounted flush in controller 

_. - - - __ e. ___ Motor __ ._ torque-(perc.ent). -_ _ _ _ _ ~  ____--- _____-_--______ ___ 

14. Control Signal Interface: 

I) 0 to 10-V dc. 
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6) Set-point frequency (Hertz). 
d. Remote indication interface with a minimum of 2 dry circuit relay outputs (120- 

Vac, 1 A) for remote indication of the following: 
I )  Motor running. 
2) Set-point speed reached. 
3) Fault and warning indication (overtemperature or overcurrent). 
4) High- or low-speed limits reached. 

15. Communications: RS485 interface allows VFC to be used with an external system 
within a multidrop LAN configuration. Interface shall allow all parameter settings of 
VFC to be programmed via BMS control. Provide capability for VFC to retain these 
settings within the nonvolatile memory. 

16. Integral Disconnecting Means: NEMA AB 1, molded-case switch with lockable 
handle. 

17. Accessories: 
a. Devices shall be factory installed in controller enclosure unless otherwise 

indicated. 
b. Push-Button Stations, Pilot Lights, and Selector Switches: NEMA ICs 2, heavy- 

duty type. 
c. Standard Displays: 

I )  Output frequency (Hertz). 
2) Set-point frequency (Hertz). 
3) Motor current (amperes). 
4) DC-link voltage (volts direct current). 
5) Motor torque (percent). 
6) Motor speed (rpm). 
7) Motor output voltage (volts). 

B. Local Control Panels 

i 

I /  
I 

I 

I. 

2. 

3. 

4. 

5. 
6. 

All control panels shall be factory constructed, incorporating the BMS 
manufacturer’s standard designs and layouts. All control panels shall be UL 
inspected and listed as an assembly and carry a UL 508 label listing 
compliance. Control panels shall be fully enclosed, with perforated sub- 
panel, hinged door, and slotted flush latch. 
In general, the control panels shall consist of the DDC controller(s), display 
module as specified and indicated on the plans, and I/O devices-such as 
relays, transducers, and so forththat are not required to be located 
external to the control panel due to function. Where specified the display 
module shall be flush mounted in the panel face unless otherwise noted. 
All I/O connections on the DDC controller shall be provide via removable or 
fixed screw terminals. 
Low and line voltage wiring shall be segregated. All provided terminal strips 
and wiring shall be UL listed, 300-volt service and provide adequate 
clearance for field wiring. 
All wiring shall be neatly installed in plastic trays or tie-wrapped. 
A convenience 120 VAC duplex receptacle shall be provided in each 
enclosure, fused onloff power switch, and required transformers. 
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C. Power Supplies 
1. 

2. 
3. Output: 24 VDC. 
4. 
5. 
6. 
7. 

8. 

DC power supplies shall be sized for the connected device load. Total 
rated load shall not exceed 75% of the rated capacity of the power supply. 
Input: 120 VAC +IO%, 60Hz. 

Line Regulation: +0.05% for 10% line change. 
Load Regulation: +0.05% for 50% load change. 

Ripple and Noise: I mV rms, 5 mV peak to peak, 
An appropriately sized fuse and fuse block shall be provided and located 
next to the power supply. 
A power disconnect switch shall be provided next to the power supply. 

D. Thermostats 
1. Electric room thermostats of the heavy-duty type shall be provided for unit 

heaters, cabinet unit heaters, and ventilation fans, where required. All 
these items shall be provided with concealed adjustment. Finish of covers 
for all room-type instruments shall match and, unless otherwise indicated 
or specified, covers shall be manufacturer’s standard finish. 

3. Part 3 - Performance / Execution 

- BMS-Specific Requirements -__ -__ - __ - - - - __ ___- - - 

A. Graphic Displays 
I. Provide a color graphic system flow diagram display for each system with 

all points as indicated on the point list. All terminal unit graphic displays 
shall be from a standard design library. 
User shall access the various system schematics via a graphical 
penetration scheme and/or menu selection. . 

Provide custom reports as required for this project: 

I 
I 2. 

I B. Custom Reports: 
1. 

C. Actuation / Control Type 
I. Primary Equipment I 

Controls shall be provided by equipment manufacturer as specified 
herein. 
All damper and valve actuation shall be electric. 

2. Air Handling Equipment 
All air handers shall be controlled with a HVAC-DDC Controller 
All damper and valve actuation shall be electric. 

Terminal Units (VAV, UV, etc.) shall have electric damper and valve 
actuation. 
All Terminal Units shall be controlled with HVAC-DDC Controller) 

a. 

b. 

a. 
b. 

a. 

b. 

I 
I 

- I  

3. Terminal Equipment: I 
- - - 

GRW #3612 15900-50 



SECTION 15900 
BUILDING MANAGEMENT SYSTEM 

SKRECC Corporate Offices 
Somerset, Kentucky 

3.2 installation Practices 

A. BMS Wiring 
I .  

2. 

3. 

4. 

5. 

6. 

All conduit, wiring, accessories and wiring connections required for the 
installation of the Building Management System, as herein specified, shall 
be provided by the BMS Contractor unless specifically shown on the 
Electrical Drawings under Division 16 Electrical. All wiring shall comply 
with the requirements of applicable portions of Division 16 and all local and 
national electric codes, unless specified otherwise in this section. 
All BMS wiring materials and installation methods shall comply with BMS 
manufacturer recommendations. 
The sizing, type and provision of cable, conduit, cable trays, and raceways 
shall be the design responsibility of the BMS Contractor. If complications 
arise, however, due to the incorrect selection of cable, cable trays, 
raceways andlor conduit by the BMS Contractor, the Contractor shall be 
responsible for all costs incurred in replacing the selected components. 
Class 2 Wiring 
a. 

b. 

All Class 2 (24VAC or less) wiring shall be installed in conduit unless 
otherwise specified. 
Conduit is not required for Class 2 wiring in concealed accessible 
locations. Class 2 wiring not installed in conduit shall be supported 
every 5’ from the building structure utilizing metal hangers designed 
for this application. Wiring shall be installed parallel to the building 
structural lines. All wiring shall be installed in accordance with local 
code requirements. 

Class 2 signal wiring and 24VAC power can be run in the same conduit. 
Power wiring 12OVAC and greater cannot share the same conduit with 
Class 2 signal wiring. 
Provide for complete grounding of all applicable signal and 
communications cables, panels and equipment so as to ensure system 
integrity of operation. Ground cabling and conduit at the panel 
terminations. Avoid grounding loops. 

B. BMS Line Voltage Power Source 
1. 

2. 

3. 

120-volt AC circuits used for the Building Management System shall be 
taken from panel boards and circuit breakers provided by Division 16. 
Circuits used for the BMS shall be dedicated to the BMS and shall not be 
used for any other purposes. 
DDC terminal unit controllers may use AC power from motor power circuits. 

All wiring shall be installed in conduit or raceway except as noted 
elsewhere in this specification. Minimum control wiring conduit size 1/2”. 
Where it is not possible to conceal raceways in finished locations, surface 
raceway (Wiremold) may be used as approved by the Architect. 

C. BMS Raceway 
1. 

2. 
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I 
I 

D. 

E. 

F. 

G. 

3. All conduits and raceways shall be installed level, plumb, a t  right angles to 
the building lines and shall follow the contours of the surface to which they 
a r e  attached. 
Flexible Metal Conduit shall b e  used for vibration isolation and shall be 
limited to 3 feet in length when terminating to vibrating equipment. Flexible 
Metal Conduit may be used within partition walls. Flexible Metal Conduit 
shall be UL listed. 

4. 

Penetrations 
I. 

2. 

3. 

4. 

Provide fire stopping for all penetrations used by dedicated BMS conduits 
and raceways. 
All openings in fire proofed or fire stopped components shall be closed by 
using approved fire resistive sealant. 
All wiring passing through penetrations, including walls shall b e  in conduit 
or  enclosed raceway. 
Penetrations of floor slabs shall be by core drilling. All penetrations shall be 
plumb, true, and square. 

BMS Identification Standards 
1. Node Identification. All nodes shall be identified by a permanent label 

fastened to the enclosure. Labels shall be suitable for the  node location. 
Cable types specified in Item A shall b e  color coded for e a s y  identification 

_ _ _  -- - _ _  - -- a n d - t r o u b l e s h o o t i n g y -  - --- - 

BMS Panel Installation 
4 .  T h e  BMS panels and cabinets shall be located as indicated at a n  elevation 

of not less than 2 feet from the bottom e d g e  of the panel to the finished 
floor. Each cabinet shall b e  anchored per the manufacturer’s 
recommendations. 
The BMS contractor shall b e  responsible for coordinating panel locations 
with other trades and  electrical and  mechanical contractors. 

2. 

Input Devices 
1. 
2. 

All Input devices shall b e  installed per the manufacturer recommendation 
Locate components of the BMS in accessible local control panels wherever 
possible. 

I 

I 
1 
I 
I 
I 
I 
I 

- -I 
I 
I 
I 
1 

H. . HVAC Input Devices - General  
1. 
2. 

3. 

4. 

5. Outside Air Sensors  

All Input devices shall b e  installed per the manufacturer recommendation 
Locate components of the BMS in accessible local control panels wherever 
possible. 
T h e  mechanical contractor shall install all in-line devices such as 

temperature wells, pressure taps,  airflow stations, etc. 
Input Flow Measuring Devices shall b e  installed in strict compliance with 
ASME guidelines affecting non-standard approach conditions. 

I 
I 
I 

-- I 
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a. Sensors shall be mounted on the North wall to minimize solar radiant 
heat impact or located in a continuous intake flow adequate to 
monitor outside air conditions accurately. 
Sensors shall be installed with a rain proof, perforated cover. 

Differential pressure transmitters used for flow measurement shall be 
sized to the flow-sensing device. 
Differential pressure transmitters shall be supplied with tee fittings 

and shut-off valves in the high and low sensing pick-up lines. 
The transmitters shall be installed in an accessible location wherever 
possible. 

Air bleed units, bypass valves and compression fittings shall be 
provided. 

Transmitters exterior sensing tip shall be installed with a shielded 
static air probe to reduce pressure fluctuations caused by wind. 
The interior tip shall be inconspicuous and located as shown on the 
drawings. 

9. Air Flow Measuring Stations: 
Where the stations are installed in insulated ducts, the airflow 
passage of the station shall be the same size as the inside airflow 
dimension of the duct. 
Station flanges shall be two inch to three inch to facilitate matching 
connecting ductwork. 

I O .  Duct Temperature Sensors: 
Duct mount sensors shall mount in an electrical box through a hole in 
the duct and be positioned so as to be easily accessible for repair or 
replacement. 
The sensors shall be insertion type and constructed as a complete 
assembly including lock nut and mounting plate. 
For ductwork greater in any dimension than 48 inches or where air 
temperature stratification exists such as a mixed air plenum, utilize 
an averaging sensor. 
The sensor shall be mounted to suitable supports using factory 
approved element holders. 

Shall be mounted per ADA requirements. 
Provide lockable tamper-proof covers in public areas andlor where 
indicated on the plans. 

Install on the discharge side of the first water or steam coil in the air 
stream. 
Mount element horizontally across duct in a serpentine pattern 
insuring each square foot of coil is protected by I foot of sensor. 

b. 

a. 

b. 

c. 

Medium to High Differential Water Pressure Applications (Over 21” w.c.): 
a. 

Building Differential Air Pressure Applications (-1’’ to + I ”  w.c.): 
a. 

b. 

6. Water Differential Pressure Sensors 

7. 

8. 

a. 

b. 

a. 

b. 

c. 

d. 

11. Space Sensors: 
a. 
b. 

12. Low Temperature Limit Switches: 
a. 

b. 
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c. For large duct areas where the sensing element does not provide full 
coverage of the air stream, provide additional switches as required to 
provide full protection of the air stream. 

Air Differential Pressure Status Switches: 
a. Install with static pressure tips, tubing, fittings, and air filter. 
Water Differential Pressure Status Switches: 
a. Install with shut off valves for isolation. 

All output devices shall be installed per the manufacturers 
recommendation. The mechanical contractor shall install all in-line devices 
such as control valves, dampers, airflow stations, pressure wells, etc. 
Actuators: All control actuators shall be sized capable of closing against 
the maximum system shut-off pressure. The actuator shall modulate in a 
smooth fashion through the entire stroke. When any pneumatic actuator is 
sequenced with another device, pilot positioners shall be installed to allow 
for proper sequencing. 
Control Dampers: Shall be opposed blade for modulating control of airflow. 
Parallel blade dampers shall be installed for two position applications. 
Control Valves: Shall be sized for proper flow control with equal percentage 
valve plugs. The maximum pressure drop for water applications shall be 5 
PSI. The maximum pressure drop for steam applications shall be 7 PSI. 
Electronic Signal Isolation Transducers: Whenever an analog output signal 
frTm t KeBU i Id ingWanage~tSystem-is tobecon~~ct~d-t~anexternal- 
control system as an input (such as a chiller control panel), or is to receive 
as an input a signal from a remote system, provide a signal isolation 
transducer. Signal isolation transducer shall provide ground plane isolation 
between systems. Signals shall provide optical isolation between systems 

13. 

14. 

I. HVAC Output Devices 
1. 

2. 

3. 

4. 

5. 
- - - - - _- - - - - 

3.3 Training 

A. The BMS contractor shall provide the following training services: 
1. One day of on-site orientation by a system technician who is fully 

knowledgeable of the specific installation details of the project. This 
orientation shall, at a minimum, consist of a review of the project as-built 
drawings, the BMS software layout and naming conventions, and a walk 
through of the facility to identify panel and device locations. 

3.4 Commissioning 

A. 

B. Acceptance Check Sheet 

Fully commission all aspects of the Building Management System work. 

1. 

2. 

Prepare a check sheet that includes all points for all functions of the BMS 
as indicated on the point list included in this specification. 
Submit the check sheet to the Engineer for approval 
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3. 

VAV box performance verification and documentation: 

The Engineer will use the check sheet as the basis for acceptance with the 
BMS Contractor. 

C. 
I. 

2. 

The BMS Contractor shall test each VAV box for operation and correct 
flow. At each step, after a settling time, box air flows and damper positions 
will be sampled. Following the tests, a pass/fail report indicating results 
shall be produced. Possible results are Pass, No change in flow between 
full open and full close, Reverse operation or Maximum flow not achieved. 
The report shall be submitted as documentation of the installation. , 

The BMS Contractor shall issue a report based on a sampling of the VAV 
calculated loop performance metrics. The report shall indicate 
performance criteria, include the count of conforming and non-conforming 
boxes, list the non-conforming boxes along with their performance data, 
and shall also include graphical representations of performance. 

D. Promptly rectify all listed deficiencies and submit to the Engineer that this has 
been done. 

3.5 Sequences 

I 
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SECTION 15990 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1 .I 

A. 

I .2 

A. 

1.3 

A. 

B. 

C: 

D. 

E. 

F. 

G. 

H. 

I. 

RELATED DOCUMENTS 

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

SUMMARY 

This Section includes TAB to produce design objectives for the following: 
1. Air Systems: 

a. Constant-air-volume systems. 
b. Variable-air-volume systems. 

a. Constant-flow systems. 
b. Variable-flow systems. 
Verifying that automatic control devices are functioning properly. 
Reporting results of activities and procedures specified in this Section. 

2. Hydronic Piping Systems: 

3. 
4. 

DEFINITIONS 

Adjust: To regulate fluid flow rate and air patterns at the terminal equipment, such as to 
reduce fan speed or adjust a damper. 

Balance: To proportion flows within the distribution system, including submains, 
branches, and terminals, according to indicated quantities. 

Barrier or Boundary: Construction, either vertical or horizontal, such as walls, floors, and 
ceilings that are designed and constructed to restrict the movement of airflow, smoke, 
odors, and other pollutants. 

Draft: A current of air, when referring to localized effect caused by one or more factors 
of high air velocity, low ambient temperature, or direction of airflow, whereby more heat 
is withdrawn from a person’s skin than is normally dissipated. 

Procedure: An approach to and execution of a sequence of work operations to yield 
repeatable results. 

Report Forms: Test data sheets for recording test data in logical order. 

Static Head: The pressure due to the weight of the fluid above the point of 
measurement. In a closed system, static head is equal on both sides of the pump. 

Suction Head: The height of fluid surface above the centerline of the pump on the 
suction side. 

System Effect: A phenomenon that can create undesired or unpredicted conditions that 
cause reduced capacities in all or part of a system. 
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J. 

K. 

L. 

M. 

N. 

1.4 

A. 

B. 

C. 

D. 

1 5  

A. 

B. 

C. 

D. 

E. 

1.6 

System Effect Factors: Allowances used to calculate a reduction of the performance 
ratings of a fan when installed under conditions different from those presented when the 
fan was performance tested. 

TAB: Testing, adjusting, and balancing. 

Terminal: A point where the controlled medium, such as fluid or energy, enters or leaves 
the distribution system. 

Test: A procedure to determine quantitative performance of systems or equipment. 

Testing, Adjusting, and Balancing (TAB) Firm: The entity responsible for performing and 
reporting TAB procedures. 

SUBMITTALS 

Qualification Data: Within 30 days from Contractor's Notice to Proceed, submit 4 copies 
of evidence that TAB firm and this Project's TAB team members meet the qualifications 
specified in "Quality Assurance" Article. 

Certified TAB Reports: Submit two copies of reports prepared, as specified in this 
Section, on approved forms certified by TAB firm. 

Sample Report Forms: Submit two sets of sample TAB report forms. 

Warranties specified in this Section. 

TAB Firm Qualifications: Engage a TAB firm certified by either AABC or NEBB. 

Certification of TAB Reports: Certify TAB field data reports. This certification includes 
the following: 
1. Review field data reports to validate accuracy of data and to prepare certified TAB 

reports. ' 

2. Certify that TAB team complied with approved TAB plan and the procedures 
specified and referenced in this Specification. 

TAB Report Forms: Use standard forms from TAB firm's forms approved by Architect. 

Instrumentation Type, Quantity, and Accuracy: As described in NEBB's 'I Procedural 
Standards for Testing, Adjusting, and Balancing of Environmental Systems, 'I Section I I ,  

Instrumentation Calibration: Calibrate instruments at least every six months or more 
frequently if required by instrument manufacturer. 
1. Keep an updated record of instrument calibration that indicates date of calibration 

and the name of party performing instrument calibration. 

Required Instrumentation for NEBB Certification." 

PROJECT CONDITIONS 
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A. 

B. 

I .7 

A. 

B. 

C. 

1.8 

A. 

Full Owner Occupancy: Owner will occupy the site and existing building during entire 
TAB period. Cooperate with Owner during TAB operations to minimize conflicts with 
Owner's operations. 

Partial Owner Occupancy: Owner may occupy completed areas of building before 
Substantial Completion. Cooperate with Owner during TAB operations to minimize 
conflicts with Owner's operations. 

COORDINATION 

Coordinate the efforts of factory-authorized service representatives for systems and 
equipment, HVAC controls installers, and other mechanics to operate HVAC systems 
and equipment to support and assist TAB activities. 

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

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

WARRANTY 

Special Guarantee: Provide a guarantee on NEBB forms stating that NEBB will assist in 
completing requirements of the Contract Documents if TAB firm fails to comply with the 
Contract Documents. Guarantee shall include the following provisions: 
I. The certified TAB firm has tested and balanced systems according to the Contract 

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

installation limits. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to 
discover conditions in systems' designs that may preclude proper TAB of systems and 
equipment. 
1. Contract Documents are defined in the General and Supplementary Conditions of 

Contract. 
2. Verify that balancing devices, such as test ports, gage cocks, thermometer wells, 

flow-control devices, balancing valves and fittings, and manual volume dampers, 
are required by the Contract Documents. Verify that quantities and locations of 
these balancing devices are accessible and appropriate for effective balancing and 
for efficient system and equipment operation. 

B. 

C. 

Examine approved submittal data of HVAC systems and equipment. 

Examine Project Record Documents described in Division 01 Section "Project Record 
Documents." 
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J. 

K. 

L. 

M. 

N. 

0. 

P. 

Q. 

SECTION 15990 
TESTING, ADJUSTING, AND BALANCING FOR HVAC 

Examine design data, including HVAC system descriptions, statements of design 
assumptions for environmental conditions and systems' output, and statements of 
philosophies and assumptions about HVAC system and equipment controls. 

Examine equipment performance data including fan and pump curves. Relate 
performance data to Project conditions and requirements, including system effects that 
can create undesired or unpredicted conditions that cause reduced capacities in all or 
part of a system. Calculate system effect factors to reduce performance ratings of 
HVAC equipment when installed under conditions different from those presented when 
the equipment was performance tested at the factory. To calculate system effects for air 
systems, use tables and charts found in AMCA 201, "Fans and Systems," Sections 7 
through 10; or in SMACNA's "HVAC Systems--Duct Design," Sections 5 and 6. 
Compare this data with the design data and installed conditions. 

Examine system and equipment installations to verify that they are complete and that 
testing, cleaning, adjusting, and commissioning specified in individual Sections have 
been performed. 

Examine system and equipment test reports. 

Examine HVAC system and equipment installations to verify that indicated balancing 
devices, such as test ports, gage cocks, thermometer wells, flow-control devices, 
balancing valves and fittings, and manual volume dampers, are properly installed, and 
that their locations are accessible and appropriate for effective balancing and for efficient 
system and equipment operation. 

Examine systems - -  for - functional _ _ _  deficiencies that cannot be corrected by adjusting and 
balancing. - 

Examine HVAC equipment to ensure that clean filters have been installed, bearings are 
greased, belts are aligned and tight, and equipment with functioning controls is ready for 
operation. 

Examine terminal units, such as variable-air-volume boxes, to verify that they are 
accessible and their controls are connected and functioning. 

Examine plenum ceilings used for supply air to verify that they are airtight. Verify that 
pipe penetrations and other holes are sealed. 

Examine strainers for clean screens and proper perforations. 

Examine three-way valves for proper installation for their intended function of diverting or 
mixing fluid flows. 

Examine system pumps to ensure absence of entrained air in the suction piping. 

Examine equipment for installation and for properly operating safety interlocks and 
controls. 

Examine automatic temperature system components to verify the following: 
1. Dampers, valves, and other controlled devices are operated by the intended 

2. 
controller. 
Dampers and valves are in the position indicated by the controller. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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3. 

4. 

5. 

6. 
7. 
8. 
9. 
I O .  

Integrity of valves and dampers for free and full operation and for tightness of fully 
closed and fully open positions. This includes dampers in multizone units, mixing 
boxes, and variable-air-volume terminals. 
Automatic modulating and shutoff valves, including two-way valves and three-way 
mixing and diverting valves, are properly connected. 
Thermostats and humidistats are located to avoid adverse effects of sunlight, drafts, 
and cold walls. 
Sensors are located to sense only the intended conditions. 
Sequence of operation for control modes is according to the Contract Documents. 
Controller set points are set at indicated values. 
Interlocked systems are operating. 
Changeover from heating to cooling mode occurs according to indicated values. 

R. 

3.2 

A. 

B. 

3.3 

A. 

B. 

C. 

D. 

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

PREPARATION 

Prepare a TAB plan that includes strategies and step-by-step procedures. 

Complete system readiness checks and prepare system readiness reports. Verify the 
following: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 

Permanent electrical power wiring is complete. 
Hydronic systems are filled, clean, and free of air. 
Automatic temperature-control systems are operational. 
Equipment and duct access doors are securely closed. 
Balance, sriioke, and fire dampers are open. 
Isolating and balancing valves are open and control valves are operational. 
Ceilings are installed in critical areas where air-pattern adjustments are required 
and access to balancing devices is provided. 
Windows and doors can be closed so indicated conditions for system operations 
can be met. 

GENERAL PROCEDURES FOR TESTING AND BALANCING 

Perform testing and balancing procedures on each system according to the procedures 
contained in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of 
Environmental Systems" and this Section. 

Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the 
minimum extent necessary to allow adequate performance of procedures. After testing 
and balancing, close probe holes and patch insulation with new materials identical to 
those removed. Restore vapor barrier and finish according to insulation Specifications 
for this Project. 

Mark equipment and balancing device settings with paint or other suitable, permanent 
identification material, including damper-control positions, valve position indicators, fan- 
speed-control levers, and similar controls and devices, to show final settings. 

Take and report testing and balancing measurements in inch-pound (IP) units. 
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3.4 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 
~ . 

3.5 

A. 

GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and 
recommended testing procedures. Crosscheck the summation of required outlet 
volumes with required fan volumes. 

Prepare schematic diagrams of systems' "as-built" duct layouts. 

For variable-air-volume systems, develop a plan to simulate diversity. 

Determine the best locations in main and branch ducts for accurate duct airflow 
measurements. 

Check airflow patterns from the outside-air louvers and dampers and the return- and 
exhaust-air dampers, through the supply-fan discharge and mixing dampers. 

Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

Verify that motor starters are equipped with properly sized thermal protection. 

Check dampers for proper position to achieve desired airflow path. 

Check for airflow blockages. 

Check condensate drains for proper connections and functioning. 

Check for proper sealing of air-handling unit components. 

Check for proper _ sealing _____ of - air duct _ _ _  system. _ _ _  ~ - - __ _ __ - 

PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

Adjust fans to deliver total indicated airflows within the maximum allowable fan speed 
listed by fan manufacturer. 
1. Measure total airflow. 

a. Where sufficient space in ducts is unavailable for Pitot-tube traverse 
measurements, measure airflow at terminal outlets and inlets and calculate the 
total airflow. 

Measure fan static pressures as follows to determine actual static pressure: 
a. Measure outlet static pressure as far downstream from the fan as practical and 

upstream from restrictions in ducts such as elbows and transitions. 
Measure static pressure directly at the fan outlet or through the flexible 
connection. 
Measure inlet static pressure of single-inlet fans in the inlet duct as near 
the fan as possible, upstream from the flexible connection, and 
downstream from duct restrictions. 
Measure inlet static pressure of double-inlet fans through the wall of the 
plenum that houses the fan. 

Measure static pressure across each component that makes up an air-handling 
unit, rooftop unit, and other air-handling and -treating equipment. 
a. Report the cleanliness status of filters and the time static pressures are 

measured. 
Measure static pressures entering and leaving other devices, such as sound traps, 
heat-recovery equipment, and air washers, under final balanced conditions. 

2. 

b. 

. c. 

d. 

3. 

4. 

GRW #3612 15990-6 



SKRECC Corporate Offices 
Somerset, Kentucky 

SECTION 15990 
TESTING, ADJUSTING, AND BALANCING FOR HVAC 

5. Review Record Documents to determine variations in design static pressures 
versus actual static pressures. Calculate actual system-effect factors. 
Recommend adjustments to accommodate actual conditions. 
Obtain approval from Engineer for adjustment of fan speed higher or lower than 
indicated speed. Comply with requirements in Division 15 Sections for air- 
handling units for adjustment of fans, belts, and pulley sizes to achieve indicated 
air-handling-unit performance. 
Do not make fan-speed adjustments that result in motor overload. Consult 
equipment manufacturers about fan-speed safety factors. Modulate dampers 
and measure fan-motor amperage to ensure that no overload will occur. 
Measure amperage in full-cooling, full-heating, economizer, and any other 
operating mode to determine the maximum required brake horsepower. 

Adjust volume dampers for main duct, submain ducts, and major branch ducts to 
indicated airflows within specified tolerances. 
1. 

6. 

7. 

B. 

Measure airflow of submain and branch ducts. 
a. Where sufficient space in submain and branch ducts is unavailable for Pitot- 

tube traverse measurements, measure airflow at terminal outlets and inlets 
and calculate the total airflow for that zone. 

Measure static pressure at a point downstream from the balancing damper, and 
adjust volume dampers until the proper static pressure is achieved. 

3. Remeasure each submain and branch duct after all have been adjusted. 
.Continue to adjust submain and branch ducts to indicated airflows within 
specified tolerances. 

2. 

C. Measure air outlets and inlets without making adjustments. 
1. Measure terminal outlets using a direct-reading hood or outlet manufacturer's 

written instructions and calculating factors. 

D. Adjust air outlets and inlets for each space to indicated airflows within specified 
tolerances of indicated values. Make adjustments using branch volume dampers rather 
than extractors and the dampers at air terminals. 
1. Adjust each outlet in same room or space to within specified tolerances of indicated 

quantities without generating noise levels above the limitations prescribed by the 
Contract Documents. 

2. Adjust patterns of adjustable outlets for proper distribution without drafts. 

3.6 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS 

A. Compensating for Diversity: When the total airflow of all terminal units is more than the 
indicated airflow of the fan, place a selected number of terminal units at a maximum set- 
point airflow condition until the total airflow of the terminal units equals the indicated 
airflow of the fan. Select the reduced airflow terminal units so they are distributed evenly 
among the branch ducts. 

B. Pressure-Independent, Variable-Air-Volume Systems: After the fan systems have been 
adjusted, adjust the variable-air-volume systems as follows: 
1. Set outside-air dampers at minimum, and return- and exhaust-air dampers at a 

position that simulates full-cooling load. 
2. Select the terminal unit that is most critical to the supply-fan airflow and static 

pressure. Measure static pressure. Adjust system static pressure so the entering 
static pressure for the critical terminal unit is not less than the sum of terminal-unit 
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manufacturer's recommended minimum inlet static pressure plus the static pressure 
needed to overcome terminal-unit discharge system losses. 
Measure total system airflow. Adjust to within indicated airflow. 
Set terminal units at maximum airflow and adjust controller or regulator to deliver 
the designed maximum airflow. Use terminal-unit manufacturer's written 
instructions to make this adjustment. When total airflow is correct, balance the air 
outlets downstream from terminal units as described for constant-volume air 
systems. 
Set terminal units at minimum airflow and adjust controller or regulator to deliver the 
designed minimum airflow. Check air outlets for a proportional reduction in airflow 
as described for constant-volume air systems. 
a. If air outlets are out of balance at minimum airflow, report the condition but 

leave outlets balanced for maximum airflow. 
Remeasure the return airflow to the fan while operating at maximum return airflow 
and minimum outside airflow. Adjust the fan and balance the return-air ducts and 
inlets as described for constant-volume air systems. 
Measure static pressure at the most critical terminal unit and adjust the static- 
pressure controller at the main supply-air sensing station to ensure that adequate 
static pressure is maintained at the most critical unit. 
Record the final fan performance data. 

3. 
4. 

5. 

6. 

7. 

8. 

C. Pressure-Dependent, Variable-Air-Volume Systems without Diversity: 
systems have been adjusted, adjust the variable-air-volume systems as follows: 
1. Balance systems similar to constant-volume air systems. 
2. Set terminal units and supply fan at full-airflow condition. 
3- Adjust inlet dampers of each terminalwnlt to indicated-airflow and-verify operation-of 

the static-pressure controller. When total airflow is correct, balance the air outlets 
downstream-from terminal units as described for constant-volume air systems. 
Readjust fan airflow for final maximum readings. 
Measure operating static pressure at the sensor that controls the supply fan, if one 
is installed, and verify operation of the Static-pressure controller. 
Set supply fan at minimum airflow if minimum airflow is indicated. Measure static 
pressure to verify that it is being maintained by the controller. 
Set terminal units at minimum airflow and adjust controller or regulator to deliver the 
designed minimum airflow. Check air outlets for a proportional reduction in airflow 
as described for constant-volume air systems. 
a. If air outlets are out of balance at minimum airflow, report the condition but 

leave the outlets balanced for maximum airflow. 
Measure the return airflow to the fan while operating at maximum return airflow and 
minimum outside airflow. Adjust the fan and balance the return-air ducts and inlets 
as described for constant-volume air systems. 

After the fan 

4. 
5. 

6. 

7. 

8. 

D. Pressure-Dependent, Variable-Air-Volume Systems with Diversity: After the fan systems 
have been adjusted, adjust the variable-air-volume systems as follows: 
1. Set system at maximum indicated airflow by setting the required number of terminal 

units at minimum airflow. Select the reduced airflow terminal units so they are 
distributed evenly among the branch ducts. 
Adjust supply fan to maximum indicated airflow with the variable-airflow controller 
set at maximum airflow. 
Set terminal units at full-airflow condition. 

2. 

3. 
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4. Adjust terminal units starting at the supply-fan end of the system and continuing 
progressively to the end of the system. Adjust inlet dampers of each terminal unit 
to indicated airflow. When total airflow is correct, balance the air outlets 
downstream from terminal units as described for constant-volume air systems. , 

Adjust terminal units for minimum airflow. 
Measure static pressure at the sensor. 
Measure the return airflow to the fan while operating at maximum return airflow and 
minimum outside airflow. Adjust the fan and balance the return-air ducts and inlets 
as described for constant-volume air systems. 

5. 
6. 
7. 

3.7 

A. 

B. 

3.8 

A. 

B. 

C. 

GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

Prepare test reports with pertinent design data and number in sequence starting at pump 
to end of system. Check the sum of branch-circuit flows against approved pump flow 
rate. Correct variations that exceed plus or minus 5 percent. 

Prepare hydronic systems for testing and balancing according to the following, in 
addition to the general preparation procedures specified above: 
I. 
2. 
3. 
4. 

5. 

Open all manual valves for maximum flow. 
Check expansion tank liquid level. 
Check makeup-water-station pressure gage for adequate pressure for highest vent. 
Check flow-control valves for specified sequence of operation and set at indicated 
flow. 
Set differential-pressure control valves at the specified differential pressure. Do not 
set at fully closed position when pump is positive-displacement type unless several 
terminal valves are kept open. 
Set system controls so automatic valves are wide open to heat exchangers. 
Check pump-motor load. If motor is overloaded, throttle main flow-balancing device 
so motor nameplate rating is not exceeded. 
Check air vents for a forceful liquid flow exiting from vents when manually operated. 

6. 
7. 

8. 

PROCEDURES FOR HYDRONIC SYSTEMS 

Measure water flow at pumps. 
displacement pumps: 
1. 

Use the following procedures, except for positive- 

Verify impeller size by operating the pump with the discharge valve closed. Read 
pressure differential across the pump. Convert pressure to head and correct for 
differences in gage heights. Note the point on manufacturer's pump curve at zero 
flow and verify that the pump has the intended impeller size. 
Check system resistance. With all valves open, read pressure differential across 
the pump and mark pump manufacturer's head-capacity curve. Adjust pump 
discharge valve until indicated water flow is achieved. 
Verify pump-motor brake horsepower. Calculate the intended brake horsepower for 
the system based on pump manufacturer's performance data. Compare calculated 
brake horsepower with nameplate data on the pump motor. Report conditions 
where actual amperage exceeds motor nameplate amperage. 
Report flow rates that are not within plus or minus 5 percent of design. 

2. 

3. 

4. 

Set calibrated balancing valves, if installed, at calculated presettings. 

Measure flow at all stations and adjust, where necessary, to obtain first balance. 
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D. 

E. 

F. 

G. 

3.9 

A. 

B. 

3.1 1 

A. 

B. 

C. 

1. System components that have Cv rating or an accurately cataloged flow-pressure- 
drop relationship may be used as a flow-indicating device. 

Measure flow at main balancing station and set main balancing device to achieve flow 
that is 5 percent greater than indicated flow. 

Adjust balancing stations to within specified tolerances of indicated flow rate as follows: 
1. 
2. 

Determine the balancing station with the highest percentage over indicated flow. 
Adjust each station in turn, beginning with the station with the highest percentage 
over indicated flow and proceeding to the station with the lowest percentage over 
indicated flow. 

3. Record settings and mark balancing devices. 

Measure pump flow rate and make final measurements of pump amperage, voltage, 
rpm, pump heads, and systems' pressures and temperatures including outdoor-air 
temperature. 

Measure the differential-pressure control valve settings existing at the conclusions of 
balancing. 

PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS 

Balance systems with automatic two- and three-way control valves by setting systems at 
maximum flow through heat-exchange terminals and proceed as specified above for 
hydronic systems. 

Motors, 112 HP and Larger: Test at final balanced conditions and record the following 
data: 
I. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Efficiency rating. 
5. 
6. 
7. Starter thermal-protection-element rating. 

Motors Driven by Variable-Frequency Controllers: Test for proper operation at speeds 
varying from minimum to maximum. Test the manual bypass for the controller to prove 
proper operation. Record observations, including controller manufacturer, model and 
serial numbers, and nameplate data. 

Manufacturer, model, and serial numbers. 

Nameplate and measured voltage, each phase. 
Nameplate and measured amperage, each phase. 

TEMPERATURE-CONTROL VERIFICATION 

Verify that controllers are calibrated and commissioned. 

Check transmitter and controller locations and note conditions that would adversely 
affect control functions. 

Record controller settings and note variances between set points and actual 
measurements. 
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D. 

E. 

F. 

G. 

H. 

I .  

J. 

K. 

3.12 

A. 

3.13 

A. 

B. 

3.14 

A. 

B. 

Check the operation of limiting controllers (Le., high- and low-temperature controllers). 

Check free travel and proper operation of control devices such as damper and valve 
operators. 

Check the 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. 

Check the interaction of electrically operated switch transducers. 

Check the interaction of interlock and lockout systems. 

Check main control supply-air pressure and observe compressor and dryer operations. 

Record voltages of power supply and controller output. Determine whether the system 
operates on a grounded or nongrounded power supply. 

Note operation of electric actuators using spring return for proper fail-safe operations. 

TOLERANCES 

Set HVAC system airflow and water flow rates within the following tolerances: 
I. 

2. 
3. 
4. 

Supply, Return, and Exhaust Fans and Equipment with Fans: Plus 5 to plus I O  
percent. 
Air Outlets and Inlets: 0 to minus 10 percent. 
Heating-Water Flow Rate: 0 to minus 10 percent. 
Cooling-Water Flow Rate: 0 to minus 5 percent. 

REPORTING 

Initial Construction-Phase Report: Based on examination of the Contract Documents as 
specified in "Examination" Article, prepare a report on the adequacy of design for 
systems' balancing devices. Recommend changes and additions to systems' balancing 
devices to facilitate proper performance measuring and balancing. Recommend 
changes and additions to HVAC systems and general construction to allow access for 
performance measuring and balancing devices. 

Status Reports: As Work progresses, prepare reports to describe completed 
procedures, procedures in progress, and scheduled procedures. Include a list of 
deficiencies and problems found in systems being tested and balanced. Prepare a 
separate report for each system and each building floor for systems serving multiple 
floors. 

FINAL REPORT 

General: Typewritten, or computer printout in letter-quality font, on standard bond paper, 
in three-ring binder, tabulated and divided into sections by tested and balanced systems. 

Include a certification sheet in front of binder signed and sealed by the certified testing 
and balancing engineer. 
1. Include a list of instruments used for procedures, along with proof of calibration. 
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C. Final Report Contents: In addition to certified field report data, include the following: 
I. Pump curves. 
2. Fancurves. 
3. Manufacturers' test data. 
4. Field test reports prepared by system and equipment installers. 
5. Other information relative to equipment performance, but do not include Shop 

Drawings and Product Data. 

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

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

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

1% Nomenclature sheets for each item of equipment. 
13. Data for terminal units, including manufacturer, type size, and fittings. 
14. Notes to explain why certain final data in the body of reports varies from indicated 

values. 
15. Test conditions for fans and pump performance forms including the following: 

a. 
b. Conditions of filters. 
c. 
d. 
e. Fan drive settings including settings and percentage of maximum pitch 

f. 
g. 
h. 

D. 

Name and address of TAB firm. 

~ . - - - - _ _  - - - - -- - -___ - - Documents. - __ ~ _ _ - -  

Settings for outside-, return-, and exhaust-air dampers. 

Cooling coil, wet- and dry-bulb conditions. 
Face and bypass damper settings at coils. 

diameter. 
Inlet vane settings for variable-air-volume systems. 
Settings for supply-air, static-pressure controller. 
Other system operating conditions that affect performance. 

E. System Diagrams: Include schematic layouts of air and hydronic distribution systems. 
Present each system with single-line diagram and include the following: 
1. 
2. 
3. 
4. 
5. Terminal units. 
6. Balancing stations. 
7. Position of balancing devices. 

Air-Handling Unit Test Reports: For air-handling units with coils, include the following: __ 

Quantities of outside, supply, return, and exhaust airflows. 
Water and steam flow rates. 
Duct, outlet, and inlet sizes. 
Pipe and valve sizes and locations. 

F. 

I 
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1. Unit Data: Include the following: 
a. Unit identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Unit arrangement and class. 
g. Discharge arrangement. 
h. 
i. 

j. 
k. 

a. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. 
e. 
f. 

Test Data (Indicated and Actual Values): 
a. 
b. 
c. Fanrpm. 
d. 
e. 
f. 
g. 
h. 
i. 
j. 
k. Outside-air damper position. 
I.  Return-air damper position. 
m. Vortex damper position. 

Sheave make, size in inches (mrn), and bore. 
Sheave dimensions, center-to-center, and amount of adjustments in inches 
(rnrn). 
Number of belts, make, and size. 
Number of filters, type, and size. 

Make and frame type and size. 
2. Motor Data: 

Full-load amperage and service factor. 
Sheave make, size in inches (rnrn), and bore. 
Sheave dimensions, center-to-center, and amount of adjustments in inches 
(mrn). 

Total airflow rate in cfm (Us). 
Total system static pressure in inches wg (Pa). 

Discharge static pressure in inches wg (Pa). 
Filter static-pressure differential in inches wg (pa). 
Preheat coil static-pressure differential in inches wg (Pa). 
Cooling coil static-pressure differential in inches wg (Pa). 
Heating coil static-pressure differential in inches wg (Pa). 
Outside airflow in cfm (L/s). 
Return airflow in cfm (L/s). 

3. 

G. Apparatus-Coil Test Reports: 
1. Coil Data: 

a. System identification. 
b. Location. 
c. Coil type. 
d. Number of rows. 
e. Fin spacing in fins per inch (rnm) O.C. 
f. Make and model number. 
g. Face area in sq. ft. (sq. rn). 
h. Tube size in NPS (DN). 
i. Tube and fin materials. 
j. Circuiting arrangement. 
Test Data (Indicated and Actual Values): 
a. Airflow rate in cfm (L/s). 
b. Average face velocity in fpm (rnls). 

2. 
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C. 

d. 
e. 
f. 
9- 
h. 
i. 

k. 
I. 
m. 
n. 

j. 

0. 

Air pressure drop in inches wg (pa). 
Outside-air, wet- and dry-bulb temperatures in deg F (deg e). 
Return-air, wet- and dry-bulb temperatures in deg F (deg c). 
Entering-air, wet- and dry-bulb temperatures in deg F (deg c). 
Leaving-air, wet- and dry-bulb temperatures in deg F (deg c). 
Water flow rate in gpm (LIS) .  

Water pressure differential in feet of head or psig (kPa). 
Entering-water temperature in deg F (deg e). 
Leaving-water temperature in deg F (deg c). 
Refrigerant expansion valve and refrigerant types. 
Refrigerant suction pressure in psig (kPa). 
Refrigerant suction temperature in deg F (deg c). 
Inlet steam pressure in psig (kPa). 

H. Fan Test Reports: For supply, return, and exhaust fans, include the following: 
1. Fan Data: 

a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and size. 
e. Manufacturer's serial number. 
f. Arrangement and class. 
g. 
h. 

Sheave make, size in inches (mm), and bore. 
Sheave dimensions, center-to-center, and amount of adjustments in inches 
(mm). 

Make and frame type and size. 
- __ _ - _ - 2. _ _  Motor Data: - _ - _ _ _ _ _ _  ~ ______-_ _________ 

a. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. 
e. 
f. 

g. 
Test Data (Indicated and Actual Values): 
a. 
b. 
c. Fanrpm. 
d. 
e. 

Full-load amperage and service factor. 
Sheave make, size in inches (mm), and bore. 
Sheave dimensions, center-to-center, and amount of adjustments in inches 
(mm). 
Number of belts, make, and size. 

Total airflow rate in cfm (LIS). 
Total system static pressure in inches wg (Pa). 

Discharge static pressure in inches wg (pa). 
Suction static pressure in inches wg (Pa). 

Round, Flat-Oval, and Rectangular Duct Traverse Reports: Include a diagram with a 
grid representing the duct cross-section and record the following: 
1. Report Data: 

3. 

I. 

a. 
b. Location and zone. 
c. 
d. 
e. 
f. 
g. 

System and air-handling unit number. 

Traverse air temperature in deg F (deg c). 
Duct static pressure in inches wg (Pa). 
Duct size in inches (mm). 
Duct area in sq. ft. (sq. m). 
Indicated airflow rate in cfm (LIS) .  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I )  
I 
I 
I '  
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h. 
i. 
j. 
k. 

Indicated velocity in fpm (mls). 
Actual airflow rate in cfm (L/s). 
Actual average velocity in fpm (ink). 
Barometric pressure in psig (Pa). 

J . Ai r-Te rm i nal- Device Reports: 
1. Unit Data: 

a. 
b. Location and zone. 
c. Test apparatus used. 
d. Area served. 
e. Air-terminal-device make. 
f. 
g. 
h. Air-terminal-device size. 
i. 
Test Data (Indicated and Actual Values): 
a. 
b. 
c. 
d. 
e. 
f. 
g. 

System and air-handling unit identification. 

Air-terminal-device number from system diagram. 
Air-terminal-device type and model number. 

Air-terminal-device effective area in sq. ft. (sq. m). 

Airflow rate in cfm (L/s). 
Air velocity in fpm (rnls). 
Preliminary airflow rate as needed in cfm (Us). 
Preliminary velocity as needed in fpm (mls). 
Final aitflow rate in cfm (L/s). 
Final velocity in fprn (mls). 
Space temperature in deg F (deg C). 

2. 

K. System-Coil Reports: For reheat coils and water coils of terminal units, include the 
following: 
1. Unit Data: * 

a. 
b. Location and zone. 
c. Room or riser served. 
d. Coil make and size. 
e. Flowmeter type. 
Test Data (Indicated and Actual Values): 
a. 
b. 
c. 
d. 
e. 
f. 

System and air-handling unit identification. 

2. 
Airflow rate in cfm (L/s). 
Entering-water temperature in deg F (deg C). 
Leaving-water temperature in deg F (deg C). 
Water pressure drop in feet of head or psig (kPa). 
Entering-air temperature in deg F (deg c). 
Leaving-air temperature in deg F (deg c). 

L. Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump curves 
and include the following: 
1. Unit Data: 

a. Unit identification. 
b. Location. 
c. Service. 
d. Make and size. 
e. Model and serial numbers. 
f. 
g. 
h. 

Water flow rate in gpm (L/s). 
Water pressure differential in feet of head or psig (kPa). 
Required net positive suction head in feet of head or psig (kPa). 
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2. 

i. Pumprpm. 
j. Impeller diameter in inches (mm). 
k. Motor make and frame size. 
I. Motor horsepower and rpm. 
m. Voltage at each connection. 
n. Amperage for each phase. 
0. 
p. Seal type. 
Test Data (Indicated and Actual Values): 
a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
i. 
j. Voltage at each connection. 
k. Amperage for each phase. 

Full-load amperage and service factor. 

Static head in feet of head or psig (kPa). 
Pump shutoff pressure in feet of head or psig (kPa). 
Actual impeller size in inches (mm). 
Full-open flow rate in gpm (L/s). 
Full-open pressure in feet of head or psig (kPa). 
Final discharge pressure in feet of head or psig (kPa). 
Final suction pressure in feet of head or psig (kPa). 
Final total pressure in feet of head or psig (kPa). 
Final water flow rate in gprn (L/s). 

M. Instrument Calibration Reports: 
I. Report Data: 

a. Instrument type and make. 
b. Serial number. 

d. Dates of use. 
e. Dates of calibration. 

I 
- __ _ _  _- c. Application._ - _ ___ ______ 

3.15 INSPECTIONS 

I 
I 

A. Initial Inspection: 
1. After testing and balancing are complete, operate each system and randomly check 

measurements to verify that the system is operating according to the final test and 
balance readings documented in the Final Report. 
Randomly check the following for each system: 
a. 
b. 
c. Measure room temperature at each thermostatltemperature sensor. Compare 

d. 
e. 
f. I 
g. 

B. Final Inspection: I 
After initial inspection is complete and evidence by random checks verifies that 
testing and balancing are complete and accurately documented in the final report, 
request that a final inspection be made by Architect. 
TAB firm test and balance engineer shall conduct the inspection in the presence of 
Architect. 

2. l 
Measure airflow of at least I O  percent of air outlets. 
Measure water flow of at least 5 percent of terminals. 

the reading to the set point. 
Measure sound levels at two locations. 
Measure space pressure of at least I O  percent of locations. 
Verify that balancing devices are marked with final balance position. 
Note deviations to the Contract Documents in the Final Report. 

I 

1. 

r 
I 

2. 
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3. 

4. 

5. 

6. 

7. 

Architect shall randomly select measurements documented in the final report to be 
rechecked. The rechecking shall be limited to either 10 percent of the total 
measurements recorded, or the extent of measurements that can be accomplished 
in a normal 8-hour business day. 
If the rechecks yield measurements that differ from the measurements documented 
in the final report by more than the tolerances allowed, the measurements shall be 
noted as "FAILED." 
If the number of "FAILED" measurements is greater than 10 percent of the total 
measurements checked during the final inspection, the testing and balancing shall 
be considered incomplete and shall be rejected. 
TAB firm shall recheck all measurements and make adjustments. Revise the final 
report and balancing device settings to include all changes and resubmit the final 
report. 
Request a second final inspection. If the second final inspection also fails, Owner 
shall contract the services of another TAB firm to complete the testing and 
balancing in accordance with the Contract Documents and deduct the cost of the 
services from the final payment. 

3.16 ADDITIONAL TESTS 

A. 

B. 

Within 90 days of completing TAB, perform additional testing and balancing to verify that 
balanced conditions are being maintained throughout and to correct unusual conditions. 

Seasonal Periods: If initial TAB procedures were not performed during near-peak 
summer and winter conditions, perform additional testing, inspecting, and adjusting 
during near-peak summer and winter conditions. 

END OF SECTION 
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SECTION 16050 
BASIC ELECTRICAL MATERIALS AND METHODS 

PART 1 - GENERAL 

1 . O l  

A. 

B. 

1.02 

A. 

B. 

C. 

D. 

E. 

F. 

CONTRACTOR’S UNDERSTANDING 

Contractors bidding word under this Contract shall read and understand Division Zero 
and Division 1 - General Requirements. If any discrepancies are discovered 
between the Basic Electrical Materials and Methods and General Requirements, the 
above mentioned documents shall overrule this section. The Basic Electrical 
Materials and Methods are intended as a supplement to the above mentioned 
documents. 

Each Contractor bidding on the work included in these Specifications shall view the 
building site and carefully examine the contract Drawings and Specifications, so that 
helshe may fully understand what is to be done, and to document existing conditions. 

SCOPE OF WORK 

Work included in this section of the Specifications shall include the furnishings of all 
labor, material, tools, approvals, utility connection fees, excavation, backfill, and other 
equipment necessary to install the electrical system as shown on the Contract 
Drawings and as specified herein. 

It also includes installation and connection of all electrical utilization equipment 
included in this contract but furnished by other contractors or suppliers. 

The Contractor shall furnish and install all conduit, wire disconnect switches and 
miscellaneous material to make all electrical connections to all items of utilization 
equipment except as otherwise specified. 

Equipment connections shall be made with flexible or rigid conduit as required. The 
number and size of conductors between equipment and control or protective 
apparatus shall be as required to obtain the operation described in these 
Specifications, and /or by the Contractor Documents, andlor as shown in 
manufacturer furnished, Engineer reviewed Shop Drawings. 

All devices and items of equipment mentioned in this section of the Specifications 
whether electrical or not whether furnished under this or other Division of the 
Specifications shall be installed under this Division of the Specifications, unless 
specifically indicated otherwise. 

Where wiring diagrams are not shown on the Contract Drawings, they are to be 
provided by the supplier of the equipment served and such diagrams shall be 
adhered to except as herein modified. 
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G. 

H. 

I .03 

A 

B. 

C. 

1.04 

The following is a list of items that may not be defined clearly on the Contract 
Drawings or in other parts of these Specifications. The list is meant to be an aid to the 
Contractor and is not necessarily a complete list of work to be an aid to the 
Contractor and is not necessarily a complete list of all work be performed under this 
Contract: 

Connect all equipment and accessories furnished by equipment suppliers, or by 
the owner. 
Furnish, install, and connect lighting, indoor and outdoor. Where indicated, 
install and connect owner-furnished lighting standards. 
Furnish, install, and connect all electrical conduit, duct and cables. 
Furnish, install, and connect all telephone boxes, outlets, etc. 
Furnish, install, and connect all power distribution equipment. 
Furnish and install standby power equipment. 
Furnish and install fire alarm control panel, devices, and wiring. 
Furnish and install security system equipment, rough-in. 
Furnish and install communications system equipment. 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

All raceways and wiring shall be firestopped where required by code and/or indicated 
in the Contract Drawings. 

SHOP DRAWINGS, DESCRIPTIVE LITERATURE, INSTALLATION, OPERATION 
AND MAINTENAANCE INFORMATION 

Shop Drawings including descriptive literature and/or installation, operation and 
maintenance instructions-shall be-submitted-in accordance with-Division 1. 

Shop Drawings shall be submitted on the following materials specified in Division. 
1. Conduit. 
2. 
3. Wiring devices. 
4. Device plates 
5. 
6. Power distribution equipment. 
7. Wire. 
8. Light fixtures. 
9. Lightinghransient suppressors. 
10. Transformers. 
11. Standby power equipment and accessories. 
12. Fire alarm system 
13. Communication system. 

Boxes - all types and sizes. 

Conduit fittings, expansion joints, support hardware. 

The Engineers reserves the right to make modifications to power distribution 
equipment ratings after Shop Drawings review, if the Shop Drawings are submitted 
prematurely (prematurely meaning submitted before all equipment has been reviewed 
and accepted). 

SYMBOLS AND ABBREVIATIONS 

The symbols and abbreviations general follow stand electrical and architectural 
practice, however, exceptions to this shall be as shown on the Contract Drawings. 
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1.05 COORDINATION WITH OTHER TRADES 

The Contractor shall coordinate the electrical work with that of other trades to ensure 
proper final location of all electrical and/or connections. 

1.06 CODES 

A. The minimum standard for all work shall be the latest revision of the Kentucky 
Building code (KBC), and the National Electrical Code (NEC). Whenever and 
wherever state and/or local laws or ordinances and /or regulations and /or the 
Engineer’s design require a higher standard that the current NEC or KBC, then these 
laws andlor regulations andlor the design shall be followed. 

B. Following is a list of other applicable Standards or Codes: 
1. Kentucky Building Code 
2. National Electrical Code 
3. Factory Mutual System 
4. National Fire Protection Association 
5. National Electrical Manufacturers Association 
6. Occupational Safety and Health Administration 
7. Insulated Cable Engineers Association, Inc. 
8. Illuminating Engineering Society of North America 
9. Instrument Society of America 
I O .  Institute of Electrical and Electronic Engineers, Inc. 
1 I . Certified Ballast Manufacturers Association 
12. American National Standards Institution, Inc. 
13. Anti-Friction Bearing Manufacturers Association, Inc. 
14. Joint Industry Council 
15. American Society of Heating, Refrigerating 

16. Federal Communications Commission 
17. American Society for Testing and Materials 

And Air Conditioning Engineers, Inc. 

1.07 INSPECTIONS AND PERMITS 

KBC 
NEC 
FM 
NFPA 
NEMA 
OSHA 
ICEA 
IES 
I SA 
IEEE 
CMB 
ANSI 
AFBMA 
JIC 
ASHRAE 

FCC 
ASTM 

A. Inspection of the electrical system on all construction projects is required. If the local 
government has appointed a state licensed inspector, the Contractor shall be 
required to use that person to perform the inspections. If a locally mandated inspector 
does not exist, the Contractor shall select and hire a state licensed inspector, who 
has jurisdiction before any work is concealed. The Contractor shall notify the 
electrical inspector in writing, immediately upon notice to proceed, and a copy of the 
notice shall be submitted to the Engineers. 

B. At the time of completion of the project, there shall be furnished to the Owner a 
certificate of compliance, from the agency having jurisdiction pursuant to all electrical 
work performed. The Engineer shall also receive a Photostatic copy. 
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C. 

D. 

1.08 

A. 

B. 

C. 

1.09 

A. 

B. 

C. 

1.10 

A. 

All costs incurred by the Contractor to execute the above mentioned requirements 
shall be paid by the Contractor at no extra cost to Owner. 

All permits necessary for the complete electrical system shall be obtained by the 
Contractor from the authorities governing such work. For further information, see 
Division 1. 

STORAGE 

All work, equipment and materials shall be protected against dirt, water, or other 
injury during the period of construction. 

Sensitive electrical equipment such as light fixtures, and panel boards, delivered to 
job site, shall be protected against injury or corrosion due to atmospheric conditions 
or physical damage by other means. Protection is interpreted to mean that equipment 
shall be stored under roof, in a structure properly heated in cold weather and 
ventilated in hot weather. Provision shall be made to control the humidity in the 
storage area to 50 percent relative. The stored equipment shall be inspected 
periodically, and if it is found that the protection is inadequate, further protective 
measures shall be employed. Electrical equipment other than boxes and conduit 
shall not be installed until the structure is under roof with doors and windows 
installed. 

No light fixtures or device plates shall be hung or installed until after painting is 
- -- --completed; however, temporary-lighting-shall-be-provided- by the Contractor. -- 

MATERIALS 

All materials used shall be new and at least meet the minimum standards as 
established by the NEC and/or National Electrical Manufacturers Association 
(NEMA). All materials shall be UL listed for the application, where a listing exists. 
Additional requirements are found in Division 1. All equipment shall meet applicable 
FCC requirements and restrictions. 

The material and equipment described herein has been specified according to a 
particular trade name or make to set quality standards. However, each Contractor 
has the right to substitute other material and equipment in lieu of that specified, other 
than those specifically mentioned at matching or for standardization, providing such 
material and equipment meets all of the requirements of those specified and is 
accepted, in writing by the Engineer. 

The reuse of salvaged electrical equipment and/or wiring will not be permitted unless 
specified herein or indicated on the Contract Drawings. 

ERRORS, CORRECTIONS, AND/OR OMISSIONS 

Should a piece of equipment be supplied of a different size or horsepower than 
shown on the Contract Drawings, the Contractor shall be responsible for installing the 
proper size wiring, conduit, starters, circuit breakers, etc., for proper operation of that 
unit and the complete electrical system at no extra cost to the Owner. 

- 
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B. 

C. 

1.11 

A. 

B. 

1 . I2 

A. 

B. 

C. 

1.13 

A. 

B. 

It is the intent of these Specifications to provide for an electrical system installation 
complete in every respect, to operate in the manner and under conditions as shown 
in these Specifications and on the Contract Drawings. 

Necessary changes or revisions in electrical work to meet any code requirement shall 
be made by the Contractor without additional charge. 

GUARANTEES AND WARRANTIES 

The Contractor shall guarantee all work including equipment, materials, and 
workmanship. This guarantee shall be against all defects of any of the above and 
shall run for a period of I year from the date of acceptance of the work, concurrent 
with the one year guarantee period designated for the general construction contract 
under which electrical work is performed. 

Repair and maintenance for the guarantee period is the responsibility of the 
Contractor and shall include all repairs and maintenance other than that which is 
considered as routine. 

TESTING 

After the wiring system is complete, the Contractor shall conduct an operating test for 
acceptance. The equipment shall be demonstrated to operate in accordance with the 
requirements of these Specifications and the Contract Drawings. The Contractor shall 
furnish all instruments and personnel required for the tests, as well as the necessary 
electrical power. 

Before energizing the system, the Contractor shall check all connections for proper 
operation. He shall obtain all necessary clearances, approvals, and instructions from 
the serving utility company andlor equipment manufacturers prior to placing power on 
the equipment. 

Cost of utilities for testing done prior to beneficial occupancy by the Owner shall be 
borne by the Contractor. 

CLEANUP 

Cleanup shall be completed as soon as possible after the electrical installation is 
complete. All light fixtures, outlets, switches, disconnect switches and other electrical 
equipment shall be free of shipping tags, stickers, etc. All painted equipment shall be 
left free of scratches or other blemishes, such as splattered or blistered paint, etc. All 
light fixture diffusers shall be clean and the interior of all switchgear, etc., shall be free 
of dust, dirt, wire strippings, etc. Surplus material, rubbish and equipment resulting 
from the work shall be removed from the job site by the Contractor upon completion 
of the work. 

During construction, cover all Owner equipment and furnishings subject to 
mechanical damage or contamination in any way. 
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1.14 

1.15 

A. 

B. 

1.16 

1.17 

A. 

B. 

C. 

1.18 

Section 16050 
Basic Electrical Materials and Methods 

CUTTING AND PATCHING 

Cutting and patching shall be held to an absolute minimum and such work shall be 
done only under the direction of the Engineer or Owner. The Contractor shall be 
responsible for and shall pay for all openings that may be required in the floors or 
walls, and he shall be responsible for putting said surfaces back in their original 
condition. Every attempt shall be made to avoid cutting reinforcing steel bars when 
an opening is required in a reinforced concrete wall or floor slab. 

EXCAVATION AND BACKFILL 

Excavation 
1. Excavation for conduits shall be of sufficient width to allow for proper jointing 

and alignment of the type conduit used. Conduit shall be bedded on original 
ground. Where conduit is in solid rock, a 6 inch earth cushion must be 
provided. Conduit shall be laid in straight lines between pull boxes andlor 
structures unless otherwise notes on the Contract Drawings. The cost of solid 
rock excavation shall be included in the lump sum bid with no extra pay allowed 
(unclassified). 

Backfill 
1. Backfill shall be hand placed, loose granular earth for a height of 6 inches 

above the top of the largest conduit. This material shall be free of rocks over 2 
inches in diameter. Above this, large rocks may be included but must be mixed 

_. -- __with_sufficient~earth-to-filI~all~voids.-~--- - - -- - -- - - -- - -- - -  

SLEEVES, CHASES AND OPENING 

It is the Contractor’s responsibility to leave openings to allow installation of the 
complete, operational electrical system. Openings required but not left shall be cut as 
outlined under cutting and patching. The Contractor shall coordinate all holes and 
other openings with necessary diameters for proper fire stopping. 

POWER COMPANY COORDINATION 

The Contractor is responsible for coordinating all activities onsite by the power 
company. It is the Contractor’s responsibility to contact the power company to 
schedule service installation and/or modifications. 

CDP Project 07028 16050-6 

All power company metering equipment shall be electrically located “upstream” of any 
manuallautomatic transfer equipment on projects requiring onsite emergency power 
generation equipment. 

Any special provisions required by the serving electrical utility shall be as outlined on 
the Contract Drawings or as advised by the utility at the time of construction, and 
work required by these special provisions shall be executed with no extra cost to the 
Owner. 

TEMPORARY ELECTRICAL POWER 
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The Contractor shall be responsible for providing temporary electrical power as 
required during the course of construction and shall remove the temporary service 
equipment when no longer required. Temporary power is also addressed in 
Divisionl. 

1.19 

1.20 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

OVERCURRENT PROTECTION 

Circuit breakers or fused switches shall be the size and type as written herein and 
shown on the Contract Drawings. Any additional overcurrent protection required to 
maintain an equipment listing by an authority having jurisdiction shall be installed by 
the Contractor at no extra cost to the Owner. 

TRAl N I NG 

All manufacturers supplying equipment for this division shall provide the Owner’s 
operations staff with training in the operation and maintenance on the equipment 
being furnished. The training shall be conducted at the project site by a qualified 
representative of the manufacturer. 

The cost of this training shall be included in the bid price. 

The required training shall consist of both classroom and hands-on situation. 
Classroom training shall include instruction on how the equipment works its 
relationship to all accessories and other related units, detailed review of shop 
drawings, detailed presentation of written 0 & M instructions, troubleshooting and 
record-keeping recommendations. Hands-on-training shall include a review of the 
manufacturer’s 0 & M instructions, check out of each operator to identifLing key 
elements of the equipment, tear down as appropriate, calibration, adjustment, 
greasing and oiling points, and operating manipulations of all electrical and 
mechanical controls. 

The training shall be scheduled through the Contractor with the Owner. The timing of 
the training shall closely coincide with startup of the equipment, but no training shall 
be conducted until the equipment is operational. 

The minimum number of hours to be provided by manufacturers supplying equipment 
on this project shall be in accordance with the following table: 

Traininq Hours 
Item Classroom Hands-on 

Lighting Control System 2 2 
Fire Alarm System 1 1 
Standby Power System & Accessories 2 2 

At least 60 days prior to the training the manufacturer shall submit through the 
Contractor to the Engineer an outline of the training proposed for the Engineer’s 
review and concurrence. 

The Owner reserves the right to videotape all training sessions. 
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1.22 

I .23 

1.24 

A. 

B. 

C. 

Section 16050 
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AS BUILT DRAWI.NGS 

The Contractor shall maintain 1 set of the Contract Drawings on the job in good 
condition for examination at all times. The Contractor’s qualified representative shall 
enter upon these drawings, from day to day, the actual “as-built” record of 
construction and/or alteration progress. Entries and notes shall be made in a neat 
and legible manner and these drawings delivered to the Engineer after completion of 
the construction, for use in preparation of Record Drawings. 

GROUNDING AND BONDING 

All metallic conduit, cabinets, equipment, and service shall be grounded in 
accordance with the latest issue of the National Electrical Code. All supporting 
framework and other metal or metal clad equipment or materials which are in contact 
with electrical conduit, cable and/or enclosures shall be properly grounded to meet 
the code requirements. 

RELATED SPEC I F I CAT1 ON D IVI S IONS 

The following divisions contain Specifications on utilization equipment, equipment 
accessories, and procedures related to execution of the electrical work, and are 
included here for the Contractor’s information. Bids shall still be based on complete 
Contract Documents. 

-.-Div.ision-O _l-Bidding-Requirements,_Contract_Eorms, and-Conditions-oflhe-Contract ~ - 

Division 1 - General Requirements 
Division 2 - Site work 
Division 8 - Doors and Windows 
Division I I - Equipment 
Division 42 - Furnishings 
Division 15 - Mechanical 

SERVICE ENTRANCE 

Conductors and terminations for service entrances shall be furnished and installed by 
the Contractor. Voltage, phase, and number of wires shall be as shown on the 
Drawings. Clearances for overhead entrance wires shall be per Power Company, 
NEC, and NESC requirements. 

Any details not shown on the Drawings or written in the Specifications pertaining to 
the service entrance shall be per power company requirements. It is the Contractor’s 
responsibility to contact the utility prior to bidding and obtain any special requirements 
or costs they will be imposing. Those costs shall be included in the bid. 

On underground service entrances from pad mounted transformers, the Contractor 
shall be responsible for furnishing and installing all primary, secondary, and metering 
conduits, as well as secondary service/metering conductors. The Contractor shall be 
responsible for furnishing pull wires in primary conduits for use by the power 
company. The Contractor shall be responsible for fabricating the required concrete 
pad that the transformer will be mounted on. The Contractor shall also mount the 
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I .25 

1.26 

A. 

B. 

1.27 

A. 

B. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

13. 
14. 
15. 
16. 
17. 
18. 
19. 

20. 

meter base furnished by the power company. 

Section 16050 
Basic Electrical Materials and Methods 

CONTWCTOR LICENSING 

The Contractor performing the electrical work on this project shall be locally licensed, 
if required by local law or ordinance. If the Contractor has passed the State test, it 
may not be necessary to meet local testing requirements. It shall be the Contractor's 
responsibility to investigate these requirements and comply with same. 

ANCHOR1 NG/MOU NTI NG 

Electrical conduits and/or equipment shall be rigidly supported. Anchors used shall 
be metallic expansion type, or if appropriate to prevent spalling concrete, epoxy set 
type. Plastic or explosive type anchors are prohibited. 

Since this project is in Seismic Zone 1 the Contractor shall be sure that all supports 
are consistent with the KBC requirements in this regard. 

ELECTRICAL COMPONENT MOUNTING HEIGHTS 

Unless otherwise indicated, mounting height for components shall be as defined 
herein. In cases of conflicts with architectural or structural aspects, the components 
may be relocated. If an indicated height conflicts with a code requirement, the code 
shall govern. 

Mounting heights are given from finished floor elevation to the centerline of the 
component, uuless otherwise noted. 

ComDonent 
Wall type light switch 

Low wall outlet 
Medium height wall outlet 

Medium height telephone outlet 
High wall outlet or fixture 

Wall type buzzers, horns, etc. 
Wall type exit signs 

Fire alarm manual pull station 
Wall mount speaker 

Wall mount stair landing light 
Push-button or control stations 
Top of panel boards or control 

Top of telephone back boards 
Top of local motor controller 

Top of local disconnect switch 
Wall telephone 

Wall outlets over workbench 
Wall mount exterior light fixtures 

Wall mount emergency light 
fixtures 

Wall thermostats 

panels 

Comments 
To top of box 

To bottom 

Top 2" below ceiling 
Top of sign 2" below ceiling 

To the handle 
Top of speaker 1" below ceiling 

To bottom 

Maximum (except for handicapped 

Maximum 
Maximum 
Maximum 

Maximum to top of phone 
Coordinate with workbench 

areas) 

Maximum to test button 

4*-011 To top of thermostat 
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I 
21. Fire alarm hornktrobe units 80" Max. 6" below ceiling whichever is I 

lower 

In situations where there appears to be a conflict with Americans with Disabilities Act 
(ADA) legislation, utilize the ADA requirements herein. 

I 
1.28 RECEl PTS 

A. Some sections of the Specifications call for equipment, materials, accessories, etc. to 
be provided and "turned over to the Owner" or like requirements. The Contractor shall 
obtain a receipt for each item turned over, signed by the Owner or his representative. 
A copy of this receipt shall be transmitted to the Engineer. 

When a question arises concerning whether items have been turned over to the 
Owner, and there is no signed receipt, it may be assumed that the items were not 
provided. 

I 

I 
B. ! 

PART 2 - PRODUCTS I 
I 

Not Applicable. 

PART 3 - EXECUTION 

END OF SECTION - 16050 I 
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SECTION 16060 
SECONDARY GROUNDING 

PART I - GENERAL 

1.01 

PART 2 

2.01 

PART 3 

3.01 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

SCOPE OF WORK 

Grounding shall be done in accordance with the NEC, as described in these 
Specifications, and as shown on the Contract Documents. 

PRODUCTS 

ACCEPTABLE MANUFACTURERS 

Grounding equipment shall be Cadweld, Thomas and Betts. or equal. 

EXECUTION 

INSTALLATION/APPLICATION/ERECTION 

Grounding shall utilize a supplemental driven ground rod system in a bed to achieve 
the design ground resistance. 

The ground system shall be continuous with all structures on a common ground. This 
can be accomplished by bonding all conduits together and bonding to the ground bus 
at each motor control center. Bonding jumpers shall be required at all pull boxes, and 
at all motor casings. A separate grounding conductor shall be pulled in all conduits in 
addition to wire counts shown on Drawings. 

Ground rods shall be (1"x 101-01') copper clad type. Where multiple rods are driven, 
they shall be separated by at least 10 feet to assure maximum effect. 

Ground resistance between ground and absolute earth shall not exceed 5 ohms. 

All grounding and grounding electrode systems shall be as required by the NEC as 
for types of electrodes utilized and sizing of grounding conductor to service 
equipment from the electrode system. These shall include footer rebar, buried metal 
water pipe, buried bare copper conductor, etc. 

All grounding electrode system connections shall be made using exothermic welds, 
Cadweld, or equal. No splices are allowed in the grounding electrode conductor. 

An insulated, isolated ground shall be run from the service entrance to panels serving 
computers. 

Should ground rods be impractical for use due to rocky conditions, then grounding 
electrode plates may be used after acceptance by the Engineer on a case by case 
basis. 
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A. 

3.03 

A. 

B. 

Section 16060 
Secondary Grounding 

FIELD QUALITY CONTROL 

Testing 
1. The Contractor shall be required to provide all labor, tools, instruments, and 

materials as necessary to perform testing of the grounding electrode system. 
Results shall be submitted in writing to the Engineer. The testing shall be done 
to determine the effectiveness of the selected grounding scheme and to see 
that it conforms with resistance specified (5 ohms maximum). 

2. The testing should be done using a fall-of-potential method test at the point of 
grounding electrode conductor connection to main power distribution equipment 
and at each separately derived system. The test shall be performed no sooner 
than 48 hours after a rainfall event. 

3. The written reDort should contain the followinq information: 
a. 
b. 

C. 

b. 
e. 
f. 

9. 

h. 

Type of ground scheme used, Le., building steel, driven rod, mat, etc. 
Type of instrument used. 
1 Manufacturer 
2 Model Number 
3 Confirm fall-of-potential test 
4" Serial Number 
5* Where instrument was obtained 

*These 2 items are required so that the same instrument may be 
utilized should reproduction of the test be necessary due to 
unsatisfactory readingslinstrument miscalibration. 

Ground resistance readings obtained at various test distances. 
Ground-resistanceldistance cuwe. --  - -- -- - 

Value of Grounding Electrode Resistance at knee of curve. 
Sketch showing setup of instrumentation and location of grounding 
electrode and test probes. 
Proposed method to achieve the specified resistance, should an 
unacceptable reading be obtained. 
Ground resistance readings obtained (if applicable) after modifications 
incorporated. 

__ - -  

GROUND ENHANCEMENT MATERIAL 

Where indicated on the Drawings or as deemed necessary by the Contractor to 
achieve design grounding electrode system resistance, a ground enhancement 
material shall be utilized, in accordance with manufacturer's recommendations. 

The ground enhancement material must be permanent and maintenance free (no 
recharging with salts or chemicals which may be corrosive) and maintain its earth 
resistance for the life of the system. It must set up firmly and not dissolve or 
decompose, or otherwise pollute the soil or local water table. The material shall be 
capable of being applied dry or in a slurry form, and shall reduce resistance by at 
least 40 percent. 
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C. Basic components of this material shall be carbon, hydraulic cements, and hydrous 
aluminum silicates. Minimum 4-inch diameter holes shall be used with ground rod 
installations, with depth 6" shorter than length of rod, completely filled with the 
material. Trenches for grounding electrode conductor shall also utilize this material 
the full length from electrode to building, in accordance with manufacturer installation 
recommendations, except trench depth shall allow buried conductor to be at least 2'- 
6" deep. 

D. Ground enhancement material shall be GEM by Erico Products, or equal. 

END OF SECTION-16060 
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SECTION 16070 
SUPPORTING DEVICES 

PART 1 - GENERAL 

1.01 SCOPE OF WORK 

All electric equipment shall be rigidly mounted, and installed using supporting devices 
as indicated on the Contract Drawings, as required by the work, and described 
herein. 

PART 2 - PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

“Cooper B-Line,” “Unistrut,” or equal. 

2.02 MATERIALS 

A. All mounting brackets and strut used outside shall be aluminum. Fasteners used to 
mount equipment outside shall be stainless steel. The only exception to the above 
shall be anchor bolts for area lightpoles which shall be allowed to have galvanized 
threads and galvanized nuts. 

6.  All mounting brackets and strut used inside in dry locations shall be galvanized or 
aluminum, if galvanized is used, then the cut ends shall be cold galvanized and 
painted. Fasteners used inside to mount equipment into concrete shall also be 
stainless steel. Ungalvanized strut is prohibited. 

PART 3 - EXECUTION 

3.01 ANCHORING CABINETRY 

All free standing equipment shall be anchored to its foundation using expansion’ bolts 
of the size and number recommended by the equipment manufacturer. 

3.02 SEISMIC CONSIDERATIONS 

Where required, seismic restraints shall be provided for electrical equipment. 

END OF SECTION-16070 
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SECTION 16075 
ELECTRICAL I DENTI F ICATl ON 

PART I - GENERAL 

1.01 EQUIPMENT LABELING 

A. All starters, feeder units in panel boards, switchboards, disconnects, instruments, etc. 
Shall be marked to indicate the motor, outlet, circuit they control. Marking is to be 
done with engraved laminated nameplates and shall bear the designation shown on 
the Contract Drawings where this information is given. Nameplates shall be fastened 
to equipment with stainless steel screws, minimum of one each side. In no way shall 
the installation of mounting screws void the NEMA enclosure rating of the equipment 
in which they are installed. If there are more than one identical unit, they shall be 
given consecutive numbers or other descriptions as designated by the Engineer. 
Nameplate background color shall be white, with black engraved letters, unless 
otherwise noted. 

B. Branch circuits in lighting panels shall be typed on a card suitable for the card frame 
furnished with the panel. The card shall bear the panel designation listed on the 
Contract Drawings where this information is given, as well as indicate what each 
circuit controls. 

C. Furnish and install “Authorized Personnel Only” signs by doors into all power 
distribution equipment rooms/buildings. Furnish and install other signs as indicated 
on the Contract Drawings. 

D. See Section 1671 0, Communication Systems, and 16900, controls for additional 
labeling requirements. 

1.02 LOCATING UNDERGROUND UTILITIES 

Plastic tape bearing the general notation of “buried electric service” or “buried high 
voltage cable” shall be placed in trenches with backfill about 12 inches below finished 
grade on all medium voltage underground conduit runs, and on others as indicated on 
the Contract Drawings. 

PART 2 - PRODUCTS 

Not applicable 

PART 3 - EXECUTION 

Not applicable 

END OF SECTION-I 6075 
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SECTION 16120 
CONDUCTORS AND CABLES 

Section 161 20 
Conductors and Cables 

PART I - GENERAL 

1.01 SCOPE OF WORK 

Wire and cable shall conform to the latest requirements of the NEC and shall meet all 
ASTM/UL specifications. Wire and cable shall be new; shall have size, grade of 
insulation, voltage rating and manufacturer’s name permanently marked on the outer 
covering at regular intervals. Complete descriptive literature shall be submitted to the 
Engineer for review and acceptance prior to installation. 

1.02 DELIVERY, STORAGE AND HANDLING 

Wire and cable shall be suitably protected from weather and damage during storage 
and handling and shall be in first class condition when installed. 

PART 2 - PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Building Wire (types “THWN” and “THW-cu.) - “American,” “Carol,” or equal. 

B. Instrumentation Cables (Shielded) 600V mx. - “American,” “Belden,” “Okonite,” or 
equal. 

2.02 MATERIALS 

A. General 
I. 

2. 

In general, all conductors shall be 98 percent conductive, annealed copper 
unless otherwise noted on the Contract Drawings. 
Conductors shall be type THW or THWN insulation. Conductor size shall be 
AWG (American Wire Gauge) Standard. Minimum conductor size shall be 
AWG number 12 except branch circuits in excess of 75 feet from panel to first 
outlet not smaller than no. 10 AWG. Minimum voltage rating shall be 600 volts. 
Conductors for small power may be solid (Le. lighting, receptacles), but 
conductors for control work shall be stranded. 
Conductors with high temperature rated insulations and special construction 
shall be used where required in connecting to light fixtures or appliances that 
have special requirements. 

3. 

PART 3 - EXECUTION 

3.01 INSTALLATION/APPLICATlON/ERECTlON 
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Conductors and Cables 

A. General 
1. Conductors shall be continuous from outlet to outlet and no splices shall be 

made except accessible in junction or outlet boxes. Wire connectors of 
insulating material or solderless pressure connectors, properly taped, shall be 
used for all splices in wiring, wherever possible. 
Conductors shall be color coded in accordance with the following schedule: 2. 

Phase A 

Phase B 

Phase C 

Neutral 
(Grounded) 

3-Way 
Tr 
ac 
er 
S 

Grounding 

208/240V 120/240, Single 
3 Phase Phase 

Black Black 

Red 

Blue 

White or Light 
Gray 

Green 

Red 

White or Light 
Gray 

Blue 

Green 

Remote 
Energized 

Conductors 
(Control) 

Control 

3. Conductors shall 

Std. Code 

be pulled into 

Yellow 

raceways in strict accordance with 
manufacturer’s recommendations. 

4. Ample slack conductors shall be allowed at each terminal point, and pull or 
junction box, to permit installation with ease and without crowding. 

5. All conductors terminating at terminal blocks shall be identified with numbers 
and/or letters identical to circuit or control identification. 

6. No conductors shall be drawn into conduits until all work which may cause wire . or cable damage is completed. Wire pulling shall be accomplished utilizing 
machinery and accessories intended for the purpose. 

7. All connections and splices shall be made in accordance with conductor 
manufacturer’s recommendations, and as written herein. 

8. In general, feeder sizes shown are based on no more than three current 
carrying conductors in a conduit. Multiple small branch circuit feeders may be 
combined in a common conduit, provided conductors are derated in accordance 
with NEC article 31 0-1 5. 
Unless otherwise specifically indicated, neutrals may not be shared. 9. 
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B. Feeders 
1. All feeders are of the secondary type, below 600 volts, unless otherwise noted. 

The Contractor shall furnish and install all feeders from the distribution center(s) 
to each of the other structureslsub panels as shown on the Contract Drawings. 
Wire shall be factory color coded for each phase and neutral, with green used 
for the ground conductor. As far as practical, all feeders shall be continuous 
from origin to panel termination without running splices in intermediate pull 
boxes. 

2. 

END OF SECTION-I 61 20 
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SECTION 161 30 
RACEWAYS 

PART I - GENERAL 

1 . O l  SCOPE OF WORK 

A. This section of the Technical Specifications includes all raceways for accommodation 
of electrical conductors, communications conductors, sleeves for underground 
electrical installations, conduit stubs for future installations, fittings therefore and 
accessories. 

B. All raceways shall be marked with the manufacturer’s name or trademark as well as 
type of raceway and size. This marking shall appear at least once every 10 feet and 
shall be of sufficient durability to withstand the environment involved. All raceways 
shall be furnished and installed as outlined under Part 3 of this Specification. 

C. All raceways and fittings shall be painted to match existing or surrounding surfaces 
except in mechanical spaces. 

PART 2 - PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Tubular Raceways 
I. Steel, Galvanized, Rigid, Heavy-Wall, Threaded - “Wheatland Tube Co.,” 

“Thomas and Betts,” “Allied Tube & Conduit Corp.,” or equal. 
2. Steel, Galvanized, Thin-Wall, Electric-Metallic-Tubing (EMT) - “Wheatland 

Tube Co.,” “Thomas and Betts,” “Allied Tube & Conduit Corp,.” or equal. 
3. Plastic (PVC); Type A (Thin Wall); Type 40 (or Schedule 40); Type 80 (or 

Schedule 80) (Heavy -Wall) - “Allied Tube & Conduit Corp.,” “Carlon,” or equal. 
4. Flexible Metal Conduit - “Thomas and Betts,” “Allied Tube & Conduit Corp,” or 

equal. 
5. Liquidtight Flexible Metal Conduit - “Thomas and Betts,” “Allied Tube & Conduit 

Corp.” “Carlon,” or equal. 

B. Surface Metal raceways - “Panduit,” “Wiremold,” “Walker,” or equal. 

C. Wireways - “Square-D,” “Hoffman,” or equal. 

D. Raceway Fittings 
I. 
2. 
3. Surface metal raceway fittings and fasteners shall be provided by the 

Conduit fittings - “Crouse-Hinds,” “Appleton,” “OZ Gedney,” or equal. 
Non-metallic conduit fittings - “Carlon,” or equal. 

manufacturer of the raceway. 
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2.02 MATERIALS 

A. Rigid Steel Conduit 

Rigid steel conduit and fittings shall be of mild steel piping, galvanized inside and out, 
and shall conform to UL standards. The conduit and fittings shall be listed and 
labeled by UL as well. It shall have an accurate circular cross section, a uniform wall 
thickness, and a continuously welded seam. The interior and exterior surfaces shall 
be thoroughly and evely coated with zinc using the hot-dip galvanizing process, so 
that metal-to-metal contact and galvanic protection against corrosion are provided. A 
clear coating of zinc chromate shall also be applied. Galvanizing shall be applied to 
the conduit threads as well. Each piece of conduit shall be straight, free from blisters 
and other defects, cut square, and taper reamed. It shall be delivered with plastic 
protectors on the threads. 

B. Polyvinylchloride (PVC) Conduit 

PVC conduit and fittings shall be Schedule 40, 80 heavy wall, or thinwall, as indicated 
in these Specifications manufactured to conform to UL standards. It shall be listed 
and labeled by UL. It shall have at least the same temperature rating as the 
conductor insulation. Expansion joints shall be used as recommended by the 
manufacturer in published literature. PVC systems shall be 90 degrees Celsius 
minimum UL rated, have a tensile strength of 7,000 psi @ 73.4 degrees Fahrenheit, 
flexural strength of 11,000 psi and compressive strength of 8,000 psi. 

Steel Electrical Metallic Tubing shall be manufactured from mild steel tube. It shall 
have an accurate circular cross section, a uniform wall thickness, a defect free interior 
surface, and continuously welded seams. The exterior surface shall be thoroughly 
and evenly coated with zinc using an inline galvanizing process, so that metal-to- 
metal contact and galvanic protection against corrosion are provided. Additionally, the 
exterior shall be protected by a clear zinc chromate coating. The interior surface shall 
be coated with organic lubricating coating to reduce friction during wire insertion and 
retard corrosion. 

D. Flexible Conduit 

Flexible metallic conduit shall be constructed from flexibly or spirally wound elecro- 
galvanized steel. Connections shall be by means of galvanized malleable iron 
squeeze type fittings, or tomic twist-in type in sizes not exceeding 3/4 inch. 
Liquidtight conduit shall be light gray in color and have sealtight fittings, type UA. 

E. PVC Coated Rigid Conduit 

PVC coated rigid conduit shall be hot dip galvanized prior to PVC coating. All 
threads shall be galvanized. The exterior galvanized surface shall be coated with a 
primer prior to PVC coating to insure adhesion. The bond on conduit and fittings shall 
be greater than the tensile strength of the plastic coating. The PVC coating on the 
exterior of the conduits shall be applied by a plastisol dip method to a nominal 
thickness of 40 mils, minimum. The interior of the conduit and fittings, and threads 

CDP Project 07028 161 30-2 

1 .  
I 
I 
I 
I 
I 
i 
I 
! 

- 1  
I 
I 
I 
I 
I 
I 
I 

- I  
I 



SKRECC Corporate Offices 
Somerset, Kentucky 

Section 161 30 
Raceways 

, 

shall be painted with a urethane coating. The coating shall allow flexibility for field 
bending without cracking. PVC sleeves shall be formed at each female opening, with 
the inside diameter of the sleeve matching the outside of the conduit. 

F. Conduit Fittings 
1. Rigid Steel Conduit Fittings 

a. Standard threaded couplings, locknuts, bushings, and elbows made only 
of steel or malleable iron are acceptable. Integral retractable type IMC 
couplings are acceptable also. 

b. Locknuts: Bonding type with sharp edges for digging into the metal wall of 
an enclosure. 

c. Bushings: Metallic insulating type, consisting of an insulating insert 
molded or locked into the metallic body of the fitting. Bushings made 
entirely of metal or nonmetallic material are not permitted. 
Erickson (union-type) and set screw type couplings: Approved for use in 
concrete are permitted or use to complete a conduit run where conduit is 
installed in concrete. Use set screws of case hardened steel with hex 
head and cup point to firmly seat in conduit wall for positive ground. 
Tightening of set screws with pliers is prohibited. 

Only material of steel or malleable iron is acceptable. 
Couplings and connectors: Concrete tight and rain tight, with connectors 
having insulated throats. Use gland and ring compression type couplings 
and connectors for conduit sizes 2-inches and smaller. Use set screw 
type couplings with four set screws each for conduit sizes over 2-inches. 
Use set screws of case hardened steel with hex head and cup point to 
firmly seat in wall of conduit for positive grounding. 
Indent type connectors or couplings are prohibited. 
Die-cast or pressure-cast zinc-alloy fittings or fittings made of “pot metal” 
are prohibited. 

d. 
’ 

2. Electrical Metallic Tubing Fittings 
a. 
b. 

c. 
d. 

3. Expansion and Deflection Couplings 
a. Accommodate 0.75 inch deflection, expansion, or contraction in any 

direction, and allow 30 degree angular deflections. 
b. Include internal flexible metal braid sized to guarantee conduit ground 

continuity and fault currents in accordance with UL, and the NEC code 
tables for ground conductors. 

c. Watertight, seismically qualified, corrosion-resistant, threaded for and 
compatible with rigid or intermediate metal conduit. 

d. Jacket: Flexible, corrosion-resistant, watertight, moisture and heat 
resistant molded rubber material and stainless steel jacket clamps. 

PART 3 - EXECUTION 

3.01 PREPARATION 

Exterior underground metallic conduits shall be degreased, pretreated, and coated 
with 2 coats of Carboline 888 epoxy, or equal. 

3.02 I N STAL LAT I 0 N 
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A. Conduit 
1. All conduit shall be installed in a first class workmanship manner. It shall be 

installed in horizontal and vertical runs in such a manner as to ensure against 
trouble from the collection of trapped condensation and shall be arranged so as 
to be devoid of traps wherever possible. Special care shall be used in assuring 
that exposed conduit runs are parallel or perpendicular to walls, structural 
members, or intersections of vertical planes and ceilings. No open wiring is 
allowed. 
Fittings or symmetrical bends shall be required wherever right angle turns are 
made in exposed work. Bends and offsets shall be avoided wherever possible, 
but where necessary, they shall be made with an approved conduit bending 
machine. All conduit joints shall be cut square, reamed smooth and drawn up 
tight, using couplings intended for the purpose. 
Conduits shall be securely fastened to all sheet metal outlets, junction and pull 
boxes with double galvanized locknuts and insulating-grounding bushings as 
required by the NEC. Conduit crossings in insulating roof fill will require both 
conduits to be secured to the roof deck, and these crossings can only be made 
where the insulating fill is a minimum of 3 inches deep. Runs of exposed 
conduit shall be supported in accordance with the NEC using cast aluminum or 
malleable iron one hole pipe straps with spacers to provide an air space behind 
the conduit. All conduit in walls and slabs shall be securely braced, capped, 
and fastened to the forms to prevent dislodgement during vibration and pouring 
of concrete . 
During construction, all conduit work shall be protected to prevent lodgement of 
dirt, plaster or trash in conduits, fittings or boxes. Conduits which have been 

-__ _ _ _ - ~ _ _ _ _  __ -plugged-shall-be-entirely-freed-of-accumulations-or-be-replaced. All-conduits-in 
floors or below grade shall be swabbed free of debris and moisture before wires 
are pulled. Crushed or deformed conduit shall not be permitted. 
The final section of conduit connecting each motor or piece of utilization 
equipment subject to vibration shall be of the flexible type. Type “UA shall be 
used in all process areas and in outdoor or wet locations. Flexible conduit to 
space heaters shall be long enough to allow swivel action. 

6. All underground conduits entering a building shall be sealed against 
waterkondensate entering around the conductors. Sealant may be silicone 
rubber based caulk. 
Conduit expansion fittings shall be provided in exposed vertical conduit runs 
between underground transition and termination into an exterior enclosure or 
LB fitting. Expansion fittings shall also be provided in all exposed exterior 
conduit lengths of more than 50ft. 
Conduits to electrical enclosures installed below grade shall be sealed using 
silicone elastomer foam. 
All conduit work in the finished space of each new structure shall be concealed 
except for conduits in open joist ceilings, or excepted as noted on the Contract 
Drawings. Conduits entering from underground into buildings shall be watertight 
through the wall, both inside and outside. 

10. PVC conduit installed underground for low voltage application shall be schedule 
40 without encasement, except service entrance conduits shall be schedule 40 
PVC and shall be concrete encased. Where PVC conduit is installed, transition 
shall be made to GRS conduit at bends where wire pulling could cut conduit. 
Long radius GRS sweeps shall be used at pad mounted transformers and utility 
riser poles. 

2. 

3. 

4. 

5. 

7. 

8. 

9. 
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11. Conduit stubs, for future use, extended through outside walls shall be capped 
with threaded pipe caps and coated to prevent corrosion. Stubs shall extend 5 
feet beyond the walls from which they are stubbed unless otherwise indicated 
on the Contract Drawings. 

12. All metal raceway systems shall be grounding conductive, solidly bonded 
throughout and grounded in accordance with NEC requirements and/or as 
noted on the Contract Drawings. In addition, all raceway systems shall be 
provided with separate grounding conductors. 

13. Minimum conduit size shall be % inch. The following table shows the minimum 
burial depth required for all exterior conduit or cable: 

Primary Conduits 42” 

Schedule 80 PVC or Schedule 40 PVC 30” 
Schedule 40 PVC, thinwall, or fiberduct, 
Concrete 
Encased (for low voltage service entrance) 

Rigid Metal Conduit 1 8  

I 8” 
Maximum conduit burial depth shall be 60” unless otherwise indicated or 
agreed on a case-by-case basis. 

14. Wire pulling shall be facilitated by the use of a UL approved pulling compound 
in pulls over 30 feet in length or where there are 2 or more 90 degree bends. 
Only polypropylene, nylon, or manila pulling ropes will be permitted. Standard 
industry recognized wire pulling equipment shall be used. 

15. Areas of use for each type of conduit: 

Space 
Description 

Interior Finished 
Spaces 
(Concealed 
Only) 
Interior Finished 
Spaces 
Exposed 
(Where 
Specifically 
Indicated Only) 
Electrical Rooms 
Mechanical 
Rooms 
(HVAC/Plum bing 

Underground- 
Concrete 
Encased 
Exterior 
Underground- 
Direct Bury 

40 PVC 

~ 

X 

3RS 

X 

X 

X 

X 

X 

X 

X 
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16. Underground raceways (conduit) shall be concrete encased where they pass 

17. All conduit shall have an insulated ground wire pulled to all equipment and 

18. EMT conduit fittings under 2 shall be compression type. 
19. All raceway runs are shown diagrammatically to outline the general routing of 

the raceway. The installation shall be made to avoid interference with pipes, 
ducts, structural members or other equipment. Should structural or other 
interference prevent the installation of the raceways, or setting of boxes, 
cabinets, or the electrical equipment, as indicated in the Drawings, deviations 
must be approved by the Owner, and after approval, shall be made without 
additional charges and shown on the Record Drawings. 

20. Fire Stop: Where conduits, wireways, and other electrical raceways pass 
through fire partitions, fire walls, smoke partitions, or floors, install a fire stop 
that provides an effective barrier against the spread of fire, smoke and gases, 
with rock wool fiber or silicone foam sealant only. Completely fill and seal 
clearances between raceways and openings with the fire stop material. 

21. Assure conduit installation does not encroach into the ceiling height head room, 
walkways, or doorways. 

22. No conduit shall be run exposed across roofs without first obtaining permission 

23. Conduit may be run inside concrete slabs as long as the slab is at least 6- 
inches thick and conduit will have at least 2-inches of cover on both sides. 

24. Flexible conduit used in mechanical rooms shall be liquid tight. 
25. Runs of flexible conduit above accessible ceilings shall be limited to 10 ft. Runs 

__-  - - -  - - of exposed flexible conduit-shall be limited-to 5-ft. All runs of flexible conduit- 
shall be supported in accordance with NEC requirements. 

over or under obstructions, such as: sidewalks; roadways; piping; etc. 

receptacles. 

' from the Engineer. 

END OF SECTION - 16130 
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SECTION 161 31 
BOXES 

PART 1 - GENERAL 

I .01 SCOPE OF WORK 

Outlet and junction boxes shall be furnished and installed where indicated on the 
Contract Drawings, and\or as required by the work in accordance with the NEC. 

PART 2 - PRODUCTS 

2.01 

A. 

B. 

2.02 

A. 

B. 

C. 

D. 

2.03 

A. 

ACCEPTABLE MANUFACTURERS 

Boxes - “Wiegmann,” “Appleton,” “Raco,” “Crouse-Hinds,” “Hoffman,” “Robroy 
Industries,” “Cloud Concrete Products,” “Spring City,” “Carlon,” or equal. 

Floor Boxes, Fittings, Poke-throughs - “Walker,” “Hubbell”, “OZ Gedney,” or equal. 

GENERAL 

All junction and/or pull boxes for dry (non-corrosive) areas shall be of code gauge sheet 
metal construction, of the inside dimensions as required by code, with covers. 

Junction and/or pull boxes for wet or damp locations shall be cast metal, rust and 
corrosion resistant (NEMA 4X), with at least 5-1/2 full threads for each (bossed) conduit 
opening, and Shall be suitable for flush or surface mounting as required with drilled 
external, cast mounting extensions (bossed to provide at least 118” between back of box 
and mounting surface for drainage). Box covers shall be hinged or cap screw retained 
as required, of the same material as the box and provided with stainless steel (rustproof) 
hardware. 

Junction boxes for out-of-doors use, not mounted in concrete may be sheet metal, NEMA 
3R, rain and sleetproof, with hinged covers and latches, provided with a means of 
locking. 

Underground junction or pull boxes shall be constructed of reinforced concrete cast-in- 
place or pre-fabricated as detailed on the Contract Drawings. 

FLOOR BOXES 

Floor boxes shall have been examined and tested by Underwriters Laboratories Inc. to 
Standard UL514A and/or UL514C and Canadian Standard C22.2, No. 18-92 and bear 
the U.S. and Canadian UL Listing Mark. This floor box shall also conform to the 
standards set in the National Electrical Code, Section 300-21. This floor box shall also 
have been evaluated by UL to meet applicable U.S. and Canadian safety standards for 
scrub water exclusion when used on tile, terrazzo, wood, and carpet covered floors. 
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B. The floor box shall be manufactured from stamped steel and be approved for use on 
above grade floors. The box shall be 13 1/8” L x 6 % W x 3 7/16 ‘ I  H. There shall be two 
independent wiring compartments that allow capacity for up to two duplex receptacles and/or 
communication services. The box shall permit tunneling from end power compartment to end power 
compartment. Each of the two compartments shall have a minimum wiring capacity of 50 cu in. The 
box shall provide the following number of conduit knockouts: two %”, six %”, two 1” and four 1 W .  
The box shall be fully adjustable, providing a maximum of 1 3/8” pre-pour adjustment, and a 
maximum of %” after-pour adjustment. The box shall provide a series of device mounting plates that 
will accept both duplex power devices, as well as plates that will accommodate Ortronics 
workstation connectivity outlets and modular inserts, the Pass & Seymour Network Wiring System, 
and other open system devices. 

C. Activation covers shall be manufactured of die-cast aluminum or die-cast zinc, and be 
available in a brushed aluminum finish, plated brass finish, or a powder-coated paint 
finish. Activation covers shall be available in flanged and flangeless versions. Covers 
shall be available with options for tile or carpet inserts, flush covers, or covers with one I” 
trade size screw plug opening and one combination 1 W and 2” trade size screw plug 
openings for furniture feed applications. The activation cover shall have been evaluated 
by UL to meet the applicable U.S. and Canadian safety standards for scrub water 
exclusion when used on tile, terrazzo, wood, and carpet covered floors. 

D. The floor box manufacturer shall provide a complete line of faceplates and bezels to 
facilitate mounting of UTP, STP, fiber optic, coaxial, and communication devices. The 
box shall provide a series of device mounting plates that will accommodate Ortronics 
workstation connectivity outlets and modular inserts, the Pass and Seymour Network 

___ __ - __---.--WiringSystem, and-other open system devices. - ~ __ - - - __ 

E. The box shall contain four locations to accommodate leveling for pre-concrete pour 
adjustment and shall provide four leveling screws for the pre-pour adjustment. 

F. Floor boxes shall be Walker RSB series, or equal. 

2.04 FIRE-RATED POKE-THROUGH 

A. The fire rated poke through fitting shall be capable of combining power, data and 
communications in a single flush mounted fitting. It shall be UL listed for fire resistance 
in I , 12, and 2-hour rated floors. Surfaces of finished space components shall be ivory, 
gray, brown, and black. (Color selection per submittal review) Each unit shall install in a 
3-inch diameter core-drilled hole and be adjustable to accommodate floor thickness from 
2-1/4 to 7 inches. Carpet flange shall be die-cast aluminum. A phenolic insulator shall 
barrier low voltage from power. A stationary and adjustable expanding fire barrier shall 
both be included in the fitting. The fitting shall have a 1 inch conduit and box with cover 
included. 

B. Fittings shall be set up for furniture feed or prewired for power, data and 
communications, as described in the Contract Drawings. An abandonment plate shall be 
available to blank off unneeded or future use fittings. Installation shall be per 
manufacturer’s recommendations. 
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PART 3 - EXECUTION 

3.01 I NSTALLATION , APPLl CAT1 ON, AND ERECTION 

A. General 
1. Outlets shall be installed in the locations shown on the Contract Drawings. The 

Contractor shall study the general building plans in relation to the space 
surrounding each outlet, in order that his work may fit the other work required by 
these Specifications. When necessary, the Contractor shall relocate outlets so 
that when fixtures or other fittings are installed, they will be symmetrically located 
according to room layout and will not interfere with other work or equipment. 

2. All supports for outlet boxes shall be furnished and installed by the electrical 
trades. 

B. Concealed Work 
I. All outlet boxes shall be standard galvanized steel type at least 12 inches deep, 

single or gang type of size to accommodate devices shown. Exceptions shall be 
noted on the Contract Drawings. 
Standard deep type outlet boxes (concrete rings with appropriate covers) shall be 
used in floor slab construction so concealed conduits entering sides of boxes can 
clear reinforcing rods. 
Outlet boxes for concealed telephone and signaling systems shall be the 4-inch 

Boxes for use in masonry construction shall be 22 inches deep for 4-inch block 
and 32 inches deep for 6- and 8-inch block. Through wall boxes are prohibited for 
outlets opposite each other. 

2. 

3. 

4. 
. square type, unless otherwise noted or required by the telephone company. 

C. Exposed Work 
1. 

2. 

3. 

Outlet or junction boxes for use with exposed steel conduit shall be cast steel. In 
dry areas sheet steel with rounded corners, made for the purpose. 
Outlet or junction boxes for use with exposed aluminum conduit shall be copper 
free, cast aluminum type. 
Outlet or junction boxes for use with exposed PVC conduit shall be PVC. 

D. Pull Boxes 

Pull boxes for exterior underground work are shown on the Contract Drawings and are 
the minimum number required. Others may be added at the Contractor’s option, but no 
extra pay shall be allowed. Interior pull boxes are not shown but shall be used as 
needed. Pull box types are as follows: 

Exterior - Per detail on the Contract Drawings. 

Interior - Interior pull boxes in dry areas shall be of code gauge steel of not less than the 
minimum required by the NEC and shall be provided with hinged covers. In wet areas or 
pipe galleries, they shall be rated watertight, of stainless steel, cast aluminum, PVC, 
fiberglass, or equal. Hardware shall be stainless steel. 
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E. Openings in Electrical Boxes 

All openings in electrical equipment, enclosures, cabinets, outlet and junction boxes shall 
be by means of welded bosses, standard knockouts, or shall be sawed, drilled, or 
punched with tools specially made for the purpose. The use of a cutting torch is 
prohibited. Unused openings shall be plugged per the NEC. 

END OF SECTION - 161 31 
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Wiring Devices 

PART 1 - GENERAL 

1 . O l  SCOPE OF WORK 

A. Wiring devices shall be installed where indicated on the Contract Drawings. 

PART 2 - PRODUCTS 

2.01 

A. 

2.02 

A. 

B. 

C. 

ACCEPTABLE MANUFACTURERS 

“Hubbell,” “Bryant,” “Eagle,” “Wiremold,” “P&S,” “Leviton,” “Daniel Woodhead,” or 
equal. 

EQUIPMENT 

General 
1. Sump pumps, packaged air conditioners, and other specialty cord and plug 

devices shall be equipped with the proper cord and plug for receptacles. 

Receptacles 
1. 

2. 

3. 

4. 
5. 

Twin-convenience - outlet (interior) - “Hubbell” cat. no. HBL-5362 ( “ I ”  for ivory), 
or equal. 
Twin-convenience - weatherproof outlet (interior) - “Hubbell” cat. no. HBL-5362 
( “ I ”  for ivory) with HBL-5221 or equal cover. 
Twin-convenience - weatherproof outlet (exterior) - “Hubbell” cat. no. HBL- 
5362 (T for ivory) with “Taymac” cat. no. MX3200, or equal cover. 
Special purpose outlet - Per equipment requirements. 
Ground fault interrupting receptacles shall be required where shown on the 
Contract Drawings, and shall be indicated by the abbreviation “GFI” beside the 
circuit symbol on the Contract Drawings. They shall be rated 20 amps (125 
volts) and shall be of the duplex, feed through type, capable of protecting all 
downstream receptacles on the same circuit. They shall be UL listed and 
interrupt the current between 4-6 milliamps of ground fault leakage. 
Appropriate plates shall be furnished and installed. The 20 ampere rating shall 
apply not only to device internals but to the faceplate as well. GFI receptacles 
shall be “Hubbell” cat. no. GFR8300HIL, or equal. 

Plates and Covers 
1. 

2. 

Furnish and install plates of the appropriate type and size for all wiring and 
control devices, signal and telephone outlets. 
All plates on flush mounted boxes shall be of high impact smooth nylon. Plates 
on surface mounted boxes shabby be of 302 stainless steel (nonmagnetic) with 
rounded or beveled edges, except where weatherproof covers are indicated. 
All device plate screws shall be nylon or stainless steel with countersunk heads. 
Plates shall be installed vertically and with an alignment tolerance of 1/16 inch. 
Device plates shall be of the one-piece type, of suitable shape for the devices 
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to be covered. Plates shall have a smooth finish with no crevices to collect dirt. 
Oversize plates are not acceptable. 
Covers for boxes serving equipment where flexible conduit is to be tapped into 
cover plates shall be sheet metal drilled for conduit. Gaskets shall be required 
as well as all special adapters for mounting. 

3. 

D. Wall Switches (Tumbler Type) 
1. 
2. 

3. 
4. 

5. 
6. 

Single pole (interior) - “Hubbell” cat. no. HBL-1221 (“I” for ivory), or equal. 
Single pole (weatherproof) - “Hubbell” cat. no. HBL-1221 (‘T’ for ivory), or 
equal, and HBL-4795 or equal plate. 
Three-way (interior) - “Hubbell” cat. no. HBL-1223 (“I” for ivory), or equal. 
Three-way (exterior) - “Hubbell” cat. no. HBL-I223 (“I” for ivory), or equal, and 
HBL-1795 or equal plate. 
Four-way (interior) - “Hubbell” cat. no. HBL-1224 (‘‘1’’ for ivory), or equal. 
Four-way (exterior) - “Hubbell” cat. no. HBL-1224 (“I” for ivory), or equal, and 
HBL-1795 or equal plate. 

PART 3 - EXECUTION 

3.01 INSTALLATION/APPLICATION/ERECTION 

A. Wall Switches 
1. Wall switches shall be mounted at a height as indicated in Section 16050, 

unless otherwise noted on the Contract Drawings. 

B. Receptacles 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Outlets shall be located as shown on the Contract Drawings. Where located in 
special interior finishes, they shall be properly centered. Boxes shall be of the 
type noted and accepted for the specific installation. 
Furnish and install receptacle circuits where called for on the Contract Drawings 
and/or by these Specifications. Circuits shall be installed in conduit from panel 
to receptacle, with flush mounted boxes except as noted on the Contract 
Drawings. 
Receptacles and lighting circuits shall not be combined on the same 
overcurrent device. For runs over 75 feet or for 30 amp receptacles, minimum 
wire size shall be AWG No. 10. 
Receptacles for specific devices (Le., air conditioner), shall be rated at the 
correct voltage and amperage for that unit. 
The minimum free length of conductor at each box for the connection of a 
fixture, switch or receptacle shall be 8 inches. All connections shall be made 
mechanically and electrically secure. 
Receptacles shall be duplex type, rated at 20 amps, 125 volts, ivory colored, 
unless otherwise noted. Mounting height shall be as specified for low outlets in 
Section 16050, unless otherwise indicated. All receptacles shall be of the 
grounding type. 
Receptacles at medium or high mountings shall be mounted so that the 
grounding slot is below the neutral and hot. All other receptacles shall be 
mounted with the grounding slot above the neutral and hot. 
Exterior weatherproof receptacles shall be weatherproof while in use. This 
requirement shall apply on all outdoor units, indoor weatherproof receptacles 
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for specific equipment (Le., metering pump) and on others as indicated on the 
Drawings. To meet this requirement, appropriate metal safety outlet covers as 
manufactured by Taymac Corporation, Intermatic, or equal shall be utilized in 
these areas. 

END OF SECTION 16140 
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SECTION 16280 
INTEGRATED TRANSIENT VOLTAGE SURGE SUPPRESSORS (TVSS) 

PART 1 - GENERAL 

I . O l  . I  SCOPE OF WORK 

A. This section describes the materials and installation requirements for integrated 
transient voltage surge suppression devices (TVSS), also referred to as a surge 
protective device. These devices are used to protect AC electrical circuits from the 
effect of lightning induced currents, substation switching transients and internally 
generated transients resulting from inductive and or capacitive load switching. 

1.02 REFERENCES 

A. UL 1449 Second Edition 2005 - Transient Voltage Surge Suppressors 

B. UL 1283 - Electromagnetic Interference Filters 

C. ANSVIEEE C62.41.1-2002 - IEEE Guide on the Surge Environment in Low Voltage 
( I  000 V and Less) AC Power Circuits; C62.41.2-2002 - IEEE Recommended Practice 
on Characterization of Surge Voltages in Low Voltage AC Power Circuits; and 
C62.45-2002 - IEEE Recommended Practice on Surge Testing for Equipment 
Connected to Low-Voltage AC Power Circuits. 

D. NEC 2005, Article 285 

PART 2 - PRODUCTS 

2.01 TRANSIENT VOLTAGE SURGE SUPPRESSION DEVICE 

A. Integral Transient Voltage Surge Suppressors 
1. 

2. 

TVSS shall be Listed in accordance with UL 1449 Second Edition 2005 and UL 
1283, Electromagnetic Interference Filters. 
Integrated surge protective devices (SPD) shall be Component Recognized in 
accordance with UL 1449 Second Edition, Revision 2/9/2005 Section 37.3 and 
37.4 at the standard’s highest short circuit current rating (SCCR) of 200 Ka, 
including intermediate level of fault current testing that will be effective 
2/9/2007. 
TVSS shall be tested with the ANSMEEE Category C High exposure waveform 

TVSS shall provide suppression for all modes of protection: L-N, L-GI and N-G. 
The manufacturer of the TVSS shall be the same as the manufacturer of the 
service entrance and distribution equipment in which the devices are installed 
and shipped. Also, this distribution equipment shall be fully tested and certified 
to the following UL standards: 

3. 

4. 
5. 

(20kV-1.2/5Op~, 1 OkA-8/2Op~). 
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UL 67 = Panelboards, 
UL 845 = Motor Control Centers, 
UL 857 = Busway, 
UL 891 = Switchboards, 
UL 1558 = Low Voltage Switchgear. 

6. Recommended TVSS ratings: 
a. Minimum surge current rating shall be 160 kA per phase (80 kA per 

mode) for service entrance and 80 kA per phase (40 kA per mode) for 
distribution applications. 
UL 1449 clamping voltage must not exceed the following: 
VOLTAGE j.AJ 
24011 20 8001400V 800/400V 400V 
208Y/120 400V 400V 400V 
480Y/277 800V 800V 800V 

b. 

Pulse life test: Capable of protecting against and surviving 5000 ANSIIIEEE 
Category C High transients without failure or degradation of clamping voltage 
by more than 10%. 
TVSS shall be designed to withstand a maximum continuous operating voltage 
(MCOV) of not less than 1 15% of nominal RMS voltage. 
TVSS shall be constructed of one self-contained suppression module per 
phase. 
Visible indication of proper TVSS connection and operation shall be provided. 
T heind icator I ig h ts3 halrind i-whichphase as we1 I as which module isful ly 
operable. The status of each TVSS module shall be monitored on the front 
cover of the enclosure as well as on the module. A push-to-test button shall be 
provided to test each phase indicator. Push-to-test button shall activate a state 
change of dry contacts for testing purposes. 

I O .  TVSS shall be equipped with an audible alarm which shall activate when any 
one of the surge current modules has reached an end-of-life condition. An 
alarm on/off switch shall be provided to silence the alarm. The switches and 
alarm shall be located on the front cover of the enclosure. 

7. 

8. 

9. __ - 

1 I. A connector shall be provided along with dry contacts (normally open or 
normally closed) to allow connection to a remote monitor or other system. The 
output of the dry contacts shall indicate an end-of-life condition for the complete 
TVSS or module. 

12. Terminals shall be provided for necessary power and ground connections. 
13. The TVSS shall be equipped with a transient voltage surge counter located on 

the diagnostic panel on the front cover of the enclosure. The counter shall be 
equipped with a manual reset and battery backup to retain memory upon loss of 
AC power. 

2.02 MANUFACTURERS 

Square D/Schneider Electric, Surgelogic.lMA Series, Siemens, Cutler Hammer, or 
equal. 
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PART 3 - EXECUTION 

3.01 I N STALLAT IO N/APP L I CAT1 0 N/ERECTI ON 

Install the TVSS with #6 AWG copper minimum conductors tapped from the electrical 
power distribution system. The conductors are to be as short and straight as 
practically possible and shall not exceed 6 feet in length. The input conductors are to 
be twisted together to reduce the TVSS system inductance. An appropriately sized 
manual safetyldisconnect switch or thermal magnetic clrcuit breaker shall be installed 
before and in line with the TVSS. It shall be capable of electrically isolating the 
TVSS from the electrical service for repair without interrupting service to the building. 
The TVSS shall be installed following the TVSS manufacturer’s recommended 
practices and in compliance with all applicable codes. 

END OF SECTION 16280 
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I 

SECTION 16430 
LOW VOLTAGE SWITCHBOARDS 

PART I - GENERAL 

1.01 

A. 

1.02 

A. 

1.03 

A. 

B. 

C. 

SCOPE OF WORK 

The Contractor shall furnish and install all switchboards as specified herein and as 
shown on the Contract Drawings. All switchboards shall be UL listed. 

REFERENCES 

The switchboard(s) and overcurrent protection devices referenced herein are 
designed and manufactured according to the following appropriate standards. 

1. ANSVNFPA 70 - National Electrical Code (NEC). 
2. ANSIAEEE C12.16 - Solid State Electricity Metering. 
3. ANSI C57.1 3 - Instrument Transformers. 
4. NEMA AB I - Molded Case Circuit Breakers and Molded Case Switches. 
5. NEMA PB 2 - Deadfront Distribution Switchboards, File E8681 
6. NEMA PB 2.1 - Proper Handling, Installation, Operation and Maintenance of 

Deadfront Switchboards Rated 600 Volts or Less. 
7. . NEMA PB 2.2 - Application Guide for Ground Fault Protective Devices for 

Equipment. 
8. UL 50 - Cabinets and Boxes. 
9. UL 98 - Enclosed and Dead Front Switches. 
I O .  UL 489 - Molded Case Circuit Breakers. 
11. UL 891 - Dead-Front Switchboards. 
12. UL 943 - Ground Fault Circuit Interrupters. 
13. Federal Specification W-C-375BIGen - Circuit Breakers, Molded Case, Branch 

Circuit and Service. 

SUBMITTALS 

Shop Drawings shall indicate front and side enclosure elevations with overall 
dimensions shown; conduit entrance locations and requirements; nameplate legends; 
one-line diagrams; equipment schedule; and switchboard instrument details. 

Shop drawings shall be furnished providing the following information: switchboard 
voltage/current ratings, overall outline dimensions including available conduit space, 
switching and protective device amp ratings and frame size; bussing 
dimensionshatings; and one line diagram. Adequate conduit space shall be provided 
to meet NEC requirements. 

Service manuals shall be provided on all equipment and accessories. The service 
manuals shall be bound in 3-ring, looseleaf notebooks. 

PART 2 - PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 
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A. “Square D”, “Siemens”, “Cutler Hammer”, or equal. 

2.02 EQUIPMENT 

A. Low Voltage Switchboard (Front Access Only) 
1. General Construction 

a. 

b. 

C. 

d. 

e. 

f. 

9- 

h. 

I. 

j. 

k. 

1. 

Section 16430 
Low Voltage Switchboards 

All low voltage power distribution equipment shall be by the same 
manufacturer as the motor control equipment. 
The power distribution switchgear shall be of the required number of 
vertical sections bolted together to form one rigid switchboard nominally 
90 inches high incorporating switching and protective devices of the 
number, ratings and type noted herein or as shown on the Contract 
Drawings with all interconnections, instrumentation, and control wiring. 
Sections shall be aligned front and rear. 
Removable steel base channels shall be bolted to the frame to rigidly 
support the entire shipping section for moving on rollers and floor 
mounting. 
The switchboard enclosure shall be painted on all exterior surfaces. The 
paint finish shall be a medium gray, ANSI M9, applied by the electro- 
deposition process over an iron phosphate pre-treatment. 
All front covers shall be screw removable with a single tool and all doors 
shall be hinged with removable hinge pins. 
The bus shall be tin plated aluminum. Plating shall be applied 
continuously to all bus work. The switchboard bussing shall be of 
sufficient cross-sectional area to meet UL Standard 891 temperature rise 
requirements,All-connections-shall-be-tig htly-boIted,For-4-wire-systems, 
the neutral shall be of equivalent ampacity as the phase bus bar. 
Tapered bus is not acceptable. 
Bussing shall include all necessary hardware to accommodate splicing for 
future additions. All unused spaces provided, unless otherwise specified, 
shall be fully equipped for future devices, including all appropriate 
connectors and mounting hardware. Provisions for the addition of future 
sections shall be provided. 
Small wiring, necessary fuse blocks and terminal blocks within the 
switchboards shall be furnished when required. All groups of control 
wires leaving the switchboard shall be provided with terminal blocks with 
suitable numbering strips. All hardware used on conductors shall have a 
high tensile strength and anti-corrosive zinc plating. 
A ground bus Sized per NFPA70 and UL 891 Tables 25.1 and 25.2 shall 
be furnished firmly secured to each vertical section structure and shall 
extend the entire length of the switchboard. A ground lug shall be 
furnished attached to the ground bus in a convenient location. 
The switchboard shall be provided with adequate lifting means and shall 
be capable of being rolled or moved into installation position and bolted 
directly to the floor without the use of floor sills. 
A-B-C-N type bus arrangement, left-to-right, top-to-bottom, and front-to- 
rear; as viewed from the front shall be used throughout. 
Each switching and protective device shall be provided with visible means 
of on-off identification. All terminals shall be of the anti-turn solderless 
type suitable for Cu or AI cable of sizes shown on the Contract Drawings. 

- 
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m. All sections of the switchboard shall be 20 inches deep. All sections of 
the switchboard shall line up front and rear so that the back of the 
complete structure may be placed flush against a wall and the front will 
not have sections protruding into the room different depths. 
Construction shall allow maintenance of incoming line terminations, main 
device connections, and all bus bolted connections to be performed 
without rear access. The feeder or branch devices shall be removable 
from the front and shall be panel mounted with the necessary device line 
and load connections front accessible. 

0. The main horizontal bus bars shall be mounted on glass polyester 
insulators with all 3 phases arranged in the same vertical plane. The 
main bus shall have a maximum ampacity as required and shall be 
braced for short circuits up to 65,000 RMS amps, or as determined by the 
short circuit evaluation specified elsewhere in these Specifications. Main 
bus splices shall be supplied between adjacent distribution sections. 
Vertical sections shall be completely factory assembled, wired, and tested 
before delivery. Design shall meet NEC and NEMA standards as well as 
OSHA requirements. Individual vertical sections shall be designed for 
bolting together at the job site. Thirty-six inch wide switchboard matting 
shall be provided on the floor to run the full length of the switchboard. 

n. 

p. 

2. Circuit Breakers 
a. General 

1. The breakers shall have a quick-make, quick-break over-center 
switching mechanism that is mechanically trip free from the handle 
so that the contacts cannot be held against short circuits or 
abnormal currents. Tripping due to overload or short circuit shall 
be clearly indicated by the handle automatically assuming a 
position midway between the manual on and off positions. All 
poles shall be so constructed that they open, close, and trip 
simultaneously. 

2. Breakers must be completely enclosed in a molded case. 
Interchangeable trip units shall be sealed to prevent tampering. 
Ampere ratings shall be clearly visible. Contacts shall be of non- 
welding silver alloy. Arc extinction must be by means of arc 
chutes, consisting of metal grids mounted in an insulating support. 
The minimum interrupting ratings of the circuit breakers shall be at 
least equal to the available short circuit current at the line 
terminals. Circuit breaker ratings, and modifications, shall be as 
shown on the Contract Drawings. 

4. The breakers shall have adjustable rating plugs to permit 
adjustment of the selected continuous current rating from 70 
percent to 100 percent of the plug nameplate rating to provide the 
closest possible level of overload protection. An interlock in the 
rating plug will trip if an attempt is made to remove the plug with 
the breaker in the “on” position. With the plug removed, the 
breaker cannot be closed. 

3. 

b. Main Circuit Breaker 
1. Electronic Trip Molded Case Standard Function 80% Rated Circuit 

Breaker(s) 
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a. All electronic circuit breakers shall have the following 
timehrrent response adjustments: Long Time Pickup, 
Long Time Delay, Short Time Pickup, Short Time Delay, 
Ground Fault Pickup, Ground Fault Delay and 
Instantaneous settings. Each adjustment shall have 
discrete settings (fully adjustable) and shall be 
independent of all other adjustments. 

b. Circuit breaker trip system shall be a microprocessor- 
based true rms sensing designed with sensing accuracy 
through the thirteenth (13'h) harmonic. Sensor ampere 
ratings shall be as indicated on the Drawings. 

C. Long Time Pickup indication to signal when loading 
approaches or exceeds the adjustable ampere rating of the 
circuit breaker shall be provided. 

a. Molded case circuit breakers shall have integral thermal 
and instantaneous magnetic trip in each pole. 

b. Circuit protective devices shall be molded case circuit 
breaker(s). 

c. Circuit breaker(s) shall be high interrupting, or as required 
to meet the short circuit ratings specified or as determined 
in the short circuit evaluation. Ampere ratings shall be as 
shown on the Drawings. Manufacturer shall include 
published Ip and I2t let-through curves (as required by UL) 
in the Shop Drawings. 

2. Thermal Magnetic Molded Case Circuit Breaker@) 

__ ____.__ _ _ _ ~  ______-- -- - - _ _  

c. Distribution Section Devices 
I. Group Mounted Circuit Breakers 

CDP Project 07028 

a. 

b. 

C. 

d. 
e. 

f. 

Circuit breaker(s) shall be group mounted plug-on with 
mechanical restraint on a common pan or rail assembly. 
The interior shall have three flat bus bars stacked and 
aligned vertically with glass reinforced polyester insulators 
laminated between phases. The molded polyester 
insulators shall support and provide phase isolation to the 
entire length of bus. 
Circuit breaker(s) equipped with line terminal jaws shall not 
require additional external mounting hardware. Circuit 
breaker(s) shall be held in mounted position by a self- 
contained bracket secured to the mounting pan by 
fasteners. Circuit breaker(s) of different frame sizes shall 
be capable of being mounted across from each other. 
Line-side circuit breaker connections are to be jaw type. 
All unused spaces provided, unless otherwise specified, 
shall be fully equipped for future devices, including all 
appropriate connectors and mounting hardware. 
Electronic Trip Molded Case Standard Function 80% 
Rated Circuit Breakers 
(i) All electronic circuit breakers shall have the 

following timehurrent response adjustments: Long 
Time Pickup, Long Time Delay, Short Time Pickup, 
Short Time Delay, Ground Fault Pickup, Ground 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Fault Delay and Instantaneous settings. Each 
adjustment shall have discrete settings (fully 
adjustable) and shall be independent of all other 
adjustments. 

(ii) Circuit breaker trip system shall be a 
microprocessor-based true rms sensing designed 
with sensing accuracy through the thirteenth (1 3'h) 
harmonic. Sensor ampere ratings shall be as 
indicated on the Drawings. 
Long Time Pickup indication to signal when loading 
approaches or exceeds the adjustable ampere 
rating of the circuit breaker shall be provided. 

(iv) Unless otherwise indicated as electronic trip or 
ground fault protected, furnish thermal magnetic 
molded case circuit breakers for 250A frames and 
below. 

Molded case circuit breakers shall have integral 
thermal and instantaneous magnetic trip in each 
pole. 

(ii) Circuit protective devices shall be molded case 
circuit breaker(s). 

(iii) Circuit breaker(s) shall be high interrupting, or as 
required to meet the short circuit ratings specified 
or as determined in the short circuit evaluation. 
Ampere ratings shall be as shown on the Drawings. 
Manufacturer shall include published Ip and I2t let- 
through curves (as required by UL) in the Shop 
Drawings. 

(iii) 

g. Thermal Magnetic Molded Case Circuit Breakers 
( i )  

2. Individually Mounted Circuit Breakers 
a. Electronic Trip Molded/lnsulated Case Standard Function 

80% Rated Circuit Breaker(s) 
All electronic circuit breakers shall have the 
following timekurrent response adjustments: Long 
Time Pickup, Long Time Delay, Short Time Pickup, 
Short Time Delay, Ground Fault Pickup Ground 
Fault Delay and Instantaneous settings. Each 
adjustment shall have discrete settings (fully 
adjustable) and shall be independent of all other 
adjustments. 
Circuit breaker trip system shall be a 
microprocessor-based true rms sensing designed 
with sensing accuracy through the thirteenth (13'h) 
harmonic. Sensor ampere ratings shall be as 
indicated on the Drawings. 
Long Time Pickup indication to signal when loading 
approaches or exceeds the adjustable ampere 
rating of the circuit breaker shall be provided. 
Unless otherwise indicated as electronic trip or 
ground fault protected, furnish thermal magnetic 
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molded case circuit breakers for 250A frames and 
below. 

Thermal Magnetic Molded Case Circuit Breaker(s) 
(i) Molded case circuit breakers shall have integral 

thermal and instantaneous magnetic trip in each 
pole. 

(ii) Circuit protective devices shall be molded case 
circuit breaker( s). 

(iii) Circuit breaker(s) shall be high interrupting, or as 
required to meet the short circuit ratings specified 
or as determined in the short circuit evaluation. 
Ampere ratings shall be as shown on the Drawings. 
Manufacturer shall include published Ip and IY let- 
through curves (as required by UL) in the Shop 
Drawings. 

b. 

PART 3 - EXECUTION 

3.01 

A. 

DELIVERY, STORAGE, AND HANDLING I 
Deliver, store, protect, and handle products in conformance with manufacturer’s 
recommended practices as outlined in applicable Installation and Maintenance 
Manuals. 

I 
-- I -See-Section-I 6050-for-additional-requirements regarding-storage, 

Each switchboard section shall be delivered in individual shipping splits for ease of 
handling. They shall be individually wrapped for protection and mounted on shipping 
skids. I 

D. 

E. 

3.02 

A. 

B. 

C. 

D. 

Store in a clean, dry space. Maintain factory protection and/or provide an additional 
heavy canvas or heavy plastic cover to protect structure from dirt, water, construction 
debris, and traffic. Provide adequate heating within enclosures to prevent 
condensation, if the structure is not conditioned at the time of storage. 

I 

Handle in accordance with NEMA PB 2.1 and manufacturer’s written instructions. Lift 
only by lifting means provided for this express purpose. Handle carefully to avoid 
damage to switchboard internal components, enclosure, and finish. 

INSTALLATION / APPLICATION / ERECTION 

Switchgear / Switchboards shall be firmly anchored to the concrete foundation as 
indicated on the Drawings. 

I 
F Switchboards shall have 36” wide rubber matting placed in front of them. 

Touch up scratched or marred surfaces to match original finish. 

Inspect completed installation for physical damage, proper alignment, anchorage, and 
grounding. 

I 
I 
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3.03 AD J USTl NG 

A. Adjust all operating mechanisms for free mechanical movement per manufacturers 
specifications. 

B. Tighten bolted bus connections in accordance with manufacturer’s instructions. 

C. Adjust circuit breaker trip and time delay settings to values determined in the 
protective device evaluation report. 

3.04 TESTING 

A. Prior to energization, measure, using a Megger, the insulation resistance of each bus 
section phase-to-phase and phase-to-ground for one minute each, at minimum test 
voltage ’of 1000 VDC; minimum acceptable value for insulation resistance is 1 
megohms. Refer to manufacturer’s literature for any additional specific testing 
procedures. 

B. Check tightness of accessible bolted bus joints using calibrated torque wrench per 
manufacturer’s recommended torque values. 

C. Physically test key interlock systems to check for proper functionality. 

D. Test ground fault systems by operating push-to-test button. 

END SECTION 16430 
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SECTION 16442 
PANELBOARDS 

PART I -GENERAL 

1.01 

A. 

B. 

C. 

PART 2 

2.01 

2.02 

A. 

B. 

2.03 

SCOPE OF WORK 

This section of the Technical Specifications includes furnishing all labor, materials, 
equipment, and incidentals required for the installation of all lighting and distribution 
panelboards as hereinafter specified and as shown on the Contract Drawings. 

The panelboards for installation under this Contract shall be selected from the 
following types with the panel voltage and main sizes the determining factors. All 
panelboards shall be by the same manufacturer. 

Circuit breakers of size and type shown on Contract Drawings and described herein 
shall be provided with the panelboards. 

PRODUCTS 

ACCEPTABLE MANUFACTURERS - “Square D”, “Siemens”, “Cutler Hammer”, or 
equal. 

GENERAL REQUIREMENTS 

Rating - Panelboard ratings shall be as shown on the Contract Drawings. All 
panelboards shall be rated for the intended voltage. 

References - The panelboard (s) and circuit break (s) referenced herein are designed 
and manufactured according to the latest revision of the following specifications. 

1. NEMA PB 1 - Panelboards 
2. NEMA PB 1.1 - Instructions for Safe Installation, Operation, and Maintenance 

of Panelboards Rated 600 Volts or less. 
3. NEMA AB 1 - Molded Case Circuit Breakers 
4. UL 50 - Enclosures for Electrical Equipment 
5. UL 67 - Panelboards 
6. UL 489 - Molded-Case Circuit Breakers and Circuit Breaker Enclosures 
7. CSA Standard C22.2 No. 29-MI989 - Panelboards and Enclosed Panelboards 
8. CSA Standard C22.2 No. 5-M91 - Molded Case Circuit Breakers 
9. Federal Specification W-P-11% - Type I Class 1 
I O .  Federal Specification W-C-375B/Gen - Circuit Breakers, Molded Case, Branch 

Circuit and Service. 
11. Federal Specification W-C-865C - Fusible Switches 
12. NFPA 70 - National Electrical Code (NEC) 
13. ASTM - American Society of Testing Materials 

POWER DISTRIBUTION PANELBOARDS 

I A. Interior 
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1. Continuous main current ratings as indicated on the drawings not to exceed 1200 
amperes maximum. Panelboard bus current ratings shall be determined by heat-rise 
tests conducted in accordance with UL 67. 

Provide UL Listed short circuit current ratings (SCCR) as indicated on the 
drawings or as determined in the short circuit study specified elsewhere, not to 
exceed the lowest interrupting capacity rating of any circuit breaker installed 
with a maximum of 200,000 RMS symmetrical amperes. Main lug and main 
application requirements comply with UL 67 and NEC Articles 230. VI and VII. 

3. The panelboard interior shall have three flat bus bars stacked and aligned 
vertically with glass reinforced polyester insulators laminated between phases. 
The molded polyester insulators shall support and provide phase isolation to 
the entire length of bus. 
The bussing shall be fully rated with sequentially phased branch distribution. 
Panelboard bussing rated I00 through 600 amperes shall be plated copper. 
Bus bar plating shall run the entire length of the bus bar. The entire interleaved 
assembly shall be contained between two (2) U-shaped steel channels, 
permanently secured to a galvanized steel-mounting pan by fasteners. 
Interior trim shall be of dead-front construction to shield user from all energized 
parts. Main circuit breakers through 800 amperes shall be vertically mounted. 
Main circuit breaker and main lug interiors shall be field convertible for top or 
bottom incoming feed. 
A solidly bonded copper equipment ground bar shall be provided. Where 
indicated, an additional copper isolatedlinsulated ground bar shall also be 
provided. 
Solid neutral shall be equipped with a full capacity bonding strap for service 

shall have plated copper neutral bus for non-linear load applications. Gutter- 
mounted neutral will not be acceptable. 
Nameplates shall contain system information and catalog number or factory 
order number. Interior wiring diagram, neutral wiring diagram, UL Listed label, 
and Short Circuit Current Rating shall be displayed on the interior or in a 
booklet format. Leveling provisions shall be provided for flush mounted 
applications. 

2. 

4. 

5. 

6. 

7. 
- _ _  entrance applications. U L  Listed panelboards-with-200%-rated -solid neutrals- 

8. 

B. Group mounted circuit breakers through 1200A 

I 
i 
I 
I 
i 
I 
1 
I 
I 
I 
I 
I 
I 

1. 

2. 

3. 

4. 
5. 

Circuit breaker (s) shall be group mounted plug-on with mechanical restraint on I 
a common pan or rail assembly. 
The interior shall have three flat bus bars stacked and aligned vertically with 
glass insulators laminated between phases. The molded polyester insulators 
shall support and provide phase isolation to the entire length of bus. 
Circuit breakers equipped with line terminal jaws shall not require additional 
external mounting hardware. Circuit breakers shall be held in mounted position 
by a self-contained bracket secured to the mounting pan fasteners. Circuit 
breakers of different frame sizes shall be capable of being mounted across from 
each other. 
Line-side circuit breaker connections shall be jaw type. 
All unused spaces provided, unless otherwise specified, shall be fully equipped 
for future devices, including all appropriate connectors and mounting hardware. 
(Select Electronic trip 1 OO%, Electronic trip 80% or Thermal Magnetic) 

I 
I 
I 
I 

C. Electronic trip molded case standard function 80% rated circuit breakers 
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I 

1 ,  

1. All electronic circuit breakers shall have the following timehrrent response 
adjustments: Long Time Pickup, Long Time Delay, Short Time Pickup, Short Time 
Delay, Ground Fault Pickup, Ground Fault Delay, and Instantaneous settings. Each 
adjustment shall have discrete settings (fully adjustable) and shall be independent of 
all other adjustments. 

2. Circuit breaker trip system shall be a microprocessor-based true RMS sensing 
designed with sensing accuracy through the thirteenth (I 3‘h) harmonic. Sensor 
ampere ratings shall be as indicated on the associated schedule drawing. 

3. Local visual trip indication for overload, short circuit and ground fault trip 
occurrences. 

4. Long Time Pickup indication to signal when loading approaches or exceeds the 
adjustable ampere rating of the circuit breaker shall be provided. 

5. Furnish thermal magnetic molded case circuit breakers for 250A frames and 
below, unless otherwise indicated. 

D. Thermal magnetic molded case circuit breakers 
I. Molded case circuit breakers shall have integral thermal and instantaneous 

magnetic trip in each pole. 
2. Circuit protective devices shall be molded case circuit breakers. Circuit 

breakers shall be high interrupting or as required to meet the short circuit study 
criteria, as specified elsewhere. Ampere ratings shall be as shown on the 
drawings. Manufacturer shall submit one set of published Ip and I2t let-through 
curves (as required by UL) in the Shop Drawings. 

E. Enclosures 
I. Type 1 Boxes 

a. 

b. 

c. 

a. 

Boxes shall be galvanized steel constructed in accordance with UL 50 
requirements. Zinc-coated galvannealed steel will not be acceptable. 
Boxes shall have removable blank end walls and interior mounting studs. 
Interior support bracket shall be provided for ease of interior installation. 
Maximum enclosure dimensions shall be 44” wide and 9.5” deep. 

Trim front steel shall meet strength and rigidity requirements per UL 50 
standards. Shall have an ANSI 49 medium gray enamel electrodeposited 
over cleaned phosphatized steel. 
Trim front shall be 4-piece surface, 4-piece with door, flush or surface 
mount as indicated. Trim front door shall have rounded corners and 
edges free of burrs. A clear plastic directory cardholder shall be mounted 
on the inside of the door. 
Locks shall be cylindrical tumbler type with larger enclosures requiring 
sliding vault locks with 3-point latching. All lock assemblies shall be keyed 
alike. 

2. Type 1 Trim Fronts 

b. 

c. 

2.04 LIGHTING AND APPLIANCE PANELBOARD TYPE - 4801277V 

A. Interior 
1. Continuous main current ratings, as indicated on the Drawings, not to exceed 

600 amperes maximum for main breaker panelboards and not to exceed 800 
amperes for main lug panelboards 
Minimum Short Circuit Rating as indicated or as required to meet the short 
circuit study criteria specified elsewhere. 

2. 
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3. 

4. 

5. 

6. 

7. 

8. 

9. 

Provide one (I) continuous bus bar per phase. Each bus bar shall have 
sequentially phased branch circuit connectors limited to bolt-on branch circuit 
breakers. The bussing shall be fully rated. Panelboard bus current ratings shall 
be determined by heat-rise tests conducted in accordance with UL 67. Bussing 
rated 100-400 amperes shall be plated copper. Bussing rated for 600 and 800 
amperes shall be plated copper as standard construction. Bus bar plating shall 
run the entire length of the bus bar. Panelboards shall be suitable for use as 
Service Equipment when application requirements comply with UL 67 and NEC 
Articles 230-F and -G. 
All current-carrying parts shall be insulated from ground and phase-to-phase by 
high dielectric strength thermoplastic. 
A solidly bonded copper equipment ground bar shall be provided. Where 
indicated, an additional copper isolated/insulated ground bar shall also be 
provided. 
Split solid neutral shall be plated and located in the mains compartment up to 
250 amperes so all incoming neutral cable may be of the same length. UL 
Listed panelboards with 200% rated solid neutral shall be plated copper for 
non-linear load applications. Panelboards shall be marked for non-linear load 
applications. 
Interior trim shall be of dead-front construction to shield user from energized 
parts. Dead-front trim shall have pre-formed twistouts covering unused 
mounting space. 
Nameplates shall contain system information and catalog number or factor 
order number. Interior wiring diagram, neutral wiring diagram, UL Listed label 
and short circuit current rating shall be displayed on the interior or in a booklet 
format. - --- - -  

Interiors shall be field convertible for top or bottom incoming feed. Main circuit 
breakers in 125A interiors shall be horizontally or vertically mounted. Main 
circuit breakers over 425A shall be vertically mounted. Sub-feed circuit 
breakers shall be vertically mounted. Main lug interiors up to 400 amperes shall 
be field convertible to main breaker. Interior leveling provisions shall be 
provided for flush mounted applications. 

~- - - -- _- _ _ _  - 

10. Interior phase bus shall be pre-drilled to accommodate field installable options 

14. Interiors shall accept 125 ampere breakers in group mounted branch 
(i.e., Sub-Feed Lugs, Sub-Feed Breakers, Thru-Feed Lugs) 

construction. 

B. Main Circuit Breaker 
1. 

. 

Main circuit breakers shall have an overcenter, trip-free, toggle mechanism 
which will provide quick-make, quick-break contact action. Circuit breakers shall 
have a permanent trip unit with thermal and magnetic trip elements in each 
pole. Each thermal element shall be true RMS sensing and be factory 
calibrated to operate in a 40" C ambient environment. Thermal elements shall 
be ambient compensating above 40" C. 
Two- and three-pole circuit breakers shall have common tripping of all poles. 
Circuit breakers frame sizes above 100 amperes shall have a single magnetic 
trip adjustment located on the front of the breaker that allows the user to 
simultaneously select the desired trip level of all poles. Circuit breakers shall 
have a push-to-trip button for maintenance and testing purposes. 

2. 

I' 
I 
I 
I 
I 
I 
I 
I 
I 

--I 
I 
I 
I 
I 
I 
I 
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3. Circuit breaker handle and faceplate shall indicate rated ampacity. Standard 
construction circuit breakers shall be UL Listed for reverse connection without 
restrictive line or load markings. 
Circuit breaker escutcheon shall have international I/O markings, in addition to 
standard ON/OFF markings. Circuit breaker handle accessories shall provide 
provisions for locking handle in the ON or OFF position. 
Lugs shall be UL Listed to accept solid or stranded copper and aluminum 
conductors. Lugs shall be suitable for 90" C rated wire, sized according to the 
75" C temperature rating per NEC Table 310-16. Lug body shall be bolted in 
place; snap-in designs are not acceptable. 
The circuit breakers shall be UL Listed for use with the following accessories: 
Shunt Trip, Under Voltage Trip, Ground Fault Shunt Trip, Auxiliary Switch, 
Alarm Switch, Mechanical Lug Kits, and Compression Lug Kits. 

4. 

5. 

6. 

C. Branch Circuit Breakers 
1. Shall be Square D type circuit breakers. Circuit breakers shall be UL Listed with 

amperage ratings, interrupting ratings, and number of poles as indicated on the 
Drawings. 
Molded case branch circuit breakers shall have bolt-on type bus connectors. 
Circuit breakers shall have an overcenter toggle mechanism which will provide 
quick-make, quick-break contact action. Circuit breakers shall have thermal and 
magnetic trip elements in each pole. Two- and three-pole circuit breakers shall 
have common tripping of all poles. 
There shall be two forms of visible trip indication. The circuit breaker handle 
shall reside in a position between ON and OFF. In addition, there shall be a red 
indicator appearing in the clear window of the circuit breaker housing. 
The exposed faceplates of all branch circuit breakers shall be flush with one 
another. 
Lugs shall be UL Listed to accept solid or stranded copper and aluminum 
conductors. Lugs shall be suitable for 90" C rated wire, sized according to the 
75" C temperature rating per NEC Table 31 0-1 6. 

7. Breakers shall be UL Listed for use with the following factory installed 
accessories: Shunt Trip, Auxiliary Switch, and Alarm Switch. 

8. Breaker shall be UL Listed with the following ratings: (15-125A) Heating, Air 
Conditioning, and Refrigeration (HACR), (1 5-30A) High Intensity Discharge 
(HID), and (15-20A) Switch Duty (SWD) 

2. 
3. 

4. 

5. 

6. 

D. Enclosures 
1. Type 1 Boxes 

a. 

b. 

Boxes shall be galvanized steel constructed in accordance with UL 50 
requirements. 
Boxes shall have removable endwalls with knockouts located on one end. 
Boxes shall have welded interior mounting studs. Interior mounting 
brackets are not required. 
Box width shall not exceed 2 6  wide. 

Front shall meet strength and rigidity requirements per UL 50 standards. 
Shall have ANSI 49 gray enamel electrodeposited over cleaned 
phosphatized steel. 
Fronts shall be 1 piece with door. Mounting shall be flush or surface as 
indicated on the Drawings. 

c. 

a. 
2. Type 1 Fronts 

b. 
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2.05 

A. 

B. 

C. 

d. 

LIGHTING 

Interior 

Panelboards rated 250 amperes and below shall have fronts with 
concealed door hinges and trim screws. Front shall not be removable with 
the door locked. Panelboards rated above 250 amperes shall have 
vented fronts with concealed door hinges. Doors on front shall have 
rounded corners; edges shall be free of burrs. 
Front shall have flat latch type lock with catch and spring loaded stainless 
steel door pull. All lock assemblies shall be keyed alike. A clear plastic 
directory card holder shall be mounted on the inside of door. 

AND APPLIANCE PANELBOARD TYPE - 120/240V OR 120/208V 

1. 

2. 

3. 

-4.. 

5. 

6. 

7. 

8. 

9. 

Continuous main current ratings, as indicated on the Drawings, not to exceed 
600 amperes maximum. 
Minimum short circuit current rating as indicated or as required to meet the 
short circuit study criteria specified elsewhere. 
Provide one (I) continuous bus bar per phase. Each bus bar shall have 
sequentially phased branch circuit connectors suitable for plug-on or bolt-on 
branch circuit breakers. The bussing shall be fully rated. Panelboard bus 
current ratings shall be determined by heat-rise tests conducted in accordance 
with UL 67. Bussing rated 100-400 amperes shall be plated copper. Bussing 
rated for 600 amperes shall be plated copper as standard construction. Bus bar 
plating shall run the entire length of the bus bar. Panelboards shall be suitable 
for use as Service Equipment when application requirements comply with UL 
67 and NEC Articles 230-F and -G. 
All current-carrying-parts-shall-be-insulated from-ground and phase=to=phase by 
high dielectric strength thermoplastic. 
A solidly bonded copper equipment ground bar shall be provided. Where 
indicated, an additional copper isolated/insulated ground bar shall also be 
provided. 
Split solid neutral shall be plated and located in the mains compartment up to 
225 amperes so all incoming neutral cable may be of the same length. UL 
Listed panelboards with 200% rated solid neutral shall be plated copper for 
non-linear load applications. Panelboards shall be marked for non-linear load 
applications. 
Interior trim shall be of dead-front construction to shield user from energized 
parts. Dead-front trim shall have pre-formed twistouts covering unused 
mounting space. 
Nameplates shall contain system information and catalog number of factory 
order number. Interior wiring diagram, neutral wiring diagram, UL Listed label 
and short circuit current rating shall be displayed on the interior or in a booklet 
format. 
Interiors shall be field convertible for top or bottom incoming feed. Main circuit 
breakers in 1 OOA interiors shall be horizontally or vertically mounted. Main 
circuit breakers over 1 OOA shall be vertically mounted. Sub-feed circuit 
breakers shall be vertically mounted. Main lug interiors up to 400 amperes shall 
be convertible to main breaker. Interior leveling provisions shall be provided for 
flush mounted applications. 

Main Circuit Breaker 
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1. Main circuit breakers shall have an overcenter, trip-free, toggle mechanism which will 
provide quick-make, quick-break contact action. Circuit breakers shall have a 
permanent trip unit with thermal and magnetic trip elements in each pole. Each 
thermal element shall be true RMS sensing and be factory calibrated to operate in a 
40" C ambient environment. Thermal elements shall be ambient compensating above 
40" C. 

2. 

3. 

4. 

5. 

6. 

Two- and three-pole circuit breakers shall have common tripping of all poles. 
Circuit breakers frame sizes above I00  amperes shall have a single magnetic 
trip adjustment located on the front of the circuit breaker that allows the user to 
simultaneously select the desired trip level of all poles. Circuit breakers shall 
have a push-to-trip button for maintenance and testing purposes. 
Breaker handle and faceplate shall indicate rated ampacity. Standard 
construction circuit breakers shall be UL Listed for reverse connection without 
restrictive line or load markings. 
Circuit breaker escutcheon shall have international 1/0 markings, in addition to 
standard ON/OFF markings. Circuit breaker handle accessories shall provide 
provisions for locking handle in the ON or OFF position. 
Lugs shall be UL Listed to accept solid or stranded copper and aluminum 
conductors. Lugs shall be suitable for 90" C rated wire, sized according to the 
75" C temperature rating per NEC Table 310-16. Lug body shall be bolted in 
place; snap-in designs are not acceptable. 
The circuit breakers shall be UL Listed for use with the following accessohes: 
Shunt Trip, Under Voltage Trip, Ground Fault Shunt Trip, Auxiliary Switch, 
Alarm Switch, Mechanical Lug Kits, and Compression Lug Kits. 

C. Branch Circuit Breakers 
1. 

2. 
3. 

Circuit breakers shall be UL Listed with amperage ratings, interrupting ratings, 
and number of poles as indicated on the Drawings. 
Molded case branch circuit breakers shall have bolt-on type bus connectors. 
Circuit breakers shall have an overcenter toggle mechanism which will provide 
quick-make, quick-break contact action. Circuit breakers shall have thermal and 
magnetic trip elements in each pole. Two- and three-pole circuit breakers shall 
have common tripping of all poles. 

4. There shall be two forms of visible trip indication. The breaker handle shall 
reside in a position between ON and OFF. In addition, there shall be a red 
indicator appearing in the clear window of the circuit breaker housing. 

5. The exposed faceplates of all branch circuit breakers shall be flush with one 
another. 

6. Lugs shall be UL Listed to accept solid or stranded copper and aluminum 
conductors. Lugs shall be suitable for 90" C rated wire. 

7. Breakers shall be UL Listed for use with the following factory installed 
accessories: Shunt Trip, Auxiliary Switch, and Alarm Switch. 

D. 

1 

Enclosures 
1. Type 1 Boxes 

a. 

b. 

Boxes shall be galvanized steel constructed in accordance with UL 50 
requirements. 
Boxes shall have removable endwalls with knockouts located on one end. 
Boxes shall have welded interior mounting studs. Interior mounting 
brackets are not required. 
Box width shall be 26" wide maximum. c. 

I 
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2. Type I Fronts 
a. Front shall meet the strength and rigidity requirements per UL 50 

standards. Front shall have an ANSI 49 gray enamel electrodeposited 
over cleaned phosphatized steel. 

b. Fronts shall be I-piece with door. Mounting shall be flush or surface as 
indicated on the Drawings. 

c. Panelboards shall have fronts with concealed door hinges and mounted 
with trim screws. Front shall not be removable with the door locked. 
Doors on front shall have rounded corners and edges shall be free of 
burrs. 
Front shall have cylindrical tumbler type lock with catch and spring-loaded 
stainless steel door pull. All lock assemblies shall be keyed alike. A clear 
plastic directory cardholder shall be mounted on the inside of door. 

d. 

3.01 

A. 

B. 

C. 

D. 

E. 

PART 3 - EXECUTION 

END OF SECTION-I 6442 

INSTALLATION/APPLICATION/ERECTION 

Boxes for surface mounted panelboards shall be mounted so there is at least 2 inch 
air space between the box and the mounting surface. 

Circuit directories shall be typed giving location and nature of load served. 

Provide a minimum of three 1” spare conduits stubbed out into the ceiling grid cavity 
from-each flush mounted panelboard, - --- - ~ - _ _ _ ~ _ _ _ - -  -- --- - 

Each panelboard shall be nameplated with plastic engraved nameplates stating the 
panel’s name, voltage, and the name of panel serving the panel. Nameplates shall be 
secured by use of stainless steel screws. All panels that are a part.of an emergency 
system shall have an additional red nameplate title “EMERGENCY.” 

Provide the owner with five (5) keys for each type lock furnished. 
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SECTION 16460 
SMALL POWER AND MISCELLANEOUS TRANSFORMERS 

PART 1 - GENERAL 

1.01 SCOPE OF WORK 

A. Transformer locations and size shall be as shown on the Contract Drawings, as 
specified herein. 

PART 2 - PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. “Square D”, “Siemens,” “Cutler Hammer”, or equal. 

2.02 FABRICATION 

A. General Purpose Dry-Type Transformers 
1. Single phase transformers shall be 480 or 600 volt primary and 1201240 volt 

secondary. Three phase transformers shall be 480 or 600 volts delta primary 
and 208 Y/120 or 240 volt delta secondary. Transformers 25 W A  and larger 
shall have a minimum of 4 (2 above, 2 below) 2-1/2 percent full capacity 
primary taps. 

2. Transformers shall be 150 degrees Celsius temperature rise above a 40 
degrees Celsius ambient. All insulating materials are to be in accordance with 
the latest NEMA Standards for a 220 degrees Celsius UL recognized insulation 
system. 
Transformer coils shall be of the continuous wire wound construction and shall 
be impregnated with non-hygroscopic, thermo-setting varnish. The coils shall 
also have a final wrap of electrical insulating material to prevent mechanical 
injury to the wire as well as increasing the electrical breakdown strength. 
All cores shall be constructed of high grade, non-aging silicon steel with high 
magnetic permeability, and low hysteresis and eddy current losses. Magnetic 
flux The’core 
laminations shall be clamped together with steel angles. The completed core 
and coil shall then be bolted to the base of the enclosure but isolated from the 
base by means of rubber, vibration absorbing mounts. There shall be no metal- 
to-metal contact between the core and coil to the enclosure. On transformers 
500 W A  and smaller, the vibration isolation system shall be designed to 
provide a permanent fastening of the core and coil to the enclosure. To further 
facilitate vibration and noise isolation, the final section of conduit to the 
transformer shall be flexible. 

5. Transformers 25 KVA and larger shall be in heavy gauge, sheet steel, 
ventilated enclosures. The ventilating openings shall be designed to prevent 
accidental access to live parts in accordance with UL, NEMA, and National 
Electrical Code Standards for ventilated enclosures. Transformers 25 KVA 
through 75 KVA shall be designed so they can either be floor or wall mounted. 
Above 75 W A  they shall be of the floor mounted design. 

3. 

4. 

densities are to be kept well below the saturation point. 
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6. 

7. 

8. 

The entire transformer enclosure shall be degreased, cleaned, phosphatized, 
primed, and finished in the same color as the motor control equipment. 
The maximum temperature of the top of the enclosure shall not exceed 50 
degrees Celsius rise above a 40 degrees Celsius ambient. 
The core of the transformer shall be visibly grounded to the enclosure by 
means of a flexible grounding conductor sized in accordance with NEMA and 
NEC Standards. 

9. The transformer shall be marked “DANGER HIGH VOLTAGE” with labels 
specified in the section on marking, this Division. 

I O .  The transformers shall be manufactured to requirements of applicable 
standards, especially as they apply to noise level and surface temperatures. 

B. Single and Three Phase Dry Type Transformers for Non-Linear Loads 
1. In addition to general requirements as applicable from Article 2.02 A this 

section, transformers indicated as NL or NLP on Contract Drawings shall 
comply with requirements herein. 
Transformers 15 KVA and larger shall be provided with six 2.5 percent full 
capacity primary taps. 
Neither the primary or secondary temperature shall exceed 220°C at any point 
in the coils while carrying their full rating of non-sinusoidal load. The maximum 
hot spot temperatures shall not exceed the following values for the indicated K 
factors defined as the sum of fundamental and harmonics per ANSVIEEE 
C57.1 IO: 

Hot Spot K Factor Rating 
Tem perat u re NL NLP 

-220°C 
185°C 3.2 9.6 
150°C 2.7 6.9 

2. 

3. 

4.0 - - - - 13:0-- -- _ _  _______ _ _  

Rating K factors by average temperature rise is not acceptable. 
4. The core flux density shall be well below the usual level for standard 

transformers to prevent core overheating caused by harmonic voltage 
distortion. 
Transformers shall be common core construction. 
Transformers shall have secondary neutral terminals sized for 200 percent of 
the secondary phase current. 
Transformers shall be supplied with a quality, full width electrostatic shield 
resulting in a maximum effective coupling capacitance between primary and 
secondary of 33 picofarads. With transformers connected under normal, 
loaded operating conditions, the attenuation of line noise and transients shall 
equal or exceed the following limits: 

5. 
6. 

7. 

Common Mode 
0 - 1.5 KHZ 
1.5 - 10 KHZ 
10 - 100 KHZ 
100 KHZ- 1 MHZ 

120 db 
90 db 
65 db 
40 db 

I 
i 
I 
I 
I 
i 
i 
I 
I 
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Transverse 
Mode 

1.5 - 10 KHZ 
I O  - I00 KHZ 
100 KHZ- 1 MHZ 

52 db 
30 db 
30 db 

8. Sound levels shall not exceed the following: 

15 - 50 KVA 45 db 
51 - 150 KVA 50 db 
151 -300 KVA 55 db 
301 - 500 KVA 60 db 

PART 3 - EXECUTION 

3.01 INSTALLATION / APPLICATION / ERECTION 

A. Transformers shall be rigidly mounted to the structure or the foundation in the case of 
freestanding units. 

Transformers shall be megger tested prior to energization. B. 

C. Transformers with taps shall be adjusted to supply the nominal service voltage 
required on the secondary. 

D. Transformers shall be installed in accordance with NEC requirements and 
manufacturer recommendations. 

END OF SECTION - 16460 
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SECTION 16490 
ELECTRICAL POWER SYSTEM STUDIES 

PART 1 - GENERAL 

I .01 SUMMARY 

A. The electrical equipment manufacturer shall provide electrical power system studies 
as specified herein for the entire power system for the project, including existing 
equipment. The type and content of each study is specified in the following articles. 

1.02 SUB M ITTALS 

A. Study Report 
1. The results of the power system study shall be summarized in a final report. 

Five bound copies of the final report shall be submitted for review. 
2. The report shall include the following sections: 

a. Description, purpose, basis and scope of the study and a single line 
diagram of that portion of the power system which is included within the 
scope of the study. 
Tabulations of circuit breaker, fuse and other protective device ratings 
versus calculated short circuit duties, and commentary regarding same. 
Protective device time versus current coordination curves, tabulations of 
relay and circuit breaker trip settings, fuse settings, fuse selection, and 
commentary regarding same. 
Fault current calculations including a definition of terms and guide for 
interpretation of computer printout. 

b. 

c. 

d. 

PART 2 - PRODUCTS 

2.01 MANUFACTURERS 

A. The specified electrical power system studies shall be performed by the manufacturer 
of the power distribution and control equipment furnished for the project. 

2.02 ELECTRICAL POWER SYSTEM STUDIES 

A. Short-circuit Analysis 
1. Calculation of the maximum rms symmetrical three-phase short-circuit current 

at each significant location in the electrical system shall be made using a digital 
computer. 
Appropriate motor short-circuit contribution shall be included at the appropriate 
locations in the system so that the computer calculated values represent the 
highest short-circuit current the equipment will be subjected to under fault 
conditions. 

3. A tabular computer printout shall be included which lists the calculated short- 
circuit currents, X/R ratios, equipment short-circuit interrupting or withstand 
current ratings, and notes regarding the adequacy or inadequacy of the 
equipment. 

2. 
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I 
I 

4. 

5. 

6. 

7. 

8. 

9. 

I. 

The study shall include a computer printout of input circuit data including I 

I 
l 

conductor lengths, number of conductors per phase, conductor impedance 
values, insulation types, transformer impedances and X/R ratios, motor 
contributions, and other circuit information as related to the short-circuit 
calculations. 
Include a computer printout identifying the maximum available short-circuit 
current in rms symmetrical amperes and the X/R ratio of the fault current for 
each budbranch calculation. 
The system one-line diagram shall be computer generated and will clearly 
identify individual equipment buses, bus numbers used in the short-circuit 
analysis, cable and bus connections between the equipment, calculated 
maximum short-circuit current at each bus location and other information 
pertinent to the computer analysis. 
A comprehensive discussion section evaluating the adequacy or inadequacy of 
the equipment must be provided and include recommendations as appropriate 
for improvements to the system. 
The contractor shall be responsible for supplying pertinent electrical system 
conductor, circuit breaker, generator, and other component and system 
information in a timely manner to allow the short-circuit analysis to be 
completed prior to final installation. 
Any inadequacies shall be called to the attention of the Engineer and 
recommendations made for improvements as soon as they are identified. 

i 
I 
I 
I 
I 

B. Protective Device Time-Current Coordination Analysis 

2. 

3. 

4. 

5. 

6. 

7. 

- 

The time-current coordination analysis shall be performed with the aid of 
computer software intended-for-this-purposeTand-will-include the determination ---- 1 
of settings, ratings, or types for the overcurrent protective devices supplied. 
Where necessary, an appropriate compromise shall be made between system 
protection and service continuity with service continuity considered more 
important than system protection. I 
A sufficient number of computer generated log-log plots shall be provided to 
indicate the degree of system protection and coordination by displaying the 
time-current characteristics of series connected overcurrent devices and other i 
pertinent system parameters. 
Computer printouts shall accompany the log-log plots and will contain 
descriptions for each of the devices shown, settings of the adjustable devices, I 
the short-circuit current availability at the device location when known, and 
device identification numbers to aid in locating the devices on the log-log plots 
and the system one-line diagram. 
The study shall include a separate, tabular computer printout containing the 
suggested device settings of all adjustable overcurrent protective devices, the 
equipment where the device is located, and the device number corresponding 
to the device on the system one-line diagram. 
A computer generated system one-line diagram shall be provided which clearly 
identifies individual equipment buses, bus numbers, device identification 
numbers and the maximum available short-circuit current at each bus when 
known. 
A discussion section which evaluates the degree of system protection and 
service continuity with overcurrent devices, along with recommendations as 
required for addressing system protection or device coordination deficiencies. 

I 
i 

I 
I 
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8. Significant deficiencies in protection and/or coordination shall be called to the 
attention of the Engineer and recommendations made for improvements as 
soon as they are identified. 

9. The Contractor shall be responsible for supplying pertinent electrical system 
conductor, circuit breaker, generator, and other component and system 
information in a timely manner to allow the time-current analysis to be 
completed prior to final installation. 

C. Arc-Flash Hazard Analysis 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

The Arc-Flash Hazard Analysis shall be performed with the aid of computer 
software intended for this purpose in order to calculate Arc-Flash Incident 
Energy (AFIE) levels and flash protection boundary distances. 
The Arc-Flash Hazard Analysis shall be performed in conjunction with a short- 
circuit analysis and a time-current coordination analysis. 
Results of the Analysis shall be submitted in tabular form, and shall include 
device or bus name, bolted fault and arcing fault current levels, flash protection 
boundary distances, personal-protective equipment classes and AFlE levels. 
The analysis shall be performed under worst-case Arc-Flash conditions, and 
the final report shall describe, when applicable, how these conditions differ from 
worst-case bolted fault conditions. 
The Arc-Flash Hazard Analysis shall be performed by a registered professional 
engineer. 
The Arc-Flash Hazard Analysis shall be performed in compliance with IEEE 
Standard 1584-2002, the IEEE Guide for Performing Arc-Flash Calculations. 
The Arc-Flash Hazard Analysis shall include recommendations for reducing 
AFlE levels and enhancing worker safety. 
The proposed vendor shall demonstrate experience with Arc-Flash Hazard 
Analysis by submitting names of at least ten actual Arc-Flash Hazard Analyses 
it has performed in the past year. 
The proposed vendor shall demonstrate capabilities in providing equipment, 
services, and training to reduce Arc-Flash exposure and train workers in 
accordance with NFPA 70E and other applicable standards. 

I O .  The proposed vendor shall demonstrate experience in providing equipment 
labels in compliance with NEC-2002 section 11 0 and ANSI 2535.4 to identify 
AFIE and appropriate Personal Protective Equipment classes. 

D. Load Flow and Voltage Drop Analysis 
1. 

2. 

3. 

4. 

5. 
6. 

The Load Flow and. Voltage Drop Analysis shall be made using a digital 
computer and include calculations of power flow in all three-phase branch and 
feeder circuits, calculated voltages at each bus and voltage drops of each 
feeder. 
The analysis shall provide the calculated maximum values of kVA, kW, kvar, 
power factor, and amperes for each power circuit. 
The calculated power losses in each branch and total system losses shall be 
provided. 
A computer printout listing all cables, transformers, loads, and other circuit data 
shall be included. 
Provide tabular bus-to-bus computer printouts listing the calculated values. 
The analysis shall include a computer generated system one-line diagram 
clearly identifying individual equipment buses, bus numbers, cable and bus 
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connections, power flow throughout the system, and other information related to 
the analysis. 

7. A discussion section evaluating the loading and voltage levels for the system 
shall be provided and recommendations included as appropriate to improve 
system operation. 
Significant deficiencies in loading or voltage levels shall be called to attention of 
the Engineer and recommendations made for improvements at soon as they 
are identified. 

8. 

PART 3 - EXECUTION 

Not Applicable. 

END OF SECTION I6490 

. -  
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SECTION 16500 
LIGHT1 NG 

1 

PART 1 

I .01 

A. 

B. 

- 

PART 2 - PRODUCTS 

GENERAL 

SCOPE OF WORK 

The specific characteristics of the light fixtures to be furnished and installed shall be 
as detailed in the light fixture schedule on the Contract Drawings. Should a fixture of 
a different type or manufacturer than that specified be submitted for the Engineer's 
review, it will be compared to that specified on: construction, dimensions, and 
photometrics. Failure to compare equally to what was specified will be grounds for 
rejection. 

The Contractor shall be prepared to submit sample equipment for appraisal when 
requested by the Engineer, and shall assume all transportation costs involved in the 
shipment and return of samples. All sample fixtures submitted shall be provided with 
lamps and shall be wired with cord and plug, to facilitate lighting for appraisal. 

2.01 

A. 

2.02 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

BALLASTS 

All ballasts shall have built in thermal protection and be of the high power factor type 
built to conform to UL and ANSI standards (as attested by CBM certification). 

LUMINAIRES 

All fixtures shall be delivered complete with suspension and mounting accessories, 
ballasts, diffusers, reflectors, etc., all wired and assembled. All accessory wiring shall 
be furnished and installed as shown on the Contract Drawings. 

All steel supports required for luminaires in addition to that furnished under the 
general building construction shall be furnished and installed by the Contractor. 

When fixtures are noted to be installed flush, they shall be complete with the proper 
accessories for installing in the particular ceiling involved. All flush mounted fixtures 
shall be supported from the structure and shall not be dependent on the hung ceilings 
for their support. 

All outside luminaires shall be a type that will prevent insect accumulation inside the 
luminaire. 

Exterior luminaires shall be weatherproof and rustproof. 

Luminaires for vaults and pipe galleries shall be watertight and rustproof. 

Lurninaire wire shall be fixture type of non-asbestos construction. 
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2.03 

A. 

B. 

2.04 

A. 

B. 

C. 

D. 

- 

LAMPS 

Incandescent lamps shall be for 130 volt operation, unless otherwise specified. 

Fluorescent lamps shall have 31 OOK color characteristics unless otherwise indicated, 
and shall be of the type that will not require starter switches. 

LIGHTING CONTACTORS 

Lighting contactors shall be continuously rated with number of poles as indicated in 
the Contract Drawings, for all types of ballast and tungsten lighting, resistance and 
motor loads. 

The contactor shall have totally enclosed, double-break silver-cadmium-oxide power 
contacts. Auxiliary arcing contacts are not acceptable. Contact inspection and 
replacement shall be possible without disturbing line or load wiring. The contactor 
shall have straight-through wiring and all terminals clearly marked. 

Contactors shall be UL listed, designed in accordance with pertinent NEMA 
standards. They shall be industrial-duty rated for applications to 600 volts maximum. 
Contactor shall have additional accessories as indicated on the Drawings, and shall 
be NEMA 1 enclosed unless otherwise indicated. 

Contactor coils shall be continuously rated and encapsulated. 

__ __ ~ t.- Lighting-contactors shall-have-a-circuit-breaker-and-sontastor- mounted -in one- 
enclosure. The operator for the circuit breaker shall be externally operated, with door 
either open or closed. The door shall have an interlock preventing opening unless 
breaker operator is in off position, with a recessed defeater mechanism for 
experienced personnel use, and a padlocking attachment. 

Contactors shall be Square D, Siemens, Cutler Hammer, or equal. F. 

2.05 OCCUPANCY CONTROL SENSORS 

A. General 

I. Products supplied shall be from a single manufacturer that has been 
continuously involved in manufacturing of occupancy sensors for a minimum of 
five (5) years. Mixing of manufacturers shall not be allowed. 

2. All components shall be U.L. listed, offer a five (5) year warranty and meet all 
state and local applicable code requirements. 

3. Products shall be manufactured by an IS0 9002 certified manufacturing facility 
and shall have a defect rate of less than I /3 of 7%. 

4. Wall switch products must be capable of withstanding the effects of inrush 
current. Submittals shall clearly indicate the method used. 

5. System Description 
a. The objective of this section is to ensure the proper installation of the 

occupancy sensor based lighting control system so that lighting is turned 
off automatically after reasonable time delay when a room or area is 
vacated by the last person to occupy said room or area. 
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b. The occupancy sensor based lighting control shall accommodate all 
conditions of space utilization and all irregular work hours and habits. 

a. Manufacturer shall substantiate conformance to this specification by 
supplying the necessary documents, performance data and wiring 
diagrams. Any deviations to this specification must be clearly stated by 
letter and submitted. 

b. Submit a lighting plan clearly marked by manufacturer showing proper 
product, location and orientation of each sensor. 

c. Submit any interconnection diagrams per major subsystem showing 
proper wiring. 

d. Submit standard catalog literature which includes performance 
specifications indicating compliance to the Specification. 

e. Catalog sheets must clearly state any load restrictions when used with 
electronic ballasts. 

Occupancy sensors and related products shall be Wattstopper, or equal. 

6. Submittals 

7. 

B. Sensors 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

All products shall be Watt Stopper product numbers: 
a. Ceiling sensors: WT-600, WT-I 100, WT-2200, WPIR, DT-200, as 

indicated in occupancy sensor schedule. 
b. Wall switch sensors: PW-100 
c. Power and Auxiliary Packs: BZ-I00 
d. Digital Time Switches: TS-400 
Wall switch sensors shall be capable of detection of occupancy at desktop level 
up to 300 square feet, and gross motion up to 1000 square feet. 
Wall switch sensors shall accommodate loads from 0 to 800 watts at I20 volts; 
0 to 1200 watts at 277 volts and shall have 180" coverage capability. 
Wall switch products shall utilize Zero Crossing Circuitry which increases relay 
life, protects from the effects of inrush current, and increases sensor's 
longevity. 
Wall switch sensors shall have no leakage current to load, in manual or in 
AutolOff mode for safety purposes and shall have voltage drop protection. 
Where specified, wall switch sensors shall provide a field selectable option to 
convert sensor operation from automatic-ON to manual-ON. 
Passive infrared sensors shall utilize Pulse Count Processing and Digital 
Signature Analysis to respond only to those signals caused by human motion. 
Passive infrared sensors shall provide high immunity to false triggering from 
RFI (hand-held radios) and EM1 (electrical noise on the line). 
Passive infrared sensors shall have a multiple segmented Fresnel lens, in a 
multiple-tier configuration, with grooves-in to eliminate dust and residue build- 
UP- 

I O .  Where specified, passive infrared ultrasonic and dual technology sensors shall 
offer daylighting footcandle adjustment control and be able to accommodate 
dual level lighting. 

11. Dual technology sensors shall be either wall mounted, corner mounted or 
ceiling mounted in such a way as to minimize coverage in unwanted areas. 

12. Dual technology sensors shall consist of passive infrared and ultrasonic 
technologies for occupancy detection. Products that react to noise or ambient 
sound shall not be considered. 
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13. Ultrasonic sensors shall utilize Advanced Signal Processing to adjust the 
detection threshold dynamically to compensate for constantly changing levels of 
activity and air flow throughout controlled space. 

14. Ultrasonic operating frequency shall be crystal controlled at 25 kHz within f 
0.005% tolerance, 32 kHz within k 0.002% tolerance, or 40 kHz f 0.002% 
tolerance to assure reliable performance and eliminate sensor cross-talk. 
Sensors using multiple frequencies are not acceptable. 

15. All sensors shall be capable of operating normally with electronic ballasts, PL 
lamp systems and rated motor loads. 

16. Coverage of sensors shall remain constant after sensitivity control has been 
set. No automatic reduction shall occur in coverage due to the cycling of air 
conditioner or heating fans. 

17. When specified, sensors shall utilize SmartSetTM technology for automatically 
adjustable time delay and sensitivity settings. 

18. All sensors shall have readily accessible, user adjustable settings for time delay 
and sensitivity. Settings shall be located on the sensor (not the control unit) 
and shall be recessed to limit tampering. 

19. In the event of failure, a bypass manual override shall be provided on each 
sensor. When bypass is utilized, lighting shall remain on constantly or control 
shall divert to a wall switch until sensor is replaced. This control shall be 
recessed to prevent tampering. 

20. All sensors shall provide an LED as a visual means of indication at all times to 
verify that motion is being detected during both testing and normal operation. 

21. All sensors shall have UL rated, 94V-0 plastic enclosures. 

2.04 

A. 

. .  Ci rcuit-Control-Ha rd ware LLCu------ -- ____--.~- -- ~- 

I. Control Units - For ease of mounting, installation and future service, control 
unit(s) shall be able to externally mount through a X' knock-out on a standard 
electrical enclosure and be an integrated, self-contained unit consisting 
internally of an isolated load switching control relay and a transformer to 
provide low-voltage power. Control unit shall provide power to a minimum of 
two (2) sensors. 
Relay Contacts shall have ratings of: 
a. 13A - 120 VAC Tungsten 
b. 20A - 120 VAC Ballast 
c. 20A - 277 VAC Ballast 

3. Control wiring between sensors and controls units shall be Class I1 , 18-24 
AWG, stranded U.L. Classified, PVC insulated or TEFLON jacketed cable 
suitable for use in plenums, where applicable. 

2. 

LIGHTING INTEGRATOR CONTROL PANEL 

General 
I. Extent of lighting control system work is indicated by drawings and by the 

requirements of this section. It is the intent of this section to provide an 
integrated, energy saving lighting control system including Lighting Control 
Panels, Occupancy Sensors, and Daylighting Controls from a single supplier. 
Contractor is responsible for confirming that the panels and sensors 
interoperate as a single system. 
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2. Products shall be manufactured by companies regularly engaged in the 
manufacture of lighting control equipment and ancillary equipment, of types and 
capacities required, whose products have been in satisfactory use in similar 
service for not less than 5 years. 

3. Comply with NEC, NEMA, and FCC Emission requirements for Class A 
applications. 

4. UL Approvals: Relay panels and accessory devices are to be UL listed under 
UL 916 Energy Management Equipment. Configured to order or custom relay 
panels shall be UL Listed under UL 508, Industrial Control Panels. 

5. Submit manufacturer’s data on lighting control system and components 
including shop drawings, detailed point to point wiring diagrams, and floor plans 
showing occupancy and daylighting sensor locations. Provide typical mounting 
details for occupancy and daylighting sensors for this application. 
Lighting control system shall be manufactured by Wattstopper, or equal. 6. 

B. Lighting Control Panels 
1. 

2. 

3. 

4. 

provide lighting control panels in the locations as indicated on the plans and 
schedules. Capacities shall be as required to accommodate the circuits 
indicated. Each panel shall be of modular construction and consist of the 
components specified herein. 
Enclosure/Tub shall be NEMA 1, NEMA 3R, or NEMA 4 as indicated on the 
plans, sized to accept an interior with 1-8 relays, 1-24 relays and six (6) four 
pole contactors, or 1-48 relays with six (6) four pole contactors. 
Cover shall be configured for surface or flush wall mounting of the panel as 
indicated on the plans. The panel cover shall have a hinged and lockable door 
with restricted access to line voltage section of the panel. 
Interior assembly shall be supplied as a factory assembled component 
specifically designed and listed for field installation. The interior construction 
shall provide total isolation of high voltage (class 1) wiring from low voltage 
(class 2) wiring within the assembled panel. The interior assembly shall include 
intelligence boards, power supply, DIN rails for mounting optional Class 2 
control devices, and individually replaceable latching type relays. The panel 
interiors shall include the following features: 
a. 
b. 

C. 

d. 

e. 

f. 

Provision for one or two optional control and automation cards. 
Removable, plug-in terminal blocks with screw less connections for all low 
voltage terminations. 
Individual terminal block, override push button, and LED status light for 
each relay 
Switch inputs associated with each relay and group channel shall support 
two or three wire, momentary or maintained contact switches or 24VDC 
input from occupancy sensors. 
Automatic support for occupancy sensor sequence of operation. Low 
voltage inputs automatically reconfigure when connected to a Watt 
Stopper occupancy sensor head. Occupancy sensor shall switch lighting 
on and off during unoccupied periods but shall not turn lighting off during 
scheduled occupancy periods. 
Isolated contacts within each relay shall provide true relay state to the 
electronics. True relay state shall be indicated by the on-board LED and 
shall be available to external control devices and systems. 
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g. 

h. 

Automatic sequenced operation of relays reduces impact on the electrical 
distribution system when large loads are controlled simultaneously. 
Group, channel, and pattern control of relays shall be provided through a 
simple button-press interface within the panel. Any group of relays can 
be associated with a channel for direct on/off control or pattern (scene) 
control via a simple programming sequence using the relay and channel 
override push buttons and LED displays. 
Relay group status for each channel shall be provided through bi-color 
operation of the LED indicators. Solid red indicates that all relays in the 
group are on, solid green indicates that the group is in a mixed state, and 
blinking green indicates that the relays have blink warned and are 
currently timing out. 
Each relay and channel terminal block shall provide a 24V pilot light 
signal. It shall be possible to configure the system for support for any 
Class 2 pilot light voltage with the use of an auxiliary power supply. 
Single pole latching relays with modular plug-in design. Relays shall 
provide the following ratings and features: 
1. Electrical: 

a. 
b. 
c. 
d. 
e. 
f. 

i. 

j. 

k. ' 

30 amp ballast at 277V 
20 amp ballast at 347V 
20 amp tungsten at 120V 
30 amp resistive at 347V 
1.5 HP motor at 120V 
14,000 amp short circuit current at 347V 

2. Mechanical: 
_- - - __ . . - -  __ - a. - -- Individually- replaceable,-%'- KO-mounting with removable- 

Class 2 wire harness 
Actuator on relay housing provides manual override and 
visual status indication, accessible from Class 2 section of 
panel 
Dual line and load terminals each support two # I4  - #I2 
solid or stranded conductors 
Tested to 300,000 mechanical on/off cycles 
Isolated low voltage contacts provide for true relay status 
feedback and pilot light indication. 

Power supply shall be a multi-voltage transformer assembly with rated 
power to supply all electronics, occupancy sensors, switches, pilot lights, 
and photocells as necessary to meet the project requirements. Power 
supply to have internal over-current protection with automatic reset and 
metal oxide varistor protection. 

The Dataline wire shall be supplied by the equipment manufacturer and will 
include the manufacturers name, catalog number printed on the wire jacket. 
Panels shall be digitally addressed and support bi-directional communication 
between each other and other intelligent field devices specified elsewhere. 

b. 

C. 

d. 
e. 

1. 

5. 

6. 

C. Digital Dataline Switches - Intelligent digital switching shall be provided operating on 
the dual twisted pair communication wire. Switches shall be available in single, dual, 
quad, or octal (I-button, 2-button, 4-button, or 8-button) designs. The single, dual, 
and quad devices shall mount in a standard single-gang box, the octal version in a 
two-gang box. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I - 

CDP Project 07028 16500-6 



SKRECC Corporate Offices 
Somerset, Kentucky 

Section 16500 
Lighting 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Each button shall be individually programmable. Programming of buttons shall 
not require the use of a computer or other programming device. It shall be 
possible to assign relays or channels to buttons using a simple button press 
interface. Each button can control any one of the following options: 
a. 
b. 
c. Any group of relays in the system (via network clock, Automation 

For applications that require pattern switching, buttons shall function as a scene 
control using an ONIOFFINot Controlled pattern of relays instead of the normal 
All ON/OFF. 
Switches shall be constructed of non-breakable Lexan on all exposed parts and 
shall include a matching screwless Lexan wall plate. 
Individual buttons shall have a removable clear cover to allow standard 9 mm 
(3/8 inch) labeling tape to be used to identify the controlled loads. 
Each switch shall use a bi-color LED pilot light for the individual buttons to 
indicate status of the controlled relay or group of relays. LED indications are 
Red for All ON, Green for Mixed State (some relays in the group ON and others 
OFF), and No LED for All OFF. 
Switch LED pilot lights shall flash green to indicate impending off sweep during 
the five-minute grace period following blink warning of the lights. Once the 
button is pressed, the LED will change to Red to acknowledge the occupant‘s 
override command to keep lights ON. 
Multiple dataline switches programmed to control the same relay or relay group 
shall indicate the same status automatically. 
Each switch shall also include a locator light illuminating the switch for easy 
location in the dark. 
The dual, quad, and octal switches shall all include a single master button that 
will override all relays controlled by the individual buttons OFF, or Restore them 
to their original state. Each switch’s master button configuration can be altered 
to perform a Master ON/OFF, OFF’ Only, or Disabled function if desired. 

Any individual relay in any single panel. 
Any group of relays in any single panel. 

Appliance, or Wincontrol software package). 

10. Switches can be configured to follow a “Cleaning” scenario. This specific 
scenario shall prevent the cleaners from overriding OFF any relays previously 
turned ON by an occupant. 

11. Each switch is available in a Key lock override version. Once a key is inserted, 
the individual buttons will function for five minutes. 

2.05 DIMMING CONTROL SYSTEMS 

A. General 
I. Provide system hardware that is designed, tested, manufactured, and 

warranted by a single manufacturer. 
2. Architectural Lighting Controls: Ten-year operational life while operating 

continually at any temperature in an ambient temperature range of 0” C (32°F) 
to 40” C (1 04°F) and 90 percent non-condensing relative humidity. 
Designed and tested to withstand electrostatic discharges up to 15,000 V 
without impairment per IEC 801-2. 
System shall be Lutron GRAPFIC Eye QS, or.equal. 

3. 

4. 
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B. Dimming Performance Requirements 
1. Electrolytic capacitors to operate at least 20” C below the component 

manufacturer’s maximum temperature rating when device is under fully-loaded 
conditions in 40” C (I 04” F) ambient temperature. 
Load Handling Thyristors (SCRs and triacs), Field Effect Transistors (FETs), 
and Isolated Gate Bipolar Transistors (IGBTs): Manufacturer’s maximum 
current rating minimum two times control’s rated operating current. 

3. Capable of withstanding repetitive inrush current of 50 times operating current 
without impacting lifetime of dimmer. 

4. Design and test dimmers to withstand line-side surges without impairment to 
performance. 
a. Withstand surges without impairment of performance when subjected to 

surges of 6,000 volts, 3,000 amps per ANSIlIEEE C62.41 B. 
b. Other power handling devices: Withstand surges without impairment of 

performance when subjected to surges of 6,000 volts, 200 amps per 
ANSVIEEE C62.41 C. 

5. Utilize air gap off, activated when user selects “off” at any control to disconnect 
the load from line supply . 

6. Possess power failure memory such that if power is interrupted and 
subsequently returned, lights will automatically return to same levels (dimmed 
setting, full on, or off) prior to power interruption within 3 seconds. 

7. Multiple load type, tested to UL 508 to specifically control 
incandescenthungsten,, magnetic low voltage,, electronic low voltage,, 
neonkold cathode,, fluorescent dimming ballasts,, and non-dim loads.. 

8. Each dimmer to be assigned a load type that will provide a proper dimming 
- cuwe-for the specific light-source.------ 

9. Possess ability to have load types assigned per circuit, configured in field. 
I O .  Minimum and maximum light levels user adjustable on circuit-by-circuit basis 
11. Control all light sources in smooth and continuous manor. Dimmers with visible 

steps are not acceptable. 
12. Provide real-time cycle-by-cycle compensation for incoming line voltage 

variations including changes in RMS voltage (plus or minus 2 percent change in 
RMS voltagelcycle), frequency shifts (plus or minus 2 Hz change in 
frequencylsecond), dynamic harmonics, 

13. Systems not providing cycle-by-cycle compensation to include external power 
conditioning equipment as part of dimming system. 

14. Each dimmer to incorporate electronic “soft-start” default at initial turn-on that 
smoothly ramps lights up to the appropriate levels within 0.5 seconds. 

15. Line Voltage Dimmers; Meet following load-specific requirements: 
a. 

2. 

- - - - 

Magnetic Low Voltage (MLV) transformer: 
1. Contain circuitry designed to control and provide a symmetrical 

AC waveform to input of magnetic low voltage transformers per 
UL 1472, Section 5.1 1. 
Dimmers using back-to-back SCR construction that could fail open 
causing DC power to flow into magnetic low voltage load are not 
acceptable. 

Electronic Low Voltage (ELV) transformer - Dimmer to operate electronic 
low voltage transformers via reverse phase control. Alternately, forward 
phase control dimming may be used if dimming equipment manufacturer 
has recommended specific ELV transformers being provided. 
Neon and cold cathode transformers: 

2. 

b. 

c. 
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I. Magnetic transformers: UL listed for use with normal (low) power 
factor magnetic transformers. 

2. Electronic transformers: Must be supported by the ballast 
equipment manufacturer for control of specific ballasts being 
provided. 

d. Fluorescent electronic dimming ballast: Refer to Section [I 65801 for 
dimming ballast specifications and performance. 

Coordination between low voltage dimming module and line voltage relay: 
Capable of being electronically linked to single zone. 
Single low voltage dimming module; capable of controlling following light 
sources: 
1. 0-1 OV analog voltage signal. 

a. 

b. 

16. Low Voltage Dimming Interface; Meet following requirements: 
a. 

b. 

Provide Class 2 isolated 0-1OV output signal conforming to 
IEC 60929. 
Sink current via IEC 60929. 

C. Power Interfaces 
1. Product: PHPM-PA-DV. 
2. Electrical: 

a. 
b. 

programming of system or processor. 

Phase independent of control input. 
Dimmer to meet limited short circuit test as defined in UL 20. 

3. ' Diagnostics and Service: Replacing power interface does not require re- 

D. Low Voltage Wall Stations: 
1. Product: seeTouch QS. 
2. Electronics: 

3. Functionality: 
a. 

a. 
b. 

Use RS485 wiring for low voltage communication. 

Upon button press, LEDs to immediately illuminate. 
LEDs to reflect the true system status. LEDs to remain illuminated if the 
button press was properly processed or the LEDs turn off if the button 
press was not processed. 
Allow for easy reprogramming without replacing unit. 
Replacement of units does not require reprogramming. 

c. 
d. 
Provide faceplates with concealed mounting hardware. 
Color: Custom color to be selected during submittal review. 
Provide faceplates with concealed mounting hardware. 
Engrave wall stations with appropriate button, zone, and scene engraving 

descriptions furnished prior to fabrication. 
Silk-screened borders, logos, and graduations to use graphic process that 

chemically bonds graphics to faceplate, resistant to removal by scratching and 
cleaning. 

4. 
5. 
6. 
7. 

8. 

E. Emergency Lighting Interface; Lutron LUT-ELI 
1. 

2. 
3. 

Provides total system listing to UL924 when used with Lutron GRAFIK Eye QS 
system. 
Senses all three phases of building power. 
Provides an output to power panels if power on any phase fails. 
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4. Accepts a contact closure input from a fire alarm control panel. 

PART 3 - EXECUTION 

3.01 INSTALLATION/APPLICATION/ERECTION 

A. General 
1. The Contractor shall furnish all light fixtures, lighting equipment, components, 

hangers, etc., as shown on the Contract Drawings and shall install them at the 
locations shown on the Contract Drawings. 

2. All fixture wiring shall be in conformance with the latest revision of the NEC and 
UL standards. 

3. Lamps of the proper type, wattage and voltage rating shall be delivered to the 
project in the original cartons and installed in the fixtures just prior to the 
completion of the project, with spare lamps as listed on the Contract Drawings. 
All incandescent and fluorescent lamps used during the building construction in 
contract lighting fixtures prior to 2 weeks from the completion of the work shall 
be removed and replaced with new lamps. 

4. 

B. Luminaires 
1. 

2. 
3. 

4. 

Similar fixtures in each room or area shall be installed with bottom of fixtures at 
same elevation, unless otherwise noted. 
Minimum wire size shall be AWG No. I O  for runs over 75 feet. 
Outlets shall be as specified herein and shall be suitable for the installation 

Conduit cun in areas with hung ceilings shall be installed in the space above the 
hung ceiling as close to the structure as possible. Conduits and junction boxes 
shall be supported from the structure. 

5. All ceiling grid mounted fluorescent fixtures shall be installed to fit the actual 
field layout of the grid system. 

6. No light fixtures shall be hung or installed until after painting is completed, 
however, temporary lighting shall be provided by the Contractor. Fixtures in 
suspended ceilings shall be fastened to the main tees of the ceiling grid. 

7. All fixtures shall be left in a clean condition, free of dirt and defects, before 
acceptance by the Engineer. 

It shall be the Contractor’s responsibility to make all proper adjustments to 
assure Owner’s satisfaction with the occupancy system. 
It shall be the Contractor’s responsibility to locate and aim sensors in the 
correct location required for complete and proper volumetric coverage within 
the range of coverage(s) of controlled areas per the manufacturer’s 
recommendations. Rooms shall have ninety (90) to one hundred (100) percent 
coverage to completely cover the controlled area to accommodate all 
occupancy habits of single or multiple occupants at any location within the 
room(s). The locations and quantities of sensors shown on the drawings are 
diagrammatic and indicate only the rooms which are to be provided with 
sensors. The Contractor shall provide additional sensors if required to properly 
and completely cover the respective room. 

- ___ ___ - - - - ~- conditions encountered. __ _- ~ . _ _  

C. Occupancy Sensors 
1. 

2. 

. 
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Section 16500 
Lighting 

3. It is the Contractor's responsibility to arrange a pre-installation meeting with 
manufacturer's factory authorized representative, at Owner's facility, to verify 
placement of sensors and installation criteria. 
Proper judgment must be exercised in executing the installation so as to ensure 
the best possible installation in the available space and to overcome local 
difficulties due to space limitations or interference of structural components. 
The Contractor shall also provide, at the Owner's facility, the training necessary 
to familiarize the Owner's personnel with the operation, use, adjustment, and 
problem solving diagnosis of the occupancy sensing devices and systems. 

4. 

, 

D. Lighting Control System 
1. System Start Up and Commissioning 

a. Manufacturer shall provide a factory authorized technician to confirm 
proper installation and operation of all lighting control system 
components. The startup requirement is intended to verify: 
i. That all occupancy and daylighting sensors are located, installed, 

and adjusted as intended by the factory and the contract 
documents. 

ii. The occupancy sensors and daylighting sensors are operating 
within the manufacturers specifications. 

iii. The sensors and relay panels interact as a complete and 
operational system to meet the design intent. 

b. Manufacturer to provide a written statement verifying that the system 
meets the above requirements. 

System Training - Manufacturer shall provide factory authorized technician to 
train owner personnel in the operation, programming and maintenance of the 
lighting control system including all occupancy sensors and daylighting controls. 

a. 

2. 

3. System Programming 
Manufacturer shall provide system programming including: 
1. Wiring documentation. 
II. Switch operation. 
iii. Telephone overrides. 
iv. Operating schedules. 

E. Lighting Standards 
1. 
2. 

Galvanized steel, weathering steel, or aluminum light poles shall not be painted. 
When standards (poles) arrive on the job site, the protective wrapping should 
be removed immediately, especially if stored outside. If not removed, rain or 
other sources of water moistening the wrapping may cause stains (barber pole 
effect) on the pole finish. Such stains shall be cause for rejection. 
A concrete foundation shall be provided for each pole as detailed on the 
Contract Drawing. The poles will be mounted utilizing anchor bolts set in the 
concrete. The anchor bolts should have galvanized or plated threads and 
should be furnished with the pole by the manufacturer. This is particularly 
important since they are Engineered as part of the pole structural system. 

3. 
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Lighting 

I 
4. When anchor bolts are positioned prior to pouring concrete, spacing and 

projection must be verified with pole manufacturer's recommendations. A 
plastic or plywood template should be fabricated from the manufacturer's 
instructions to use when setting the anchor bolts. Anchor bolts that are not 
installed plumb and in the correct locations shall be removed and replaced. 
The Contractor shall not be allowed to bend the anchor bolts back to plumb 
after concrete is set. 
Leveling nuts shall be utilized for the mounting of poles to foundations. A nut 
should be screwed down on each bolt until it meets the concrete, then the nuts 
must be adjusted until they are level. 
The pole should be carefully lowered onto the anchor bolts and allowed to rest 
on the leveling nuts. Flat washers followed by lockwashers should be placed 
on the anchor bolts and the top nut installed. Minor adjustments on the leveling 
nuts may be necessary to plumb the pole before the top nuts are tightened 
down. Special care should be taken to tighten the top nuts to the torque level 
recommended by the pole manufacturer. All nuts and washers shall be 
galvanized or plated. 
Concrete grout of the nonshrink type must be installed between the base of the 
pole and the concrete foundation. The grout should be puddled around the 
edge of the pole base and firmly packed int he space between the pole and 
foundation. A short piece of small diameter pipe must be installed to make a 
drain hole through the grout to the pole interior. 

8. Aluminum poles must have the bottom of the base painted with Koppers 
bitumastic No. 50 or equal substitute product before grouting so that the 
aluminum does not come in contact with the concrete. 

5. 

6. 

7. 

- ___ -9.- Poles shall-not be-modified-or drilled on-the job site.- - -- - _ _  

10. Under no circumstances should a ground wire be wrapped around an anchor 
bolt underneath an anchor bolt nut. 

11. Do not set poles without light fixtures installed, as poles are more likely to 
vibrate and become damaged. 

12. Manufacturer's installation instructions should be followed as well as those 
instructions contained herein. Should a discrepancy exist, promptly contact the 
Engineer for clarification. 

13. Bases shall have 1" chamfer all around and rubbed smooth to a point below 
grade. 

14. Anchor bolt covers shall also be provided and installed. 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I END OF SECTION - 16500 
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Section 16670 
Lightning Protection Systems (Air Terminals) 

SECTION 16670 
LIGHTNING PROTECTION SYSTEMS (AIR TERMINALS) 

PART 1 - GENERAL 

1.01 

A. 

B. 

C. 

D. 

PART 2 

2.01 

A. 

B. 

C. 

D. 

E. 

F. 

SCOPE OF WORK 

The lightning protection system shall be furnished, installed, and connected as 
detailed on the Contract Drawings to provide a complete and functional system. 
Installation and equipment construction shall comply with Lightning Protection 
Institute Installation Code LPI-175, UL Master Label Code 96A, and NFPA 780. 

The Contractor shall provide shop drawings indicating location and installation of 
equipment for review of the Engineer before beginning installation. 

All equipment shall be of the same manufacturer, insofar as possible. 

Equipment specified herein supplements actual suppression devices specified in 
Section 16280. 

PRODUCTS 

EQUIPMENT 

All equipment used in this installation shall be UL approved and labeled in 
accordance with UL procedures, with each air terminal bearing an "A label and all 
main conductors bearing a "B" label at 10'-0" intervals. 

All equipment shall be new, and of design and construction to suit the application 
where it is used in accordance with accepted industry standards and LPI and UL 
code requirements and as per manufacturers recommendations. 

Downlead conductors from roof to ground shall be copper, of 28 strands, I 7  gauge 
minimum. All main roof conductors shall be aluminum, of 24 strands, 14 gauge 
minimum. 

Air terminals shall be solid, round aluminum bar of 1/2" minimum diameter, and shall 
project I O "  minimum above the object to be protected. 

Air terminal bases shall be of cast aluminum with bolted pressure cable connections 
and shall be securely mounted with stainless steel screws or bolts. Bases on built-up 
tar and gravel roofs shall be secured with a proper adhesive and shall have a 
minimum surface contact area of 18.5 square inches. 

Ground rods shall be a minimum of 3/4" in diameter and 10'-0" long. They shall be 
connected to the system using exothermic welds, Cadweld, or equal. 
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Section 16670 
Lightning Protection Systems (Air Terminals) 

G. Cable fasteners shall be substantial in construction, electrolytically compatible with 
the conductor and mounting surface and shall be spaced according to LPI and UL 
code requirements. 

H. Bonding devices, cable splicers and miscellaneous connectors shall be of cast 
aluminum with bolted pressure connections to cable. Cast or stamped crip fittings are 
not acceptable. 

I .  Equipment on stacks and chimneys shall be protected from corrosion and sized in 
accordance with LPI and UL requirements. 

J. All miscellaneous bolts, nuts, and screws shall be stainless steel. 

K. An approved bimetal transition fitting shall be used at the roof level to change from 
aluminum roof conductor to copper downlead cable. 

PART 3 - EXECUTION 

3.01 

A. 

B. 

C. 

D. 

E. 

F. 

INSTALLATION/APPLICATlON/ERECTlON 

The installation shall be accomplished by an experienced installer listed with 
Underwriters’ Laboratories as qualified and who is also a Certified Master Installer of 
the LPI or working under the direct supervision of an LPI manufacturer as listed 
above or his authorized LPI Certified Master Installer representative. 

All equipment shall be installed in a neat workmanlike manner in the most 
inconspicuous manner possible. The system shall consist of a complete cable 
network on the roof including all air terminals, splices, and bonds with cable 
downleads routed concealed either directly in the building construction for a new 
structure or in conduit to ground for an existing structure. 

_ _ _ ~  _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ ~ _ _ _ _  _________ ~ __________ _____ _ _  _ _  

The copper downlead cables shall not be brought directly through the roof. Through 
roof connectors with solid rods or conduits though pitch pockets shall be utilized for 
this purpose. 

The limitations on areas of usage for aluminum cables and for copper and aluminum 
materials together,as outlined in UL 96A and LPI 175 shall be observed. The 
lightning protection installer will work with other trades to ensure a correct, neat, and 
unobtrusive installation. 

It shall be the responsibility of the lightning protection installer to assure a sound bond 
to the metallic main water service and to assure interconnection with other building 
ground systems, including both telephone and electrical and also to ensure that 
proper arresters have been installed on the power service. 

Downlead conductors from roof to ground shall be protected from mechanical 
damage from a point 8 feet above to 1 foot below grade by conduit or other means. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Section 16670 
Lightning Protection Systems (Air Terminals) 

G. The lightning protection installer shall secure and deliver a UL Master Label and LPI 
System Certification to the Engineer for the Owner upon completion of the 
installation. 

H. The Contractor shall also submit 2 copies of as built shop drawings, 1 with the UL 
Master Label Application Form and another with LPI forms 175A and B. 

I .  A permanent plate shall be affixed to the protected structure in a prominent location, 
indicating its UL approval. 

END OF SECTION 16670 
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SECTION 1671 0 
COMMUNICATION SYSTEMS 

PART 1 - GENERAL 

I . O l  

A. 

B. 

C. 

D. 

E. 

1.02 

A. 

SCOPE OF WORK 

This Section of the specifications addresses Contractor's requirements for 
communication systems. The work includes raceways, cables, runways, entrance 
facilities, cabling, labor and equipment to execute communication systems as detailed 
on the Drawings. 

The Contractor is responsible for furnishing and installing all raceway and cables with 
15 feet of slack at terminals and cabinets, and 4 feet of slack at office termination 
points. 

A minimum #2 AWG insulated isolated ground conductor shall be brought from the 
service entrance ground point to the backboard where terminal equipment is to be 
located. The Contractor shall be responsible for this installation, and the conductor 
shall terminate on an isolated ground bus, 12 inches in length, equal in capacity to 
the #2 conductor. 

The Contractor shall contact the Telephone Company prior to biddingkonstruction 
with regard to any special requirements for the telephone system and shall meet 
those requirements at no extra cost to the Owner. 

The structured telecommunications cable and pathway distribution and wiring system 
shall include permanently installed horizontal cabling, horizontal pathways, entrance 
facilities, workstation pathways, telecommunications outlet assemblies, conduit, 
raceway, and hardware for splicing, terminating, and interconnecting. The horizontal 
system includes the cabling and pathway between the telecommunications closet and 
the work area telecommunications outlet. The backbone cabling and pathway system 
includes intrabuilding and interbuilding cabling and pathways distributing signals to 
entrance rooms or telecommunications closets including connections to the building 
distribution frame (BDF) or main distribution frame (MDF). The backbone cabling and 
pathway system includes the interconnecting cabling, pathway, and terminal 
hardware to provide connectivity between the MDF's, BDF's, and IDF's. The 
backbone system shall be wired in a distributed topology with the MDF at the inter- 
building point of presence. Hardware and terminating equipment shall consist of UL 
approved, I10 RJ-45 Patch Panels, Fiber Optic Lightguide Interface Units (LIU), and 
coaxial 4-way modulation splitters. Backbone cable shall consist of 62.5 micron 
multimode fiber, Category 6 (1,000 MPBS) 100 ohm four (4) pair cable, coaxial RG-6 
cable and unshielded twisted pair (UTP). 

RELATED WORK SPECIFIED ELSEWHERE 

Drawings and General Provisions of this Contract including General and 
Supplementary Conditions and Division 1 Specifications Sections, apply to work of 
this Section. 
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Section 1671 0 
Communication Systems 

9. Related Work in Other Technical Sections 
1. 
2. 
3. Section 16130 - Raceways 
4. Section 16131 - Boxes 

Section 16050 - Basic Electrical Materials and Methods 
Section 16120 - Wire and Cables 

1.03 DEFINITIONS 

A. Main Distribution Frame (MDF): An industry term that refers to a physical 
concentration or central location for termination backbone cables to interconnect with 
local exchange carrier (LEC) equipment at the activity minimum point of presence. 
The MDF generally includes vendor specific components to support voice, data, 
video, and public address circuits, building surge protector assemblies, main cross 
connect blocks, equipment support frames, and wood backboard (if MDF is wall 
mounted). Depending upon local site conditions, the MDF and BDF may be identical. 

9. Building Distribution Frame (BDF): A structure with terminations for connecting 
backbone, campus, and horizontal cabling. The BDF generally includes a cross 
connect, 1 10 RJ-45 patch panels, equipment support frame, and wooden backboard 
or terminal cabinet. The BDF shall include building protector assemblies when used 
for campus backbone or LEC cabling. 

C. Intermediate Distribution Frame (IDF): An industry term for intermediate termination 
points for horizontal wiring and cross connections within telecommunications closets 
or wiring closets. 

Telecommunications Closet: An enclosed space for telecommunications equipment, 
terminations, and cross-connect wiring for horizontal cabling. 

- _________-_ - ____ - - - 

D. 

1.04 INSTALLER QUALIFICATIONS 

Prior to installation, submit data of installer’s experience and qualifications which shall 
include 3 years on projects of similar complexity. Include names and locations of two 
projects successfully completed using fiber optic and copper communications cabling 
systems. Include written certification from users that systems have performed 
satisfactorily for not less than 18 months. Include specific experience in installing 
and testing structured telecommunications distribution systems using 50 micron 
single mode fiber, 62.5 micron multimode fiber, Category 6 (1,000 MPBS) cable, 
coaxial cable, and unshielded twisted pair. Additionally, experience shall include 
various interface fabrications for listed cable types. 

1.05 TEST PLAN 

Provide a complete and detailed test plan for the telecommunications cabling system 
including a complete list of test equipment for the UTP OFC components and 
accessories. Include procedures for certification, validation, and testing. Furnish 
factory reel tests for fiber optic cables. 

- 

CDP Project 07028 

__ 

1671 0-2 

I 
I 
I 
I 
I 
I 
I 
I 
I 

- 1  
I 
1 
I 
I 
I 
I 
I 

-I 



SKRECC Corporate Offices 
Somerset, Kentucky 

Section 1671 0 
Communication Systems 

PART 2 - PRODUCTS 

2.01 

A. 

2.02 

A. 

B. 

C. 

D. 

E. 

ACCEPTABLE MANUFACTURERS 

Telephone and Data Cables 
1. AT&T, General Cable, Okonite, Belden, American, or equal. 

MATERIALS 

Components: UL or third party certified. Provide a complete system of 
telecommunications cabling and pathway components using a distributed topology 
from the MDF point of presence to workspaces via conduits, raceways, and cable 
trays. Cabling passages shall be accessible via terminal boxes, junction boxes, 
telephone cabinets, and telecommunications closets. All cable installation will be 
facilitated with pull wires. Fixed cables and pathway systems for telecommunications 
systems shall be UL listed or third party independent testing laboratory certified, and 
shall comply with NFPA 70. 

Pathways (Backbone and Horizontal): EINTIA-569 Pathway shall be conduit, and 
cable tray installations. Provide grounding and bonding as required by EIMIA-607. 
Cable tray wiring shall comply with NFPA 70. 

Telecommunications Cabling: Cabling shall be UL listed for the application and shall 
comply with TIA-568 and ANSI/TINEIA-568-B.2-1 and NFPA 70. Cabling shall 
consist of Category 6 (1,000 MBPS) &\ UTP S/UTP, OFC, and coaxial RG-6 cable. 
Plenum cables shall comply with UL 910. Provide a labeling system for cabling as 
required by ElNTlA 606 and UL 969. Cabling manufactured more than 12 months 
prior to date of installation shall not be used. OFC in risers shall pass UL 1666. OFC 
in plenums shall be OFNP type and shall comply with UL 910 and shall be provided 
with fiber optic type ST connectors. 

Backbone Cabling: ANSlllCEA S-80-576 and UL 444, twisted pair cabling (UTP). 
OFC shall comply with EIA-492AAAA. Solid conductors shall be multipair 24 AWG 
for 100 ohm UTP formed into 25 and 50 pair binder groups covered with a 
thermoplastic jacket. Pair twist lengths and frequency per unit length shall be 
determined by the manufacturer. A minimum of two conductor twists per foot is 
required. Color-coding shall comply with industry standards for 25 and 50 pair 
cables. This process shall be performed at the MDF building point of presence to 
support intra-building horizontal cable distribution. 

Horizontal Cabling 
1. Comply with NFPA 70, NEMA WC 63, EIA TSB 36, EIA TSB4O-A, ANSVICEA 

S-80-576, EIA TSB-67 and performance characteristics in EINTIA-568. UTP, 
four pair 100 ohm. Provide four each individually twisted pair, 24 AWG 
conductors enclosed by an overall plenum rated jacket. Individual pairs shall 
be constructed to contain a minimum two twists per foot per each pair. Overall 
diameter of four pair cable shall not exceed 0.25 inches Ultimate breaking 
strength shall be minimum 40.82 kg 90 pounds. Four pair cable shall withstand 
a bend radius of one inch minimum at a temperature of minus 20 degrees C 
maximum without jacket or insulation cracking. Conductors shall be color coded 
and polarized in accordance with EIMIA-568. 
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Communication Systems 

2. Horizontal cabling shall consist of Category 6 (1,000 MBPS) terminated on I I O  
jack panel in MDF building point of presence. Horizontal cabling shall also 
consist of coaxial RG-6 and unshielded twisted pair to select IDF locations. 

F. 

G. 

H. 

I .  

J. 

K. 

L. 

M. 

N. 

0. 

Distribution Frames: Provide building distribution frames (BDF's), intermediate 
distribution frames (IDF's), and main distribution frames (MDF's) as shown on design 
drawings for terminating and cross connecting permanent cabling. 

Equipment Support Frame: REA 345-1 65, modular type steel construction and 
treated to resist corrosion. 

Building Protector Assemblies: Self-contained unit providing a field cable stub 
factory connected to protector socket blocks to terminate and accept protector 
modules for 100 pairs of outside cable. Building protector assembly shall have 
connector blocks for connection to interior cabling at full capacity. 

Connector Blocks: Insulation displacement Type 1 I O  for Category 6 (1,000 MBPS) 
systems. 

Fiber Optic Patch Panel: Provide panel for maintenance and cross-connecting of fiber 
optic cables. Panel shall be constructed of 0.125 inch minimum aluminum and shall 
have connectors which interface the inside plant fiber optic jumper cable with the 
outside plant fiber optic cable. Panels shall be equipped with engraved laminated 
plastic nameplates above each connector. 

Telecommunications Outlet Boxes: Standard type 4 inches square by 2 1/8 inches 
deep. Mount flush- in finished-walls-at height sp-e-cifiecl-in-the-Drawings. DeptFgf 
boxes shall be large enough to allow manufacturers' recommended conductor bend 
radiuses. 

Telecommunications OutleffConnector Assemblies: Jacks shall comply with FCC Part 
68.5, and TINEIA-568. Jacks shall accommodate UTP. UTP jacks shall be RJ-45 
designation T568A type, UL 1863 listed, eight position, constructed of high impact 
rated thermoplastic housing rated for Category 6 (1,000 MBPS) service. UTP jacks 
for data shall be Category 6 (1,000 MBPS) hardware and shall comply with the 
attenuation requirements contained in ANSITTIA-568-B.2-I. Telecommunications 
cover plates shall comply with UL 514C, and TIA/EIA-568; flush design constructed of 
302 stainless material. Voice and data receptacles shall be 2-position RJ-45. Voice, 
data, and video receptacles shall be 3-position RJ-45 with 1-position coaxial BNC. 

Backboards: Provide interior grade plywood 314 inch thick as indicated. Backboards 
shall be painted with a gray, nonconductive fire-resistant overcoat. Do not cover the 
fire stamp on the backboard. Label the backboard with engraved nameplates 
indicating tag shown on Contract Drawings. 

Modular Terminal Racks: Modular Terminal racks shall be 19 inch wide by 30 inch 
deep free standing vertical rack and comply with EIA standards. Provide label and 
identification systems for telecommunications wiring consistent with ElMIA-606. 

Grounding and Bonding Products: Comply with UL-467, EIA/TlA-607, and NFPA 70. 
Components shall be identified as required by ENTIA-606. Ground rods shall be in 
accordance with Section 16060, "Secondary Grounding." 

- 

I 
I 
I 
I 
I 
I 
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Section 1671 0 
Communication Systems 

3.01 

A. 

B. 

C. 

D. 

E. 

I N STALL AT IO N/APP L I CAT IO N 

Telecommunications cabling and pathway systems, including the horizontal and 
backbone cabling and pathway systems, horizontal and backbone cable, pathway 
systems, telecommunications outletkonnector assemblies, and associated hardware 
shall be installed in raceway in accordance with TINEIA-568, EIAITIA-569, NFPA 70, 
and UL standards as applicable. Cabling shall be connected in a distributed topology 
network. 

Cabling: Install Category 6 (1,000 MBPS) UTP, telecommunications cabling, coaxial 
RG-6, and pathway system as detailed in TINEIA-568. Each RJ-45 connector shall 
have run to it one dedicating cable containing four pairs. Each F Type connector 
shall have one dedicated RG-59 cable. Cabling installation shall comply with EIA 
TSB40 and EIA TSB-36. Screw terminals shall not be used except where specifically 
indicated on drawings. Use an approved insulation displacement connection (IDC) 
tool kit for copper cable terminations. Do not untwist Category 6 (1,000 MBPS) UTP 
cables more than 12 mm (oneChalf inch) from the point of termination. Provide 
service loop on each end of the cable (one meter) for future additions. Do not exceed 
manufacturers’ cable pull tensions for copper and fiber optic cables. Provide a device 
to monitor cable pull tensions. Do not exceed 110 N(25 pounds) pull tension for four 
pair copper cables. Do not chafe or damage outer jacket materials. Use only 
lubricants approved by cable manufacturer. Do not over cinch cables, or crush cables 
with staples. 

Open Cable 
1. Use only where specifically indicated on Drawings for use in cable trays, or 

suspended on J hooks above suspended ceilings. Comply with EINTIA-568. 
Install cabling above suspended ceilings 150 to 300 mm (6 to 12 inches) above 
ceiling T-bar using J hooks or bridle rings spaced on 300 to 600 mm (12 to 24 
inches) centers and securely attached to structural ceiling. Do not exceed cable 
pull tensions recommended by the manufacturer. 
Plenum cable shall be used where open cables are routed through plenum 
areas. Plenum cables shall comply with flammability plenum requirements of 
NFPA 70 and shall comply with UL 910. 

3. Avoid routing copper cable in areas where there may be high levels of 
electromagnetic interference (EMI). EM1 is caused by AC power lines, 
broadcast signals, X-ray equipment, motors, generators, and fluorescent lights. 
UTP cables shall be routed at least 125 mm (5 inches) away from fluorescent 
lighting fixtures. 

2. 

Backbone Cable: Backbone shall consist of Category 6 (1,000 MPBS) UTP cable 
terminated on 110 panel in MDF point of presence, extended to mini-I10 panel in 
select IDF locations hardwired to workstation location Category 6 (1,000 MPBS). 
Cable content (voice and/or data) shall be selectable from the MDF where telephone 
terminals and data HUBS will be located. 

Horizontal Cabling: Install horizontal cabling and pathway as shown on drawings 
between telecommunications closet and telecommunications outlet assemblies at 
workstations. 
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F. 

G. 

H. 

I .  

J. 

K. 

Pathwav Installations 

Section 1671 0 
Communication Systems 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Cbmply with EIAPTIA-569. Conceal conduit under floor slabs and within finished 
walls, and  ceilings. Keep conduit minimum 6-inches away from parallel runs of 
electrical power equipment, flues, steam, and hot water pipes. Install conduit 
parallel with or  a t  right angles to  ceilings, walls, and structural members where 
located above accessible ceilings and where conduit is visible after completion 
of project. Install no more than two 90 degree bends for a single horizontal 
cable run. 
All wiring shall be installed in conduit or a metal raceway or  a cable tray 
(runway w/side brackets). 3/4-inch minimum conduit size except where data 
and telephone share  raceway, then 1-inch minimum is required. 
All cables shall be marked with a n  aluminum or  stainless steel tag which shall 
indicate cable it is fed from and the  cabinet or room it is feeding. 
To facilitate future cable installations, a new pull string shall be pulled in conduit 
simultaneously with cables being installed. 
All communication junction boxes shall be marked “TELEPHONE” or  painted 
blue. 
All conduit work that pertains to communications, and not clearly addressed 
herein, must b e  approved by the Owner. 
Communications and computer conduits shall b e  identified by painting a section 
blue or  green, respectively. 
Cable tray shall b e  I foot below ceiling level, and  supported a t  least every 5 
feet. 

Service Entrance Conduit, Underground: Schedule 40 PVC. Underground portion 
- shall be as detailcd T t h T d r a T i n g s n d  stialI-bX a minimum-of-I 8-inches belrw-slab 

or  30 inches below grade. 

Cable Tray Installation: Install cable tray components in accordance with EIAPTIA- 
569. 

Work Area Outlets: Terminate UTP cable in accordance with TIAIEIA-568 wiring 
configuration T586A. 

Telecommunications Closet Termination: Install termination hardware required for 
Category 6 (1,000 MBPS) and OFC system. An insulation displacement tool shall b e  
used for terminating copper cable to insulation displacement connectors. 

Optical Fiber Cables: Install backbone OFC in pathways. Do not exceed 
manufacturer’s recommended bending radius and pull tension. Where minimum 9 %” 
conduit sweeps  cannot be provided, a n  18” x 24” minimum pullbox shall b e  utilized. 
LB fittings may not b e  used for fiber optic cable installations. Bend radius and pullbox 
size shall b e  increased as required for larger bundles. Prepare cable for pulling by 
cutting outer jacket 10 inches leaving strength members exposed for approximately 
10 inches. Twist strength members together and attach to pulling eye.  Terminate 
individual strands into fiber optic type ST connectors. 
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3.02 

' A. 

B. 

3.03 

A. 

B. 

C. 

D. 

E. 

LAB ELI N G 

Label each cable within 12 inches of the outlet connector, and within 12 inches of the 
patch panel connectors and every 50 feet in cable tray. Label shall include room 
number and outlet designation. 

Mark the inside of outlet boxes containing connectors with the outlet designation. 
Permanent marker may be used. 

TESTING 

Telecommunications Cabling Field Testing: Perform telecommunications cabling 
inspection, verification, and performance tests in accordance with TINEIA-568. - 

Inspection: Visually inspect cabling jacket materials for UL or third party certification 
markings. Visually inspect UTP and OF0 jacket materials for UL or other certification 
markings. Inspect cabling terminations in telecommunications rooms and at 
workstations to confirm color code for tip and ring pin assignments, and inspect 
cabling connections to confirm compliance with TINEIA-568. Visually confirm 
Category 6 ( I  ,000 MBPS) marking of outlets, wallplates, jacks, and patch panels. 

Verification Tests 
1. UTP copper cabling shall be tested for DC loop resistance, shorts, opens, 

intermittent faults, near-end cross talk, proper pinning and termination and 
polarity between conductors, and between conductors and shield, if cable has 
overall shield. Test operation of shorting bars in connection blocks. Test cables 
after terminated but not cross connected. Perform 250 MHz near-end cross talk 
(NEXT), far-end cross talk (FEXT) return loss, propagation delay, delay skew 
requirements, and attenuation tests for Category 6 (1,000 MBPS) 100 ohm 4- 
pair systems installations. 

2. Perform OFC testing using an optical time domain reflectometer (OTDR) and 
manufacturer's recommended test procedures. Perform tests in accordance 
with ' EIAITIA-526-14, Method B for horizontal, multimode OFC and EIAITIA- 
526-7, Method B for backbone, single mode OFC. Perform in factory 
acceptance tests and factory reel tests at jobsite prior to installation. 

Performance Tests: Category 6 (1,000 MBPS) Links. Perform UTP link tests in 
accordance with ANSI/TIA-568-B.2-1. Tests shall include wire map, length, 
attenuation, NEXT, FEXT, return loss, and propagation delay. 

Final Verification Tests: Perform verification tests for UTP and OFC systems after the 
complete telecommunications cabling and workstation jacks are installed. These 
tests assume that dial tone service has been installed. Connect to the network 
interface device at the demarcation point. Go off-hook and listen and receive a dial 
tone. If a test number is available, make and receive a local, long distance, and DSN 
telephone call. 

END OF SECTION 1671 0 
1 
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PART 1 

1.01 

A. 

B. 

C. 

D. 

E. 

1.02 
A. 

SECTION 1671 5 
FIBER OPTIC DATA TRANSMISSION SYSTEM 

GENERAL 

SCOPE OF WORK 

General: A fiber optics (FO) data transmission system (DTS) shall be provided. The 
data transmission system shall consist of fiber optic transmission media, power line 
surge protection and terminal devices. The data transmission system shall 
interconnect system components as shown. 

Environmental Requirements: Equipment and cable to be utilized indoors shall be 
rated for continuous operation under ambient environmental conditions of 0 to 50 
degrees’C (35 to 120 degrees F) dry bulb and 10 to 95 percent relative humidity, 
noncondensing. Equipment shall be rated for continuous operation under the 
ambient environmental temperature, pressure, humidity, and vibration conditions 
specified or normally encountered for the installed location. Fiber optic cable for 
outdoor installation shall be rated for minus 40 to plus 122 degrees F. 

Electrical Requirements: The equipment shall operate from a voltage source as 
shown, plus or minus I O  percent, and 60 Hz, plus or minus 2 percent. 

Input Line Surge Protection: Inputs and outputs shall be protected against surges 
induced on wiring including wiring installed outdoors. Communications equipment 
shall be protected against surges induced on any communications circuit. Cables 
and conductors (except fiber optics which serve as communications circuits from 
consoles to field equipment) and between field equipment, shall have surge 
protection circuits installed at each end. Protection shall be furnished at equipment, 
and additional triple electrode gas surge protectors rated for the application on each 
wire line circuit shall be installed within I meter 3 feet of the building cable entrance. 
Fuses shall not be used for surge protection. The inputs and outputs shall be tested 
in both normal mode and common mode using the following two waveforms: 

1. A 10 microsecond rise time by 1000 microsecond pulse width waveform with a 
peak voltage of 1500 volts and a peak current of 60 amperes. 

2. An 8 microsecond rise time by 20 microsecond pulse width waveform with a 
peak voltage of I000 volts and a peak current of 500 amperes. 

Power Line Surge Protection: Equipment connected to ac circuits shall be protected 
from power line surges. Equipment shall meet the requirements of IEEE C62.41. 
Fuses shall not be used for surge protection. 

SU BM ITTALS 
Submittals 

1. Equipment Data: A complete data package shall be delivered for all material, 
including field and system equipment. 

2. Certifications: Specified manufacturer’s certifications shall be included with the 
data package. 

3. Hardware Manual: A manual describing equipment furnished, including: 
a. General description and specifications. 
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b. Installation and checkout procedures. 
4. Operator's Manual: The operator's manual shall fully explain procedures and 

instructions for operation of the system. 
5. Maintenance Manual: The maintenance manual shall include descriptions of 

maintenance for all equipment including inspection, periodic preventative 
maintenance, fault diagnosis, and repair or replacement of defective 
components. 

PART 2 - PRODUCTS 

2.01 

A. 

B. 

2.02 

A. 

2.03 

A. 

B. 

ENCLOSURES 

Enclosures shall conform to the requirements of NEMA 250 for the types specified. 
Finish color shall be the manufacturer's standard, unless otherwise indicated. 
Damaged surfaces shall be repaired and refinished using original type finish. 

Interior: Enclosures installed indoors shall meet the requirements of Type I or as 
shown. 

FO CONNECTORS 

FO connectors shall be the straight tip, bayonet style, field installable, self-aligning 
and centering. FO connectors shall match the fiber core and cladding diameters. 
The connector coupler shall be stainless steel and the alignment ferrule shall be 

--ceramic. -EO -equipment-and-cable-shall-use-the-same-type- connectors. - Connector 
insertion loss shall be nominally 0.3 dB and less than 0.7 dB. 

OPTICAL FIBERS 

General 

Optical fibers shall be coated with a suitable material to preserve the intrinsic strength 
of the glass. The outside diameter of the glass-cladded fiber shall be nominally 125 
microns, and shall be concentric with the fiber core. Optical fibers shall meet EIA 455- 
46A, EIA 455-65, and ElA 455C177A. 

62.5 Micron Multimode Fibers 

Conductors shall be multimode, graded index, solid glass waveguides with a nominal 
core diameter of 62.5 microns. The fiber shall have transmission windows centered at 
850 and 1330 nanometer wavelengths. The numerical aperture for each fiber shall be 
a minimum of 0.275. The attenuation at 850 nanometers shall be 4.0 dB/Km or less. 
The attenuation at 1330 nanometers shall be 1.5 dB/Km or less. The minimum 
bandwidth shall be 160 MHZ-Km at 850 nanometers and 400 MJ-lz-Km at A300 
nanometers. FO cable shall be certified to meet EIA 455-30B and EIA 455-58A. 
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2.04 CABLE CONSTRUCTION 

A. General: The cable shall contain a minimum of two fiber optic conductors for each full 
duplex circuit. The number of fibers in each cable shall be as shown. Each fiber shall 
be protected by a protective tube. Cables shall have a jacketed strength member, and 
an exterior jacket. Cable and fiber protective covering shall be free from holes, splits, 
blisters, and other imperfections. The covering shall be flame retardant, moisture 
resistant, non-nutrient to fungus, ultraviolet light resistant as specified and nontoxic. 
Mechanical stress present in cable shall not be transmitted to the optical fibers. 
Strength members shall be non-metallic and shall be an integral part of the cable 
construction. The combined strength of all the strength members shall be sufficient to 
support the stress of installation and to protect the cable in service. The exterior 
cables shall have a minimum storage temperature range of minus 20 to plus 75 
degrees C. (minus 40 to plus 167 degrees F). Interior cables shall have a minimum 
storage temperature of minus 10 to plus 75 degrees C. (plus 14 to plus 167 degrees 
F). All cables furnished shall meet the requirement of NFPA 70. Fire resistant 
characteristics of cables shall conform to Article 770, Sections 49, 50, and 51. A 
flooding compound shall be applied into the interior of the fiber tubes, into the 
interstitial spaces between the tubes, to the core covering, and between the core 
covering and jacket of all cable to be installed aerially, underground, and in locations 
susceptible to moisture. Flooded cables shall comply with EIA 455-81A and EIA 455- 
82B. Cables shall be from the same manufacturer, of the same cable type, and of the 
same size. Each fiber and protective coverings shall be continuous with no factory 
splices. Fiber optic cable assemblies, including jacketing and fibers, shall be certified 
by the manufacturer to have a minimum life of 30 years. Plenum cable shall meet UL 
910, and riser cable shall meet UL 1666. FO cable shall be certified to meet the 
following: EIA 455C13, EIA 455C25AI EIA 455C41, EIA 455C47BI EIA 455C59, EIA 
455C61 , EIA 455C88, EIA 455691 , EIA 455C104AI and EIA 455C171. 

B. Exterior Cable 
I. Duct Cable 

a. The optical fibers shall be surrounded by a tube buffer, shall be contained 
in a channel or otherwise loosely packaged to provide clearance between 
the fibers and inside of the container, and shall be extruded from a 
material having a coefficient of friction sufficiently low to allow the fiber 
free movement. 
The cable outer jacket shall be medium density polyethylene material with 
orange pigment added for ease of identification. 
Tensile strength: Cables shall withstand an installation tensile load of not 
less than 608 pounds and not less than 135 pounds continuous tensile 
load. 
Impact and Crush resistance: The cables shall withstand an impact of 1.7 
Ibs/in as a minimum, and shall have a crush resistance of 317 pounds per 
square inch as a minimum. 

b. 

c. 

d. 

C. Interior Cable 
1. Loose buffer tube cable construction shall be such that the optical fibers shall 

be surrounded by a tube buffer, shall be contained in a channel or otherwise 
loosely packaged to provide clearance between the fibers and the inside of the 
container to allow for thermal expansions without constraining the fiber. The 
protective container shall be extruded from a material having a coefficient of 
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D. 

2.05 

A. 

B. 

2. 

friction sufficiently low to allow the fiber free movement. The cable outer jacket 
shall be flame retardant polyvinyl chloride (PVC) or fluorocopolymer (FCP), 
which complies with NFPA 70 for OFNP applications. 
a. Tensile strength: Cables of 12 fibers or less shall withstand an installation 

tensile load of not less than 250 pounds and not less than (20 pounds) 
continuous tensile load. Cables with more than 12 fibers shall withstand 
an a installation load of not less than 20 pounds and along term tensile 
load of not less than I2 pounds. 
Impact and Crush resistance: The cables shall withstand an impact of 1.1 
ft Ibs as minimum, and shall have a crush resistance of per square 
centimeter 400 Ibs/in. as a minimum. 

Tight buffer tube cable construction shall be extrusion of plastic over each 
cladded fiber, with an outer jacket of flame retardant PVC or FCP, which 
complies with NFPA 70 for OFNR requirements for riser cables and vertical 
shaft installations. Optical fibers shall be covered in near contact with an 
extrusion tube and shall have an intermediate soft buffer to allow for the thermal 
expansions and minor pressures. 
a. Tensile Strength: Cables of 12 fibers or less shall withstand an insulation 

tensile load of not less than 190 pounds and not less than (50 pounds) 
continuous tensile load. Cables with more than 12 fibers shall withstand 
an installation load of not less than 150 pounds and a long term tensile 
load of not less than 30 pounds. 
Impact and Crush resistance: The cables shall withstand an impact of 1.4 
ft-lbs as a minimum, and shall have a crush resistance of per square 
centimeter 80 Ibs/in. as a minimum. 

c. Plenum -Rated- Cables: -Cable-Ao -be installed - inside -plenums shall 
additionally meet the requirements of UL 91 0. 

b. 

b. 

Pigtail Cables 

Cable used for connections to equipment shall be flexible fiber pigtail cables having 
the same physical and operational characteristics as the parent cable. The cable 
jacket shall be flame retardant PVC or FCP, which complies with NFPA 70 for OFNP 
applications. Maximum dB loss for pigtail cable shall be 3.5 dB/km at 850 
nanometers, and 1 .O db/km at 1330 nanometers. 

MECHANICAL SPLICES 

Mechanical splices shall be suitable for installation in the field. External power 
sources shall not be required to complete a splice. Splices shall be self-aligning for 
optimum signal coupling. Mechanical splices shall not be used for exterior 
applications where they may be buried underground or laced to aerial messenger 
cables. Mechanical splices may be used for interior locations and within enclosures. 
Splice closures shall protect the spliced fibers from moisture and shall prevent 
physical damage. 

The splice closure shall provide strain relief for the cable and the fibers at the splice 
points. 

PART 3 - EXECUTION 
- -  
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3.01 I NSTALLATION/APPLI CATION/ERECTION 

System components and appurtenances shall be installed in accordance with the 
manufacturer's instructions and .as shown. Interconnections, services, and 
adjustments required for a complete and operable data transmission system shall be 
provided. 

A. Interior Work: Cable installation and applications shall meet the requirements of 
NFPA 70, Article 770, Sections 52 and 53. Cables not installed in conduits or 
wireways shall be properly secured and neat in appearance, and if installed in 
plenums or other spaces used for environmental air, shall comply with NFPA 70 
requirements for this type of installation. 

B. Exterior Underground Cable 
1. For cables installed in ducts and conduit, a cable lubricant compatible with the 

cable sheathing material shall be used on all cables pulled. Pulling fixtures 
shall be attached to the cable strength members. 
If indirect attachments are used, the grip diameter and length shall be matched 
to the cable diameter and characteristics. If an indirect attachment is used on 
cables having only central strength members, the pulling forces shall be 
reduced to ensure that the fibers are not damaged from forces being 
transmitted to the strength member. During pulling the cable pull line tension 
shall be continuously monitored using dynamometers or load-cell instruments, 
and shall not exceed the maximum tension specified by the cable manufacturer. 
The mechanical stress placed upon the cable during installation shall be such 
that the-cable is not twisted or stretched. A cable feeder guide shall be used 
between the cable reel and the face of the duct or conduit to protect the cable 
and guide it into the duct or conduit as it is unspooled from the reel. As the 
cable is unspooled from the reel, it shall be inspected for jacket defects or 
damage. The cable shall be kinked or crushed and the minimum bend radius of 
the cable shall not be exceeded during installation. Cable shall be hand fed 
and guided through each manhole and additional lubricant shall be applied at 
all intermediate manholes. When practicable, the center pulling technique shall 
be used to lower pulling tension. That is, the cable shall be pulled from the 
center point of the cable run towards the end termination points. The method 
may require the cable to be pulled in successive pulls. If the cable is pulled out 
of a junction box or manhole the cable shall be protected from dirt and moisture 
by laying the cable on a ground covering. 

2. 

C. Service Loops: Each fiber optic cable shall have service loops of not less than 9.8 
feet in length at each end. The service loops shall be housed in a service loop 
enclosure. 

D. Splices 
1. No splices will be permitted unless the length of cable being installed exceeds 

the maximum standard cable length available from a manufacturer or unless 
fiber optic pigtails are used to connect transmitters, receivers, or other system 
components for terminations to the fiber. 'Splices shall be made using the 
method recommended by the cable manufacturer. Splices shall be housed in a 
splice enclosure and shall be encapsulated with an epoxy, ultraviolet light cured 
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2. 

splice encapsulant or otherwise protected against infiltration of moisture or 
contaminants. FO splices shall be field tested at the time of splicing. Fusion 
splices shall have less than 0.2 dB loss. 
Mechanical splices shall have less than 0.5 dB loss. There shall be no more 
than 1 splice per kilometer 0.62 mile in any of the FO cables excluding 
terminations. Field splices shall be located in cable boxes. Sufficient cable 
shall be provided in each splicing location to properly rack and splice the 
cables, and to provide extra cable for additional splices. Cable ends shall be 
protected with end caps except during actual splicing. During the splicing 
operations, means shall be provided to protect the unspliced portions of the 
cable and its fibers from the intrusion of moisture and other foreign matter. 

E. 

F. 

G. 

H. 

I .  

3.02 

A. 

B. 

Connectors: Fibers at each end of the cable shall have jumpers or pigtails installed of 
not less than 3 feet in length. Fibers at both ends of the cable shall have connectors 
installed on the jumpers. The mated pair loss, without rotational optimization, shall 
not exceed 1.5 dB. The pull strength between the connector and the attached fiber 
shall not be less than 50 pounds. 

Identification and Labeling: Identification tags or labels shall be provided for each 
cable. Markers, tags and labels shall use indelible ink or etching which will not fade 
in sunlight, or in buried or underground applications. Markers, tags, and labels shall 
not become brittle or deteriorate for a period of 20 years. Label all termination blocks 
and panels with cable number or pair identifier for cables in accordance with EIA 606 
and as specified. The labeling format shall be identified and a complete record shall 
be provided to the Government with the final documentation. Each cable shall be 

-identified-with-type-of-signal- being-carried-and-termination-points.-- __ 

Enclosure Sizing and Cable: Termination enclosures shall be sized to accommodate 
the FO equipment to be installed. Sizing shall include sufficient space for service 
loops to be provided and to accommodate a neat, workmanlike layout of equipment 
and the bend radii of fibers and cables terminated inside the enclosure. 

Enclosure Penetrations: Enclosure penetrations shall be from the bottom and shall 
be sealed with rubber silicone sealant to preclude the entry of water. Conduits rising 
from underground shall be internally sealed. 

Conduit-Enclosure Connections: Conduit-enclosure connections shall be protected 
by tack welding or brazing the conduit to the enclosure. Tack welding or brazing shall 
be done in addition to standard conduit-enclosure connection methods as described 
in NFPA 70. Any damage to the enclosure or its cover's surface protection shall be 
cleaned and repaired using the same type of surface protection as the original 
enclosure. 

TESTING 

General: The Contractor shall provide personnel, equipment, instrumentation, and 
supplies necessary to perform testing. 

Contractor's Field Test: The Contractor shall verify the complete operation of the 
data transmission system in conjunction with field testing associated with systems 
supported by the fiber optic data transmission system prior to formal acceptance - 
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testing. Field tests shall include a flux density test. These tests shall be performed 
on each link and repeated from the opposite end of each link. 

C. Optical Time Domain Reflectometer Tests: Optical time domain reflectometer tests 
shall be performed using the FO test procedures of EIA 455-59. An optical time 
domain reflectometer test shall be performed on all fibers of the FO cable on the reel 
prior to installation. The optical time domain reflectometer shall be calibrated to show 
anomalies of 0.2 dB as a minimum. An optical time domain reflectometer test shall 
be performed on all fibers of the FO cable after it is installed. The optical time domain 
reflectometer shall be calibrated to show anomalies of 0.2 dB as a minimum. If the 
optical time domain reflectometer test results show anomalies greater than 1 dB, the 
FO cable segment is unacceptable. The unsatisfactory segments of cable shall be 
replaced with a new segment of cable. The new segment of cable shall then be 
tested to demonstrate acceptability. 

D. Power Attenuation Test: Power attenuation test shall be performed at the light 
wavelength of the transmitter to be used on the circuit being tested. The flux shall be 
measured at the FO receiver end and shall be compared to the flux injected at the 
transmitter end. There shall be a jumper added at each end of the circuit under test 
so that end connector loss shall be validated. Rotational optimization of the 
connectors will not be permitted. If the circuit loss exceeds the calculated circuit loss 
by more than 2 dB, the circuit is unsatisfactory and shall be examined to determine 
the problem. The Engineer shall be notified of the problem and what procedures the 
Contractor proposes to eliminate the problem. The Contractor shall prepare and 
submit a report documenting the results of the test. 

E. Gain Margin Test: The Contractor shall test and verify that each circuit has a gain 
margin which exceeds the circuit loss by at least 6 dB. 

END OF SECTION 16715 
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A. 

B. 
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D. 

Section 16725 
Fire Alarm System-AddressableNoice 

In addition to the UI- UOJZ requirement mentioned above, the system controls shall 
be UL listed for Power Limited Applications and all circuits must be marked in 
accordance with NEC Article 760-23. 

GENERAL 

All panels and peripheral devices shall be the standard product of a single 
manufacturer and shall display the manufacturer's name on each component. The 
Specifications herein are based upon products manufactured by FCI, and constitute 
the type, product quality, material, and desired operating features. Other acceptable 
manufacturers are Notifier, EST, Siemens, Edwards, Cerberus Pyrotronics, Simplex, 
or equal. 

Verification of Dimensions 
1. The Contractor shall become familiar with all details of the work, verify all 

dimensions in the field, and shall advise the N E  of any discrepancy before 
performing the work. 

0 PE RAT1 0 N 

Multiprocessor-Based: The system shall be of multiprocessor design to allow 
maximum flexibility of capabilities and operation. 

Field Programmable: The system shall be capable of being front-panel programmed 
or by means of a Field Configuration Program (FCP) allowing programming to be 

-downloaded via-portable-computer7------- -- ~ - --- 

RS-232C Serial Output: A supervised RS-232C serial port shall be provided to 
operate remote printers and/or video terminals, accept a downloaded program from a 
portable computer, or provide an 80-column readout of all alarms, .troubles, location 
descriptions, time, date, etc. The communication shall be standard ASCI I code 
operating at a 9600-baud rate. 

Control-by-Event (CBE) Program: Operation of a manual station or automatic 
activation of any smoke sensor, heat sensor, or watetflow zone shall activate the 
system control-by-event program to cause: 

1. All notification appliances to sound in a march time code pattern and strobes to 
flash. 

2. Shut down all air-handling units upon alarm initiation in any zone. Controls 
shall be in accordance with the requirements of the International Mechanical 
code. 

3. The "SYSTEM ALARM" LED shall flash and the panel sounder shall pulse. 
4. Indicate on the 80-character alphanumeric panel display the description of the 

specific analog/addressable device in alarm. The display shall be of the liquid 
crystal type (LCD), clearly visible in the dark or in poor light conditions. 

5. Close all magnetically held doors automatically. 
6. Energize programmed solenoids for activating sprinkler or extinguishing 

systems. 
7. Perform any additional function as specified herein or as shown on the plans. 
8. Activate the Digital Alarm Communicator (DACT). 
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9. The alarm activation of any elevator lobby, machine room or hoistway smoke 
detector shall, in addition to the operations listed above, cause the elevator 
cabs to be recalled according to the following sequence: 
a. If the alarmed detector is on any floor other than the main level of egress, 

the elevator cabs shall be recalled to the main level of egress. 
b. If the alarmed detector is on the main egress level, the elevator cabs shall 

be recalled to the predetermined alternate recall level as determined by 
the local authority having jurisdiction. 
The activation of any system smoke detector shall initiate an Alarm 
Verification operation whereby the panel will reset the activated detector 
and wait for a second alarm activation. If, within one minute after 
resetting, a second alarm is reported from the same or any other smoke 
detector, the system shall process the alarm as described previously. If 
no second alarm occurs within one minute, the system shall resume 
normal operation. The Alarm Verification shall operate only on smoke 

' detector alarms. Other activated initiating devices shall be processed 
immediately. The alarm verification operation shall be selectable by zone. 

c. 

E. General System Operation: When an alarm occurs, the control panel indicates the 
alarm condition until manually reset. An alarm may be acknowledged by pressing the 
"ALARM ACKNOWLEDGE" switch. This shall silence the panel sounder, and change 
the "ALARM" LED from flashing to steadily lit. All notification appliances may be 
silenced by operating the "SIGNAL SILENCE" switch. This shall steadily light the 
"SYSTEM SILENCED" LED. If a subsequent alarm is activated, the notification 
appliances shall "resound" Until again silenced. Once silenced, all notification 
appliances may be restored again by operating the "SIGNAL SILENCE" switch. 
Waterflow zones shall be non-silenceable. 

F. Alarm Verification: Smoke detector alarm verification shall be a standard option on all 
zones while allowing any dry contact device (Le.: manual stations, heat detectors, 
etc.) to create an immediate alarm. This feature shall allow smoke sensors that are 
installed in environments prone to nuisance or unwanted alarms to operate per the 
following sequence: 

1. 
2. 
3. 

4. 
5. 

6. 
NOTE: The verification sequence is suspended once a system alarm is activated. 

System Ready - prior to smoke sensor alarm. 
Smoke Sensor Alarm - @ time = 0. 
Prealarm Window - 15 seconds; a distinctive pre-alarm indication shall be 
displayed. 
Zone Reset - 5 seconds (occurs at end of pre-alarm window). 
Alarm Verification Window - 90 seconds; the system shall respond to a second 
alarm from the same smoke sensor as a system alarm. 
System Ready - no alarm verification. 

G. Alarm Signals: All alarm signals shall be automatically latched or "locked in" at the 
control panel until the operated device is returned to normal and the control panel is 
manually reset. The alarm signals shall be programmable for "non-latching" operation 
when required by the Authority Having Jurisdiction. When used for waterflow, the 
"SIGNAL SILENCE" switch shall be bypassed. 

CDP Project 07028 16725-3 



SKRECC Corporate Offices 
Somerset, Kentucky 

Section 16725 
Fire Alarm System-AddressableNoice 

H. Electrically Supervised: 
1. Each signaling line circuit and notification appliance circuit shall be electrically 

supervised for opens, shorts and ground faults. 
2. The occurrence of any fault shall activate the system trouble circuitry but shall 

not interfere with the proper operation of any circuit that does not have a fault 
condition. 
A yellow "SYSTEM TROUBLE" LED shall light and the system audible sounder 
shall steadily sound when any trouble is detected in the system. Failure of 
power, opens or short circuits on the notification appliance or signaling line 
circuits, disarrangement in system wiring, failure of the microprocessor or any 
identification module, or system ground faults shall activate this trouble circuit. 

4. A trouble signal may be acknowledged by operating the "ALARM 
ACKNOWLEDGE" switch. This shall silence the sounder. If subsequent trouble 
conditions occur, the trouble circuitry will resound. 
During an alarm, all trouble signals shall be suppressed with the exception of 
lighting the yellow "SYSTEM TROUBLE" LED. 

3. 

5. 

I. Drift Compensation - Analog Smoke Sensors: 
1. System software shall automatically adjust each analog smoke sensor 

approximately once each week for changes in sensitivity due to the effects of 
component aging or environment (i.e.: dust). Each sensor shall maintain its 
actual sensitivity under adverse conditions to respond to actual alarm 
conditions while ignoring the factors that generally contribute to nuisance 
alarms. 
The system trouble circuitry shall activate, display "DIRTY DETECTOR and 

- - -- . 'tVER-Y--DIR-n/---DF~~~~R~~indieati~ns-and-identify-the-individual-unit that has 
been compensated beyond its acceptable limits. 

2. 
- - -- - - - 

J. Analog Smoke Sensor Test: System software shall automatically test each analog 
smoke sensor a minimum of three times daily. The test shall be a recognized 
functional test of each ionization chamber (analog ionization sensors) and photocell 
(analog photoelectronic sensors) as required annually by NFPA 72. Failure of a 
sensor shall activate the system trouble circuitry, display a "Test Failed" indication, 
and identify the individual unit. 

K. Dual - Mode Walk Test: 
I. The control unit shall provide a Dual-Mode Zoned Walk Test Program that shall 

enable an individual to test the Alarm/Supervision status of each sensor or 
module connected to the system. During walk test, the control unit shall 
automatically reset after an alarm condition enabling the technician to continue 
testing the system without requiring a return to the control panel. 
During an Audible walk test, placing a device in alarm will cause four pulses on 
the notification appliance circuits. Operation of a supervisory switch will cause 
three pulses, while removal or disconnection of an initiating device will cause 
two pulses. All tests should be recorded by a printer for reference. 
A Silent walk test will record all tests by a printer for reference while not 
activating the notification appliance circuit(s). 

2. 

3. 
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SUBMITTALS 

Shop Drawings 
1. Shop drawings shall be submitted in accordance with General and Special 

Conditions and shall consist of a complete set of equipment and materials, 
including manufacturer’s descriptive and technical literature; performance 
charts and curves; catalog cuts; and installation instructions. Shop Drawings 
shall also contain complete wiring and schematic diagrams and any other 
details required to demonstrate that the system has been coordinated and will 
properly function as a unit. Drawings shall show proposed layout and 
anchorage of equipment and appurtenances, and equipment relationships to 
other parts of the work including clearances for maintenance and operation. A 
floor plan drawing indicating fire alarm devices and wiring only shall be 
submitted by the Contractor for job site use. These drawings must be approved 
by the State Fire Marshal’s Office. The Contractor is responsible for paying any 
fees and for obtaining State approval of the Fire Alarm System. The Contractor 
shall submit Shop Drawings, including wiring schematics and floor plans, to the 
Engineer for acceptance prior to making submittal to DHBC for approval. A 
copy of the approval shall be sent to the N E  once obtained. The fire detection 
and alarm system shall be coordinated with the fire suppression systems if 
provided. 
Shop Drawings for approval by DHBC are required to include the following 
information as a minimum: 

2. 

a. 
b. 

d. 
e. 
f. 
g. 
h. 
i. 

C. 

j. 
k. 

A floor plan 
Locations of alarm-initiating and notification appliances 
Alarm control and trouble signaling equipment 
Annunciation 
Power connection 
Battery calculations 
Conductor type and sizes 
Voltage drop calculations 
Manufacturers, model numbers and listing information for equipment, 
devices and materials 
Details of ceiling height and construction 
The interface of fire safety control functions 

The Contractor shall furnish 3 Operation and Maintenance manuals to be turned over 
to the Owner upon acceptance of the installation. Each manual shall be bound in a 
hard cover 3-ring binder, and indexed based on the CSI standard. The index shall 
include vendors name, address, and telephone number for all equipment purchased 
on the project. 

The Operation and Maintenance manuals shall contain copies of the State approved 
Shop Drawings, manufacturer’s operating and service manuals, parts lists, and 
manufacturer’s warranty listing the Owner by name. If the service manual from any 
one vendor covers several different model numbers, the model used on the project 
must be highlighted. The binders shall not be more than 2/3 full; if so, additional 
binders shall be furnished. Final payment to the Contractor will not be made until 
Maintenance Manuals have been received and accepted. 
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PART 2 - PRODUCTS 

2.01 FIRE ALARM CONTROL PANEL 

A. Printed Circuit Boards, Control Panel Components 
1. The control unit shall be contained in a steel cabinet. 
2. All groups of circuits or common equipment shall be clearly marked. The control 

unit shall be red in color and shall include the following features: 
a. 
b. 

Auxiliary SPDT alarm and trouble dry contacts. 
A solid-state power transfer circuit that shall switch to standby power 
automatically and instantaneously if normal power fails or falls below 15% 
of normal ("brown out" conditions). This circuit shall allow the batteries to 
be effectively "floated" on the operating system to avoid upsetting normal 
microprocessor operation and minimize resultant nuisance troubles 
and/or alarms. This circuit shall be physically isolated from the power 

A ground fault detector to detect positive or negative grounds on the 
signaling line circuits, notification appliance circuits and power circuits. A 
ground fault indication shall occur on the display and the general trouble 
devices shall operate as specified herein but shall not cause an alarm. 
Lightning protection shall be a standard feature of the fire alarm control 
panel and shall be incorporated in the power supply circuit, common 
control circuits and notification appliance circuits. Systems that require an 
optional module to provide this protection shall not be considered equal. 

e. Individual overcurrent protection shall be provided for the following: 

' supply to facilitate service. 
c. 

d. 

_________ _ _ _  - smoke-detector-(resettable)-power;-main-power-supply~ battery standby 
power, and auxiliary (non-resettable) output. 
A common reset and lamp test switch, labeled "SYSTEM RESET/LAMP 
TEST" shall be provided on panel. 

f. 

B. Central Station Option: 
1. The fire alarm control panel shall provide an integral Digital Alarm 

Communicator Transmitter(DACT) for signaling to a Central Station. The DACT 
shall contain a "Dialer-Runaway'' feature preventing unnecessary transmissions 
as the result of intermittent faults in the system and shall be Carrier Access 
Code (CAC) compliant, accepting up to 20-digit central station telephone 
numbers. 

2. The fire department shall be consulted as to the authorized central station 
com pa nies serving the municipality . 

3. The fire alarm system shall transmit both alarm and trouble signals with the 
alarm having priority over the trouble signal. 

4. The Contractor shall be responsible for all installation charges. The first year, 
central station monitoring fee shall also be included in the Contract. 

C. System Cabinet: 
I. The system cabinet shall be either surface or semi-flush mounted with a texture 

finish and shall consist of three parts: backbox, backplate, and door. The 
system cabinet houses the microprocessor and related system circuitry. 
The cabinet shall be of dead-front steel construction; the door shall be of 
molded plastic. The system components shall be installed on a hinged 
mounting plate, which may be removed to facilitate installation and testing of 

2. 

- 
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field wiring. A minimum of a l-inch wiring gutter space shall be provided behind 
the mounting plate. Wiring shall be terminated on removable terminal blocks to 
allow field servicing of all modules without disrupting system wiring. 

D. 

E. 

F. 

G. 

H. 

I. 

LED Indicator and Outputs: A green "AC ON" LED on the lamp cluster shall indicate 
the presence of primary power. 

Battery Charger: The power supply shall contain a battery charger with a maximum 
average charging current of 1 ampere. If the system loses AC power, a System 
Trouble shall occur. The output shall be supervised and overcurrent protected. The 
charger shall be capable of maintaining sealed lead-acid batteries up to 31- 
ampere/hour capacity. 

Batteries for local or proprietary systems, shall be of sufficient capacity to provide 
power for the entire system upon loss of normal AC power for a period of twenty-four 
(24) hours with five (5) minutes of alarm signaling at the end of this twenty four hour 
period as required by NFPA 72. 

Connections and Circuits: Connections to the light and power service shall be on a 
dedicated branch circuit in accordance with the National Electrical Code (NEC). The 
circuit and connections shall be mechanically protected. The circuit disconnecting 
means shall be accessible only to authorized personnel and shall be clearly marked 
"FIRE ALARM CIRCUIT CONTROL." 

Basic System Module: 
1. Enclosed within the system cabinet, the basic system module shall contain the 

power supply, microprocessor, memory, system operating software stored on a 
non-volatile EPROM, system configuration memory stored on a non-volatile 
EEPROM, and the circuits necessary to support a fire alarm system. Volatile 
memory shall not be acceptable. 

2. The module shall function as the system control center, processing all 
messages from the field devices (supervisory, trouble, alarm). 

Microprocessor: 
I. The microprocessor shall execute all supervisory programming to detect and 

report the failure or disconnection of any module or peripheral device. An 
isolated "watchdog" circuit shall monitor the microprocessor and upon failure 
shall activate the system trouble circuits on the display. 

2. The microprocessor shall access the system program, for all control-by-event 
(CBE) functions. The system program shall not be lost upon failure of both 
primary and secondary power. 

J. Signaling Line Circuits: 
I. The basic system module shall provide communication with all 

analog/addressable devices (initiation/control) via two (2) signaling line circuits. 
Each signaling line circuit shall be capable of being wired Class A, Style 6. 
Class B, Style 4 operation shall be provided. 
Each circuit shall communicate with a maximum of ninety nine (99) analog 
sensors and ninety eight (98) addressable mdnitor/control devices. 

2. 
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3. The first ninety-nine device addresses (1-99) on each circuit shall be dedicated 
to analog sensors, while addresses 101-198 shall be reserved for 
monitor/control devices. 

K. 

L. 

M. 

N. 

0. 

Real-Time Clock: The basic system module shall contain a real-time clock capable of 
monitoring all real-time programming and all time control functions. 

Notification Appliance Circuits: 
1. Two (2) independent notification appliance circuits shall be provided on the 

basic module, polarized and rated at 1.5 amperes DC per circuit, individually 
overcurrent protected and supervised for opens, grounds, and short circuits. 
They shall be wired for Class B, Style Y, and be capable of being wired Class 
A, Style 2. 
Power output shall be regulated so that any UL Listed notification appliances 
with an operating voltage range of 17-26 VDC may be installed on the circuits. 

2. 

Trouble Dry Contacts: Trouble dry contacts (Form C) shall be provided rated 2 amps 
@ 30 VDC (resistive) and shall transfer whenever a system trouble occurs. 

Alarm Dry Contacts: Alarm dry contacts (Form C) shall be provided rated 2 amps @ 
30 VDC (resistive) and shall transfer whenever a system alarm occurs. 

Display: 
1. The system display shall furnish audible and visual annunciation of all alarms 

and trouble signals. Dedicated LEDs shall be provided for: 
- _ _  - _ _ _ ~ _ ~ . - ~  -- ___ - - 

LED Function 
Green AC Power On 
Red Alarm 
Yellow Supervisory 
Yellow System Trouble 
Yellow Power Fa u I t 
Yellow Ground Fault 
Yellow NAC 1 Silenced 
Yellow NAC 2 Silenced 
Yellow System Silenced 

2. The 80-character alphanumeric display shall provide status of all 
analog/addressable sensors, monitor and control points), and a 12-key keypad 
which shall permit selection of functions. The display shall be of the liquid 
crystal type (LCD), clearly visible in the dark and under all light conditions. 

3. The panel shall contain four (4) functional keys and three (3) programming 
buttons: 
a. Alarm Acknowledge 
b. Trouble Acknowledge 
c. Signal Silence 
d. System Reset/Lamp Test 

Programming Buttons: 
a. Menu/Back 
b. Back Space/Edit 
c. OK 
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2.02 

A. 

B. 

C. 

D. 

E. 

PERIPHERAL DEVICES 

Analou Photoelectronic Smoke Sensors 
1. 

2. 

3. 

4. 

5. 

6.  
7. 

- 
Analog photoelectronic sensors shall have a low profile and be capable of being 
set at four sensitivity settings of: "LOW, LOW MEDIUM, MEDIUM, MEDIUM 
HIGH, and HIGH" levels. 
Automatic and manual functional sensitivity and performance tests shall be 
possible without the necessity of generating smoke. This method shall test all 
sensor circuitry and a "Failed Test" indication shall display for any failed test. 
Two LEDs providing 360-degree visibility of operating status and alarm 
indication shall be provided on each sensor. The LEDs shall pulse periodically 
indicating that the sensor is receiving power and communication is taking place. 
This feature shall be field programmable. Upon alarm, these LEDs shall light 
continuously. An alarm output shall be available for remote annunciation. 
The system shall check the sensitivity of each sensor periodically. If a sensor 
alarm threshold sensitivity has changed, due to aging and/or dust accumulation, 
the system shall automatically compensate for this change (drift compensation). 
Each sensor shall allow for the setting of two sensitivity levels. These levels 
may be programmed so that when the building is occupied, a sensor will be 
less sensitive than when the building is unoccupied. This feature permits 
sensors to be more reliable and at the same time reduces/minimizes unwanted 
alarms. This feature shall also provide for programmable weekend days, where 
the sensor will remain at an unoccupied sensitivity level. 
The sensor screen and cover assembly shall be removable for field cleaning. 
Each sensor shall be interchangeable with ionization sensors via adapter and 
twistlock mounting base, to ensure matching the proper sensor to the potential 
hazards of the areas being protected. In all cases the system shall recognize 
when an improper sensor type has been installed in a previously programmed 
sensor type location. 

Addressable Monitor Module: An addressable monitor module with an initiating 
circuit wired Class A, Style D shall be furnished to provide an address for individual, 
normally open (N.O.) contact devices. 

Addressable Dual Monitor Module: An addressable monitor module with two (2) 
initiating circuits wired Class A, Style D shall be furnished to provide two addresses 
for individual, normally open (N.O.) contact devices. 

Addressable Monitor Module: An addressable monitor module with an initiating 
circuit capable of being configured either Class A, Style D or Class B, Style B shall be 
furnished to provide an address for an individual, normally open (N.O.) contact 
device, or a collective address for a group of such devices. 

The module shall contain a yellow status LED that shall flash when in a quiescent 
mode and light continuously when in alarm. The LED shall be field programmable not 
to provide quiescent status indication, if so desired. 

Addressable Output Modules: An addressable output module shall be connected to 
the same signaling line circuit as the analogladdressable monitor devices and shall 
provide a relay output (Form "C" 2 amp @ 24 VDC, resistive only). 

CDP Project 07028 16725-9 



SKRECC Corporate Offices 
Somerset, Kentucky 

Section 16725 
Fire Alarm System-AddressableNoice 

F. Fault Isolator Module: This module enables part of the signaling line circuit to 
continue operating when a short circuit occurs on a section of it. An LED flashes in 
the normal condition and lights during a short circuit condition. The module 
automatically restores the entire circuit to the normal condition when the short circuit 
is removed. This module may be used in multiple, in any combination with other 
modules, providing circuit operation similar to that of NFPA Style 7, and does not 
require an address on the signaling line circuit. 

G. Manual Fire Alarm Stations: 
I. Single Action Manual Station 

a. Furnish and install a manual station as indicated on the drawings. Each 
station shall be of the non-coded single action type requiring pulling 
forward of an actuator door to activate the alarm switch. Upon pulling 
forward of the door, the unit shall lock into a readily observable "alarm" 
position. 
The station shall be constructed of aluminum (6065/T5), equipped with a 
break glass rod feature, and require a key to reset. This key shall be 
keyed alike with the control cabinet. The stations shall employ a highly 
reliable action to activate an alarm. This feature shall provide an 
exceptionally high resistance to accidental operation. 

b. 

H. Duct Smoke Detectors 
1. The contractor shall furnish and install where shown on plans, photoelectronic 

duct smoke detectors wired in a 4-wire configuration. The detectors shall be UL 
Listed under UL Standard 268A for duct smoke detectors and allow remote 

__ - __ - - functional-testing without-generating-smoke.---- - _ _  _ 

a 

I. Notification Appliances 
1. 

2. 

Strobe devices shall contain xenon flash tubes and operate at 24VDC. The 
strobe shall have a clear front diffuser silk screened with the word "FIRE" in red 
letters. The strobes shall have a flash rate of 1 .O to 1 .I flashes per second, and 
be synchronized with other system strobes. The output rate shall be 15/75 
candela, and meet applicable ADA and UL 1971 requirements. Where strobes 
are provided in sleeping areas, they shall be provided with an output rate of I10 
candela (non-synchronized). 
Combination horn/strobe devices shall include the strobe specified above, plus 
an electronic horn with eight (8) field selectable sounds: horn, bell, hi-lo, chime, 
siren, slow whoop, single stroke bell, and temporal pattern. Horn output shall 
be a minimum of 75 dBA, as tested under UL standard 464 or 1480 conditions. 

J. Supplementary Notification Appliance Panel 
I. Furnish and install supplementary panels for providing extended power and 

signal circuitry to notification appliance circuits as indicated on the Drawings, or 
as required to accommodate the number of devices shown. 
Each panel shall provide four (4) 24VDC, Class A, Style Z notification appliance 
circuits, which may be activated in groups of two or four by connection to 
normally open dry contacts or existing notification appliance circuits. The panel 
shall be suitable for either non-coded operation, coded operation, temporal 
pattern or a combination. 
The panel shall operate at 120V, and include its own batteries and battery 
charger. The panel shall be supervised for ground fault, overcurrent, open 

2. 

3. 
-- _- __ 
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K. 

2.03 

A. 

2.04 

A. 

circuits, and low battery conditions. Ground fault, battery, and circuit trouble 
conditions in the panel shall automatically open the notification appliance 
circuit, transmitting a trouble signal to the main fire alarm control panel 

Electromagnetic Door Holders: Electromagnetic door holders shall be provided. to 
hold fire and smoke barrier doors open until released by an alarm. The holders shall 
have approximately 35 Ib. (15.9 kg) holding power and offer fail safe operation. The 
door holders shall be capable of operation on 12 VDC, 24 VAC, 24 VDC, or 120 VAC 
interchangeably without need of any configuration. All holders shall release through 
the contacts of the control panel after an alarm has been initiated from any zone on 
the plans. All circuits shall be separately fused. 

VISUAL ANNUNCIATION 

Remote Serial Annunciator 
I. 

2. 

3. 

4. 

Furnish and install where shown on the plans a remote serial annunciator. The 
annunciator shall provide an 80-character display, which shall duplicate all 
information on the basic system display with the exception of menus. It shall 
also contain the following function keys: Alarm Acknowledge, Trouble 
Acknowledge, Signal Silence, System Reset/Lamp Test and System Drill Test. 
The cabinet shall contain a keylock which will enable the switches only when 
placed in the “ON” position, with the exception of the Trouble Acknowledge 
which is used to silence the local trouble audible sounder. 
The annunciator shall also contain the following LEDs: Alarm, Supervisory, 
System Trouble, Power Fault, System Silenced, NAC #I Silenced, NAC #2 
Silenced. 
The annunciator shall mount on a standard three-gang surface or flush 
electrical box. The control panel shall accommodate up to five (5 )  remote LCD- 
7100 annunciators, which can be located up to 4,000 feet from the control 
panel. 

SPECIAL TOOLS 

Special tools necessary for the maintenance of the equipment shall be furnished. Two 
percent of the total number of each detector, but no less than two each, shall be 
furnished. 

PART 3 - EXECUTION 

3.01 INSTALLATION/APPLICATION/ERECTION 

A. Provide and install the system in accordance with the Drawings and Specifications, all 
applicable codes and the manufacturer’s recommendations. All wiring shall be 
installed in strict compliance with all the provisions of NEC Article 760 A and C, 
Power-Limited Fire Protective Signaling Circuits or if required may be reclassified as 
non-power limited and wired in accordance with NEC Article 760 A and B. Upon 
completion, the Contractor shall so certify in writing to the Owner and general 
Contractor. 
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B. All junction boxes shall be sprayed red and labeled “Fire Alarm.” Wiring color code 
shall be maintained throughout the installation. 

C. Installation of equipment and devices that pertain to other work in the Contract shall 
be closely coordinated with the appropriate subcontractors. 

D. The Contractor shall clean all dirt and debris from the inside and the outside of the 
fire alarm equipment after completion of the installation. 

E. The manufacturer’s authorized representative shall provide on-site supervision of 
installation. 

F. Grounding shall be provided to building ground. 

G. The circuit breaker feeding the fire alarm panel shall be provided with a lock on 
device. 

3.02 TESTING 

A. The completed fire alarm system shall be fully tested in accordance with NFPA-72 by 
the Contractor in the presence of the Owner’s representative and the state DHBC 
inspector. Upon completion of a successful test, the Contractor shall so certify in 
writing to the Owner. 

3.03 OWNER TRAINING 
- __ _ _ ~  ___ _ _  _ _ _ _ _ _ ~  - _- 

A. The system manufacturer shall train the Owner’s representative (operator) on the 
system operation: History Log review and use; switch operation and use; alarm 
review, reset and evacuation operations; systems drills; trouble review and reset 
operations. See Section 16050 for additional requirements. 

3.04 WARRANTY 

A. The Contractor shall warrant the completed fire alarm system wiring and equipment to 
be free from inherent mechanical and electrical defects for a period of I year from the 
date of the completed and certified test. 

B. The equipment manufacturer shall make available to the Owner a maintenance 
contract proposal to provide a minimum of 2 inspections and tests per year in 
com pl iance with N FPA-72 guidelines . 

END OF SECTION 16725 
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Specific 
Gravity Source Type 

cement 
flyash 

silica fume 
coarse aggregate 

fine aggregate 
water 

other ( ) 
Total 

STR UCTUML ENGINEERS 

Weight Absolute 
(Ib.) Vol. (cu. ft.) 

27.0 cu. ft. 

CONCRETE MIX DESIGN SUBMITTAL FORM 

Project: 

City, State: 

General Contractor: 

Concrete Contractor: 

Mix Design Number: 

Concrete Strength (Class): 

Use (describe): 

Design Mix Information 

Check 

Based on Standard Deviation Analysis 
Based on Trial Mix Laboratory Test Data 

Design Characteristics ~1 (28 days) 
Density 
Strength 

Air 
Slump inches 

Iftrial mixes are used, the Mix Design is proportioned to achievefcr. = f c  f 12OOpsi 
(14OOpsi for strength higher than 5OOOpsi at 28 days) 

Materials 

WaterlCementitious Ratio (W/C) = % (Ibs. water /lbs. cernentitious) 



water reducer 
air entraining agent 

high range water reducer 
non-corrosive accelerator 
other ( > 

Slump before high range water reducer = inches 
Slump after high range water reducer = inches 

Dosage Manufacturer (oz./cwt) l 
I 

I 

Age 
7 days 
7 days 
28 days 
28 days 
28 days 
average 

_______-_ 

Standard Deviation Analysis (field experience records) 

Mix #1 Mix #2 Mix #3 
Compressive 

Strength 
psi psi psi 
psi psi psi 
psi psi psi 
psi psi psi 

NA psi NA psi NA psi 

Date Compressive 
Strength Date Compressive 

Strength Date 
~ _ _ _ _ _ _ _  ~ - - 

Number of test cylinders evaluated: 
Required avg. compressive strength (P c + 1.34s): 

Standard deviation (s): 
Actual avg. compressive strength: 

(refer to ACI 301 for standard deviation calculation - attach copies of laboratory test reports) 

Trial Mix Laboratory Test Data 

(refer to ACI 301 for trial mix procedure - attach copies of laboratory test reports) 

Required Attachments 

Please 
check 

Coarse aggregate gradation report 
Fine aggregate gradation report 

Laboratory test reports (strength tests) 
Admixture compatibility certification letters 

Ready Mix Supplier 

Name and Address: 

Phone: Miles from project: Date: 


