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SECTION 042000 

UNIT MASONRY 

PART 1 GENERAL 
 

1.1 GENERAL REQUIREMENTS 

A. Work of this Section, as shown or specified, shall be in accordance with the requirements 
of the Contract Documents. 

1.2 SECTION INCLUDES 

A. The Work of this Section includes all labor, materials, equipment and services necessary 
to complete the unit masonry work as shown on the drawings and/or specified herein, 
including but not necessarily limited to the following: 

1. Concrete block walls and partitions. 

2. Metal joint reinforcing, anchors, ties, weeps, closures and related accessories for 
masonry. 

3. Control and expansion joints in masonry, filled with joint fillers. 

4. Mortar net. 

5. Chases, recesses, pockets and openings in masonry as required for installation of 
work by others. 

6. Building in of items furnished by others into masonry, including access doors, door 
frames, anchors, sleeves and inserts, and other similar items to be embedded in 
masonry. 

7. Grouting in of metal items built into masonry work. 

8. Protection, pointing and cleaning of masonry. 

1.3 RELATED SECTIONS 

A. Concrete - Section 033000. 

B. Firestops and smokeseals - Section 078413. 

C. Sealant - Section 079200. 

1.4 SUBMITTALS 

A. Submit Samples for the following: 
 

1. Joint reinforcing, each type, width and proposed location (labeled). 

2. Anchors, wedges and ties, each type, width and proposed location (labeled). 

3. Joint filler, each type. 
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4. Flashing, including splice sample, 12" long. 

5. Mortar color, 12" long cured sample. 

B. Submit technical and installation information for the following: 

1. Mortar materials, each material and mortar type. 

2. Certification of mortar mix. 

3. Concrete block, joint reinforcing, anchors, ties and joint filler; submit manufacturer's 
technical and descriptive literature. 

4. Block manufacturer shall submit certifications of compliance with ASTM C 90, C 331 
and UL 618 prior to any job site delivery. Field sampling of concrete block may be 
tested by an Independent Testing Laboratory retained by the Owner according to 
the requirements of ASTM C 140. 

C. Construction Procedures (Submit the following) 

1. Procedures and materials for cleaning masonry work; including certification that 
cleaner will not adversely affect stone, gaskets, sealants, etc. 

1.5 QUALITY ASSURANCE 

A. Conform to the following non-cumulative tolerances (any masonry work not meeting 
these standards shall be re-built as directed by the Architect). 

1. Variation from the plumb: 
 

 
a. In lines and surfaces of columns, walls and arrises: 

1). In 10 feet 1/8" 
2). In any story of 25 feet maximum 1/4" 
3). In 40 feet or more 1/4" 

b. For external corners, expansion joints and other conspicuous lines: 
1). In any story of 25 feet maximum 1/4" 
2). In 40 feet or more 3/8" 

2. Variation from the level or the grades indicated on the drawings; for exposed 
lintels, sills, parapets, horizontal grooves and other conspicuous lines: 

a. In any bay or 20 feet maximum 1/4" 
b. In 40 feet or more 1/4" 

 
3. Variation of the linear building lines from established position in plan related 

portion of columns and partitions: 

a. In any bay or 20 feet maximum 1/4" 
b. In 40 feet or more 1/2" 

 
4. Variation in cross-sectional dimensions of columns and in thickness of walls: 

a. Minus 1/8" 
b. Plus 1/8" 
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5. Variation in dimensions of masonry openings: 

a. Horizontal dimension -0" + 1/16" 
b. Vertical dimension +0" - 1/16" 

 
B. Job Mock-Up 

1. Prior to installation of masonry work, erect sample wall panel mock-up using 
materials, bonding patterns and joint tooling required for final work and including 
cavity wall, masonry sill, typical pier with returns and stone base, window unit and 
sill, projecting courses, anchors and reinforcement as detailed. Provide special 
features as directed by the Architect for caulking and contiguous work. Build mock-
up at the site, 4' x 4' size as directed by the Architect, indicating the proposed range 
of colors, textures and workmanship to be expected in the completed work. 
Reconstruct mock-up if directed by the Architect until it meets with Architect's 
approval. Obtain Architect's acceptance of visual qualities of the mock-up before 
start of masonry work. Retain mock-up during construction as a standard for judging 
completed masonry work. Do not alter, move or destroy mock-up until work is 
completed and accepted by the Architect. Use sample panels to test proposed 
cleaning procedures after sample panel meets with Architect's approval. 

2. Approved sample panel shall remain on view at the site until completion of face 
brick work and shall establish the technical and aesthetic standards for the Project. 

3. Architect shall direct distribution of brick color and texture variation within mock-up. 
 

 
C. Factory Control 

1. The Architect reserves the right to visit the brick manufacturer's facility and review 
pre-sorting so that all brick falls within a color range acceptable to the Architect. 

2. 4' x 4' mock-ups shall be constructed at the factory using the face brick specified. 
This mock-up, after approval of the Architect, shall become the quality control panel 
for the selected brick. 

3. Prior to any shipment of the face brick from the factory, the Architect reserves the 
right to inspect the brick for the thoroughness of the pre-sorting and to reject any 
brick which in his opinion do not fall within acceptable color range. 

D. Work of this Section shall conform to the requirements of the following (unless otherwise 
superseded by prevailing Building Code): 

1. 2008 ACI 530/ASCE 5/TMS 402 Building Code Requirements for Masonry 
Structures. 

2. 2008 ACI 530-1/ASCE 6/TMS 602 Specifications for Masonry Structures. 

3. Brick Industry Association (BIA) "Technical Notes on Brick Construction." 

E. Pre-Construction Conference: Prior to installation of masonry and associated work, 
Contractor shall arrange a meeting with Masonry Subcontractor, installers of related 
work, and other entities concerned with masonry wall performance, including the 
Architect and Owner. Contractor shall record discussions and agreements and furnish 
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copies to each participant. Provide at least seventy-two (72) hours' advance notice to 
participants prior to convening conference. Review methods and procedures related to 
masonry work, including, but not limited to, the following: 

1. Review masonry requirements (drawings, specifications and other Contract 
Documents). 

2. Review required submittals, both completed and yet to be completed. 

3. Review and finalize construction schedule related to masonry work and verify 
availability of materials, installer’s personnel, equipment and facilities needed to 
make progress and avoid delays. 

4. Review required inspection, testing, certifying and material usage accounting 
procedures. 

5. Review weather and forecasted weather conditions, and procedures for coping with 
unfavorable conditions. 

6. Coordinate work with air/vapor barrier membrane and related flashing, review details 
to avoid conflicts. 

1.6 PRODUCT HANDLING 

A. General: Deliver, store, handle and protect all materials from damage, moisture, dirt and 
intrusion of foreign matter. Store all masonry units and mortar materials on raised 

 
platforms and under ventilated and waterproof cover. Store packaged materials in 
manufacturer's unopened containers, marked with manufacturer's name and product 
brand name. Immediately reseal containers after partial use. Remove and replace 
damaged materials. 

B. Masonry Units: Pack, deliver and store to prevent breakage, cracking, chipping, spalling 
or other damage. Store, protect and ventilate units at project site. 

C. Aggregate: Store with provisions for good drainage. 

D. Reinforcement and Anchors: Store and protect so that when placed, joint reinforcement 
and anchors will be free of soil, dirt, ice, loose rust, scale, or other coatings which would 
destroy or reduce bond with mortar, and will not be disfigured or bent out of shape. 

1.7 CODE REQUIREMENTS 

A. Work of this Section shall conform to all applicable requirements of the State of New 
Jersey Building Code. 

1.8 TESTING FOR EFFLORESCENCE 

A. Test selected face brick for efflorescence in accordance with ASTM C 67. 

B. If, at the end of the test period, the samples of brick or mortar show efflorescence, the 
materials represented shall be rejected and new materials shall be re-tested. This 
process shall be repeated until no efflorescence appears. Testing shall be done by an 
independent testing laboratory at the expense of the Contractor; submit test results in 
writing to the Architect. 
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1.9 JOB CONDITIONS 

A. In cold weather, when the outside temperature is below forty (40) degrees F., conform to 
the requirements of "Cold Weather Masonry Construction and Protection 
Recommendations" publication by Brick Industry Association (BIA). No anti-freeze 
admixtures are permitted. 

1. In addition, conform to the following: 

a. Masonry materials must be warmed as required. 
b. Brickwork must be protected a minimum of 24 hours after installation so as to 

maintain enough heat for hydration of the cement in the mortar. 
 

B. Hot-Weather Requirements: Protect unit masonry work when temperature and humidity 
conditions produce excessive evaporation of water from mortar and grout. Provide 
artificial shade and wind breaks and use cooled materials as required. Do not apply 
mortar to substrates with temperatures of 100 deg. F. and above. In addition, conform to 
the following: 

1. Masonry materials must be cool. 

2. Mortar must be used within 2 hours of initial mixing. 
 
 

 
C. Protection of Masonry: During erection, cover tops of walls, projections, and sills with 

waterproof sheeting at end of each day's work. Cover partially completed masonry when 
construction is not in progress. 

1. Extend cover a minimum of 24" down both sides and hold cover securely in place. 

2. Where one wythe of multi-wythe masonry walls is completed in advance of other 
wythes, secure cover a minimum of 24" down face next to unconstructed wythe and 
hold cover in place. 

D. Stain Prevention: Prevent grout, mortar, and soil from staining the face of masonry to be 
left exposed or painted. Immediately remove grout, mortar, and soil that come in contact 
with such masonry. 

1. Protect base of walls from rain-splashed mud and mortar splatter by coverings 
spread on ground and over wall surface. 

2. Protect sills, ledges, and projections from mortar droppings. 

3. Protect surfaces of window and door frames, as well as similar products with painted 
and integral finishes, from mortar droppings. 

4. Turn scaffold boards near the wall on edge at the end of each day to prevent rain 
from splashing mortar and dirt on completed masonry. 

1.10 ATTIC STOCK 

A. Provide additional 10% of dry mortar mix labeled, packaged and delivered to location 
determined by Owner for attic stock. 
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B. Provide additional 5% of brick labeled, packaged and delivered to location determined by 
Owner for attic stock. 

 
PART 2 PRODUCTS 

 
2.1 MATERIALS 

A. Standard Concrete Block 

1. Portland cement, ASTM C 150, Type 1, low alkali (less than 65) one source. 

2. Aggregates, ASTM C 331, lightweight expanded shale, clay or slate aggregates, 
manufactured by the rotary kiln process equal to "Solite," "Norlite," or "Haydite." 

a. Block scheduled to receive painted finish shall contain normal weight 
aggregate meeting ASTM C-33 in addition to light weight aggregate in order 
to receive a smooth, uniform finish. 

 
3. Concrete Masonry Units: Load bearing lightweight aggregate concrete masonry 

units conforming to the requirements of ASTM C 90. 

a. Block behind face brick and block for rated walls shall be 75% solid units. 
b. All other block may be hollow units. 

 

 
4. The producer of the concrete masonry units shall furnish certification from an 

independent testing laboratory confirming that all 8" or larger masonry units meet all 
of the UL 618 requirements for two (2) hours or better (as required), referencing full 
scale fire test reports (ASTM E 119). All 4" and 6" units shall conform to "National 
Bureau of Standards" and "National Research Council" full scale fire tests. 

5. Sizes and Shapes: Nominal face size 8" x 16" by thickness as indicated on drawings, 
with stretcher units, jamb units, header units, square corner units (at ends and 
corners of exposed or painted work), sash units (at control joints within masonry 
wall), lintel units and other special shapes and sizes required to complete the work. 

6. Finish: For exposed or painted block surfaces, in addition to ASTM requirements, 
block shall have uniformly dense, flat, fine grain texture, with no cracks, chips, spalls, 
or other defects which would impair appearance. For concealed CMU, surfaces shall 
be free from deleterious materials that would stain plaster or corrode metal. 

7. Curing: All concrete block shall be steam cured, and air dried for not less than thirty 
(30) days before delivery. 

8. Density of concrete block shall not exceed one hundred and five (105) lbs. per cubic 
foot. 

9. Shrinkage: Shrinkage of concrete blocks shall not exceed 0.065% when tested in 
accordance with ASTM C 426-99. 

10. Water Content 

a. At the time of delivery to the job site, concrete masonry units shall have a 
value, in weight of contained water, of not more than thirty (30) percent of the 
fully saturated content for the unit tested. 
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b. Ship all units from the factory, and store at the job site, with all necessary 
protection to prevent increase of water content from rain and other sources. 

B. Brick 

1. Size:  Unless otherwise indicated, provide modular bricks size as follows - 
3-5/8" h. x 2-1/4" th. x 7-5/8" w. 

2. Facing Brick: ASTM C 216, Grade SW, Type FBX, equal to  . 

3. Where brick is fully concealed provide common brick conforming to ASTM C 62, 
Grade SW. 

4. Provide all special molded shapes as indicated on the drawings. 

5. For sills, caps and similar applications resulting in exposure of brick surfaces which otherwise 
would be concealed from view, provide uncored units with all exposed surfaces finished. 

 

 
C. Joint Reinforcing for Masonry Walls 

1. Non-Seismic Construction: For anchoring face brick to CMU back-up, provide 
welded "ladder" design, of 3/16" dia. gauge steel rods with adjustable 3/16" wire 
rectangular pintle anchors fastened to reinforcement 16" o.c. Provide special formed 
prefabricated pieces at corners and intersections of walls or partitions. Anchors to 
extend at least 2" into face of brick. Show anchor locations on approved shop 
drawings. Joint reinforcing shall be equal to Ladder Type 270 with "Lox All 
Adjustable Anchor" made by Hohmann & Barnard or equal manufactured noted 
below in Para. C.6. 

a. Reinforcing assembly shall have hot dip galvanized steel finish conforming to 
ASTM A 153 with zinc coating of 1.5 oz. of zinc per sq. ft. after fabrication. 

2. Seismic Construction: For anchoring face brick to CMU back-up, provide No. 280 
"S.I.S. Dub’l Loop-Lock Ladder Seismiclip Interlock System" made by Hohmann & 
Barnard or equal by manufacturer noted below in Para. C.6. All wire used in 
assembly shall be 3/16" dia. Assembly shall contain ladder reinforcing, welded 
loops, box tie, seismiclip and continuous wire in face brick mortar joint. Provide 
special formed prefabricated pieces at corners and intersections of walls or 
partitions. Reinforcing wire in face brick mortar joint to extend at least 2" into face 
of brick. Show anchor locations on approved shop drawings. 

a. Reinforcing assembly shall be hot dip galvanized steel finish conforming to 
ASTM A 153 with zinc coating of 1.5 oz. of zinc per sq. ft., after fabrication. 

 
3. For block walls forming part of exterior wall construction behind exterior stone 

veneer, provide super heavy duty reinforcing fabricated of 3/16" dia. side and cross 
rods, truss or ladder design, ties, spaced every block course. Provide prefabricated 
pieces at corners and intersections of walls or partitions. 

a. Reinforcing assembly shall be hot dip galvanized steel finish conforming to 
ASTM A 153 with zinc coating of 1.5 oz. of zinc per sq. ft., after fabrication. 

 
4. For interior block walls and partitions, provide standard reinforcing fabricated of 9 

ga. side and cross rods, truss or ladder design, no ties, spaced every other block 
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course. Provide prefabricated pieces at corners and intersections of walls or 
partitions. Reinforcing shall be mill galvanized conforming to ASTM A 641, Class B-
1, applied after fabrication. 

5. Wire used in assemblies noted above shall be cold drawn steel wire conforming to 
ASTM A 82. 

6. Approved Joint Reinforcing Manufacturer: Hohmann & Barnard, or approved equal. 

 
D. Anchors and Ties 

 

 
1. For anchoring brick to cold formed metal framing, provide one of the following or 

approved equal by other manufacturers noted above in Para. C.6: 

a. "Wing-Nut Pos-I-Tie®" with self-drilling screw for steel studs zinc barrel and 
thermal wing-nut as manufactured by Heckmann Building Products. Provide 
Seismic Wire Pintle Tie hot-dip galvanized steel. 

b. Hot-dip galvanized steel anchors equal to "X-Seal Veneer Anchor" with "X- 
Seal Tape" as manufactured by Hohman & Barnard or approved equal. 
Provide Model 187 "Seismiclip" with 9 ga. Wire. 

 
2. Dovetail Anchor Slots: Hot-dip galvanized steel, 16 gauge equal to No. 100 Dovetail 

Anchor Slot made by Heckmann Building Products, No. 305 anchor slot made by 
Hohmann & Barnard, or approved equal by other manufacturers in Para. C.6. 

3. Flexible Metal Ties for Dovetail Slots: Hot-dip galvanized, 16 gauge by 1" wide by 
Heckmann Building Products Inc., or approved equal manufacturer noted above in 
Para. C.6. 

a. No. 106 Dovetail Corrugated Anchor. 
b. No. 129 Dovetail Triangle Tie. 

 
4. Wire Mesh: Hot-dip galvanized sixteen (16) gage steel wire, square mesh, width 3" 

by length to suit condition; No. 268 by Heckmann Building Products, or approved 
equal by manufacturer noted above in Para. C.6. 

5. For anchoring face brick to concrete back-up where there are no dovetail slots 
provided, provide "CMU/Concrete Screw Wing-Nut Pos-I-Tie®" with five (5) gauge 
hot-dip galvanized (ASTM A 153, Class B-2) wire pintle tie made by Heckmann 
Building Products, or approved equal by manufacturer noted above in Para. C.6. 

6. For anchoring CMU wall, at the exterior masonry cavity wall, to the underside of the 
concrete beam, provide dovetail slot as noted above and the following: 

a. No. 121 galvanized steel dowel anchor and No. 421 tube as manufactured by 
Heckmann Building Products or approved by manufacturer noted above in 
Para. C.6. Galvanized to conform to ASTM A 153, Class B-2. 

b. No. PTA-310 galvanized steel dowel anchor and No. NS-TA joint filler as 
manufactured by Hohmann & Barnard or approved equal by manufacturer 
noted above in Para. C.6. Galvanizing to conform to ASTM A 153, Class B- 
2. 

7. For anchoring masonry to structural steel, provide hot-dip galvanized steel, as listed, 
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or approved equal by manufacturer noted above in Para. C.6: 

a. Made by Heckmann Building Products. Galvanizing shall conform to ASTM 
A 153, with zinc coating of 1.5 oz. of zinc per sq. ft. 
1). No. 195 Column Anchors 
2). No. 197 Column Anchors 
3). No. 315 Weld-On Anchor Rods with No. 316 Triangle Ties 

4). No. 315-B Weld-On Anchor Straps with No. 316 Triangle Ties 

 
b. Made by Hohmann & Barnard or approved equal. Galvanizing shall conform 

to ASTM A 153, with zinc coating of 1.5 oz. of zinc per sq. ft. 
1). No. 355 Column Anchors 
2). No. 356 Column Anchors 
3). No. 357 Beam Anchors 
4). No. 359 F anchor straps with VWT tie. 

 
8. For anchoring CMU interior partitions to underside of steel beams, provide hot dip 

galvanized steel tube anchors equal to No. 419 and No. 421 made by Heckmann 
Building Products, No. PTA-420 made by Hohmann & Barnard, or approved equal 
by manufacturer noted above in Para. C.6. 

9. For anchoring CMU interior partitions to underside of structural deck, provide 4" x 4" 
x 1/4" galvanized steel angles (ASTM A 36), 3'-0" long spaced 3'-0" o.c. alternately 
on each side of partition. Anchor partition securely to structural deck. 

E. Reinforcing Bars and Rods: ASTM A 615, Grade 60. See Drawings for size. 

F. Control and Expansion Joint Fillers 

1. Vertical Installation Within Concrete Masonry Wall: Extruded high grade neoprene 
rubber, cross shape, for use with concrete masonry sash units, which shall provide 
a force fit in the grooves of the sash block, and shall have 1/2" diameter tubular ends 
(compressed 25% when installed in 3/8" wide joint). 

a. Provide the following sizes: 
1). 2-5/8" wide control joint fillers for 4" block walls. 
2). 4-5/8" wide for 6" block walls. 
3). 6-5/8" wide for 8", 10" and 12" block walls. 

b. Provide backer rod and sealant joint over joint filler as per drawings and 
Section 079200 of these specifications. 

2. Isolation Joint Filler at Abutting Construction and at Intersecting CMU Walls: 
Compressible and resilient closed cell neoprene gasket with pressure sensitive 
adhesive backing, thickness 30% greater than thickness of joint. Acceptable joint 
filler shall be "Everlastic, Type NN-1" by Williams Products, Inc., or approved equal. 
Recess joint filler and install backer rod and sealant as per drawings and Section 
079200 of these specifications. 

3. Within Face Brick: Provide filler rod and sealant installed by Section 079200. Filler 
depth shall be 2 times joint width. 

a. Compressible filler between top of brick and bottom of shelf angle or steel 
lintel shall be “Soft Joint Sealant” made by Polytite, or approved equal. 

 
4. Within Expansion Joint at Face Brick: Manufacturer’s standard preformed, pre- compressed, 
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open-cell polyurethane foam sealant impregnated with a water based, non-drying polymer 
modified acrylic water repellent. Provide “Seismic Colorseal” installed to twenty-five 25 
percent compression, as manufactured by Emseal or approved equal. 

 
a. Properties: Permanently elastic, mildew resistant, non-migratory, non- 

staining, and compatible with joint substrates and other joint sealants. Density: 
8.4 to 9.1 lb./cu. ft.. 

 
2.2 MORTAR MATERIALS 

A. Portland Cement: ASTM C 150, Type 1, standard color, one source. 

B. Hydrated Lime: ASTM C 207, Type S, as manufactured by Corsons, or approved equal. 

C. Aggregate: Clean, washed, buff colored sand, graded per ASTM C 144. 

D. Aggregate for Grout: ASTM C 404. 

E. Water: Clean, fresh and suitable for drinking. 

2.3 MORTAR MIX 

A. Exterior Face Brick Construction: Mortar mixes shall meet ASTM C 270, Type N, 
cement/lime mortar. Colors of mortars shall use coloring agent made by Davis Colors, 
Lehigh Cement or approved equal. Color of mortar to meet with Architect's approval. The 
Contractor may use pre-packaged colored mortar equal to "Color Mortar Blend" made by 
Glen-Gery. 

1. Color of mortar must meet with Architect’s approved sample and mock-up panel. 

B. Exterior Block Back-Up Construction: Provide Portland cement/lime mortar as noted 
above conforming to ASTM C 270, Type N. 

C. Interior Masonry Construction: Provide Portland cement/lime mortar conforming to ASTM 
C 270, Type N, for load bearing conditions, mortar shall conform to ASTM C 270, Type 
M. 

D. Reinforced Concrete Block: Provide Portland cement/lime mortar conforming to ASTM 
C 270, Type S. 

E. Mortar for Cement Cants: One (1) part Portland cement and four (4) parts sand, by 
volume. 

F. Grout for Unit Masonry: Comply with ASTM C 476 for grout for use in construction of unit 
masonry. Use grout of consistency (fine or coarse) at time of placement which will 
completely fill all spaces intended to receive grout. Grout shall have a minimum 
compressive strength of 3000 psi when tested in accordance with ASTM C 1019. 

G. Mixing 

1. General: Add cement just before mixing and mix dry. Use sufficient amount of water 
as necessary to produce workable mix. Mix in small batches to make plastic mass. 

2. Mixing: Machine mix all mortars in approved type mixer with device to accurately and 
uniformly control water. Add hydrated lime dry. Mix dry materials not less 
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than two (2) minutes. Add water, then mix not less than three (3) minutes, not to 
exceed five (5) minutes. Mix only amount of mortar that can be used before initial 
set. Do not use mortar which has reached its initial set or two (2) hours after initial 
mixing, whichever comes earlier. Mortar may not be re-tempered. Clean mixer for 
each batch, whenever mortar type is changed, and at end of each day's work. 

3. Acceleration or other admixtures not permitted. 

4. Mortar shall have a flow after suction of not less than seventy-five (75) percent of 
that immediately after mixing as determined by ASTM C 91. 

H. Admixtures 

1. No air-entraining admixtures or cementitious materials containing 
air-entraining admixtures shall be used in the mortar. 

2. No antifreeze compounds or other substances shall be used in the mortar to lower 
the freezing point. 

3. Calcium chloride or admixtures containing calcium chloride shall not be used in 
mortar. 

2.4 WEEP HOLES 

A. Provide clear plastic weep holes 3/8" wide and 1-1/2" high by four (4) inches long equal 
to No. 342 made by Hohmann & Barnard or approved equal manufacturer listed above. 

2.5 THRU-WALL FLASHING 

A. Provide sheet membrane flashing as part of exterior wall membrane system. Provide 
sealants and tapes as recommended by the manufacturer. Provide preformed corner 
sections "end dams" with system when flashing is discontinuous. 

1. Provide flashing for surface adhered applications at sheathed areas with 26 ga. 
stainless steel termination bar. 

2. Wall flashing shall have 26 ga. stainless steel drip edge adhered to edge of 
flashing, drip edge shall be set in sealant as specified in Section 079200. 

2.6 MORTAR NET 

A. Provide 10" high HDPE "Mortar Net" open mesh mortar net of width to fit masonry cavity 
shown on drawings, manufactured by Hohmann & Barnard, or equal "Mortar Break II," 
made by Advanced Building Products. 

 
PART 3 EXECUTION 

3.1 SURFACE CONDITIONS 

A. Inspection 
 
 

 
1. Prior to all work of this Section, carefully inspect the installed work of all other trades 
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and verify that all such work is complete to the point where this installation may 
properly commence. 

2. Verify that masonry may be completed in accordance with all pertinent codes and 
regulations, the referenced standards, and the original design. 

3. Do not start any work until mock-ups are approved by the Architect. 

B. Discrepancies 

1. In the event of discrepancy, immediately notify the Architect in writing. 

2. Do not proceed with installation in areas of discrepancy until all such discrepancies 
have been fully resolved. 

3. Starting of work by the Contractor means acceptance by the Contractor of the 
substrate. 

3.2 COORDINATION 

A. Carefully coordinate with all other trades to ensure proper and adequate interface of the 
work of other trades with the work of this Section. 

 
 

 
3.3 PREPARATION 

A. Brick 

1. Wet brick having an initial rate of absorption greater than 30 grams per 30 square 
inches when tested per ASTM C67. Wet bricks by allowing water to run on the cubes 
or pallets of brick, or placing them in a large tank of water. 

2. Except for absorbent units specified to be wetted, lay masonry units dry. 

B. Concrete Block: Do not wet concrete block units. 

3.4 INSTALLATION 

A. General 

1. Build walls to the full thickness shown. Build single wythe walls to the actual 
thickness of the masonry units, using units of nominal thickness shown. 

2. Build chases and recesses as shown or required for the work of other trades. 

3. Leave openings for equipment to be installed before completion of masonry work. 
After installation of equipment, complete masonry work to match work immediately 
adjacent to the opening. 

4. Lay out walls in advance for accurate spacing of surface bond patterns with uniform 
joint widths and to properly locate openings, movement type joints, returns and off-
sets. Avoid the use of less than half size units at corners, jambs and wherever 
possible. 

5. Lay up walls plumb and true with courses level, accurately spaced and coordinated 
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with other work. 

6. Provide templates made of steel studs for plumbing of two story masonry openings. 

7. Pattern Bond: Lay exposed masonry patterns as noted on drawings. If not shown, 
provide running bond. Lay concealed concrete block with all units in a wythe bonded 
by lapping not less than two (2) inches. Bond and interlock each course of each 
wythe at corners. Do not use units of less than four (4) inches horizontal face 
dimensions at corners or jambs. 

8. Where possible, masonry walls and partitions shall be built after all overhead ducts, pipes 
and conduits are in place and tested. Masonry shall be neatly built around the items above. 
Walls and partitions shall be plumb, true to line and free from defects such as open cells, 
voids, dry joints and other similar defects. In rooms and spaces scheduled to have concrete 
block finish, all such surfaces including upper wall surfaces up to termination of structural 
ceiling in spaces without suspended ceilings, shall be made suitable for paint application. 
Cutting of openings in walls and partitions in place shall be done only with the approval of the 
Architect. 

 

 
9. Do not use any brick that do not meet chippage and tolerances of the applicable 

ASTM standard noted herein for the grade, type or class of brick. 

10. Mortar, ties and reinforcement must not extend into or bridge any expansion joints. 

B. Mortar Bedding and Jointing 

1. All joints between bricks shall be completely filled with mortar. Bed joints shall be 
beveled per BMI recommendations, with the brick then shoved in place. At cavity 
wall construction, care shall be taken that no excess mortar goes into masonry 
cavity. Head joints shall be completely filled with mortar and shall be formed by 
applying a full coat of mortar to the entire end or the entire side, as the case requires, 
and then shoving the mortar covered end and/or side of the brick tightly against the 
bricks previously laid; the practice of “slushing” by throwing mortar into the head 
joints will not be permitted. All brick shall be laid without disturbing the brick 
previously laid. Brick shall be laid within a minute or so after the mortar is placed. 
Dry or butt joints will not be permitted. Grouting shall be done only as necessary. 
Do not slush head joints. 

2. After brick placement, mortar squeezed out of bed joints shall be cut off before 
tooling. 

3. Lay concrete masonry units with full mortar coverage on horizontal and vertical face 
shells. Bed webs in mortar in starting course on exterior walls and in all courses of 
piers, columns and pilasters, where solid CMU is used and where adjacent to cells 
or cavities to be reinforced or filled with concrete or grout. 

a. To ensure alignment of brick and block coursing, adjust block back-up by 
cutting block to ensure alignment of coursing or use adjustable anchorage. 

 
4. Lay masonry walls with 3/8" joints unless otherwise shown on drawings. 

5. Tool exposed joints slightly concave after the mortar joint is “thumbprint” hard. 
Concealed joints shall be struck flush, including at any CMU schedule to receive a 
waterproofing or air barrier membrane. 
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6. Remove masonry units disturbed after laying; clean and reset in fresh mortar. Do 
not pound corners at jambs to fit stretcher units which have been set in position. If 
adjustments are required, remove units, clean off mortar and reset in fresh mortar. 

C. Stopping and Resuming Work: Rake back 1/2 brick length in each course; do not tooth. 
Clean exposed surfaces of set masonry, wet units lightly (if required) and remove loose 
masonry units and mortar prior to laying fresh masonry. 

D. Built-In Work 

1. As the work progresses, build in items specified under this and other Sections of 
these specifications. Fill in solidly with masonry around built-in items. 

2. Mortar in door frames, access doors, louvers and other metal items embedded or 
built into masonry work solidly with mortar as the masonry units are laid up. 

 

 
3. Grout under lintels, bearing plates, and steel bearing on masonry with solid bed 

grout. 

4. Sleeves, pipes, ducts and all other items which pass through masonry walls shall be 
caulked with interior grade sealant meeting requirements of Section 079200, so as 
to be air tight and prevent air leakage. Refer to Section 078413 for packing of voids 
in rated masonry walls. 

5. Fill vertical cells of masonry units solid with grout which have anchoring, reinforcing 
rods, supporting or hanging devices embedded in the cell including stone anchors 
and window or curtain wall anchors. 

6. Fill vertical cells of masonry units solid with mortar on each side of door frames to 
sixteen (16) inches beyond. 

7. Unless otherwise noted, fill vertical cells of masonry units solid with grout which are 
below steel bearing plates, steel beams, and ends of lintels, to eight (8) inches 
beyond bearing and from floor to bearing. 

8. Place wire mesh in horizontal joint below masonry unit cells to be filled with mortar, 
to prevent mortar from dropping into unfilled cells below. 

9. Masonry indicated as being reinforced shall have all voids filled solid with grout. 
Grout shall be consolidated in place by vibration or other methods which ensure 
complete filling of cells. When the least clear dimension of the grouted cell is less 
than two (2) inches, the maximum height of grout pour shall not exceed twelve (12) 
inches. When the least clear dimension is two (2) inches or more, maximum height 
of grout pour shall not exceed forty-eight (48) inches. When grouting is stopped for 
one (1) hour or longer, the grout pour shall be stopped 1-1/2" below the top of a 
masonry unit. Vertical bar reinforcing shall be accurately placed and held in position 
while being grouted, and shall be in place before grouting starts. All such reinforcing 
shall have a minimum clear cover of 5/8". Lap all bars a minimum of forty (40) bar 
diameters and provide steel spacer ties (not to exceed 192 bar diameter) to secure 
and position all vertical steel and prevent displacement during grouting. Provide 
continuous horizontal reinforcement embedded in mortar joints every second 
course. 

E. Cutting and Patching 
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1. All exposed masonry which requires cutting or fitting shall be cut accurately to size 
with motorized carborundum or diamond saw, producing cut edges. 

2. Do not saw cut any masonry openings in face brick construction without Architect's 
approval and after a procedure has been reviewed and approved. 

3. Holes made in exposed masonry units for attachment of handrail brackets and 
similar items shall be neatly drilled to proper size. 

4. All masonry which requires patching in exposed work, if approved by Architect, shall be 
patched neatly with mortar to match appearance of masonry as closely as possible and to the 
Architect's satisfaction. Rake back joints and use pointing mortar to match as required. 

 

 
F. Solid Wall Construction 

1. Fill the vertical longitudinal joint between wythes solidly with mortar by parging the 
in-place wythe and shoving units into the parging. 

2. Tie wythes with continuous horizontal reinforcement embedded in mortar joints 
sixteen (16) inches o.c. vertically. 

G. Cavity Walls 

1. All exterior masonry walls, unless otherwise indicated, shall be cavity walls of 
thickness indicated. 

2. Two wythes of masonry cavity walls shall be securely tied together by horizontal joint 
reinforcement and ties anchored to reinforcement, as herein specified, spaced every 
other block course. 

a. Where cavity back-up is concrete use ties specified herein spaced sixteen 
(16) inches o.c. both directions. 

 
3. Cavity between facing and backing wythe shall be kept clean and clear of all mortar 

droppings, and no mortar ledges shall project into the cavity. Temporary wood strips, 
cut to width of cavity and fitted with lift-up wires, shall be laid on the joint 
reinforcement and carefully lifted out before placement of the next layer of 
reinforcement. Any projecting mortar shall be spread over the back of the outer 
wythe immediately following the setting of the masonry unit. 

a. Mortar net shall be installed at the bottom of each cavity over the flashing to 
protect weep holes. 

 
4. At cavity and solid walls adjacent to window openings fill block solid with mortar 

where window anchors are to be located. Coordinate with window subcontractor. 

5. Concrete block back-up at cavity wall construction shall be anchored to slab at top 
with dovetail anchors spaced sixteen (16) inches o.c. 

6. Anchor CMU back-up with anchors as specified herein. 

7. Where stone veneer is used (Section 044200) in cavity wall configuration, back-up 
block shall be reinforced every block course. 
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8. Refer to Section 072100, "Thermal Insulation," for material and installation of cavity 
wall insulation. 

H. Interior Block Partitions 

1. Build to full height unless otherwise shown on drawings. At non-rated partitions fill void 
between CMU and structural deck with continuous neoprene filler conforming to the 
requirements of Section 079100. At fire rated partitions, fill void with fire stop material 
meeting the requirements of Section 078413. Fasten to structure at top of partition using steel 
angles as specified herein. 

 

 
2. Provide continuous horizontal joint reinforcing every other block course, except as 

otherwise noted. Fully embed longitudinal side rods in mortar for their entire length 
with a minimum cover of 5/8". Lap reinforcement a minimum of six (6) inches at 
ends of units. 

3. Provide continuity at corners and wall intersections by use of prefabricated "L" and 
"T" sections. Cut and bend units as directed by manufacturer for continuity at 
returns, offsets, column fireproofing, pipe enclosures and other special conditions. 

4. Corners 

a. Provide interlocking masonry unit bond in each course at corners. 
b. Provide continuity at corners with prefabricated "L" reinforcement units, in 

addition to masonry bonding. 
 

5. Intersecting and Abutting Walls 

a. Unless vertical control joints are shown as part of structural frame, provide 
interlocking masonry bond. Provide starters and special shapes as shown on 
the drawings to bond these walls. 

b. In addition to masonry bonding, provide horizontal reinforcement using 
prefabricated "T" units at interior partitions. 

I. Ties and Anchors for Masonry Construction 

1. Provide ties and anchors as shown or specified, but not less than one metal tie, 
spaced not to exceed sixteen (16) inches o.c. horizontally and/or vertically. Provide 
additional ties within 1'-0" of all openings and adjacent to expansion joints and 
spaced not more than 16" apart around perimeter of openings. 

2. Anchor masonry to structure complying with the following: 

a. Provide an open space not less than 1/2" in width between masonry and 
structural member, unless otherwise shown. Keep open space free of mortar 
or other rigid materials. 

 
3. Attach brick veneer to cold formed metal framing by anchoring brick to studs using 

specified anchors penetrating through sheathing and through flange of stud. Prior 
to application of anchors cover sheathing and vapor barrier with tape specified 
herein. Space anchors 8" o.c. at each stud; provide stainless steel screw anchors 
for attaching anchor to studs. 

J. Control and Expansion Joints 
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1. Provide expansion, control and isolation joints in masonry as shown. Build in related 
items as the masonry work progresses. 

2. CMU Control Joint Spacing: If location of control joints is not shown, place vertical 
joints spaced not to exceed 25'-0" o.c. In addition, locate joints at points of natural 
weakness in the masonry work, including the following: 

a. At structural column or joint between bay. 
b. Above control joints in the supporting structure. 

 

 
c. Above major openings at end of lintels upward and below at ends of sills 

downward. Place at one side of jamb for openings less than 6'-0" wide and at 
both sides for openings over 6'-0" wide. 

d. At reduction of wall thickness. 
e. Where masonry abuts supporting structure. 
f. If additional joints are required, indicate same on approved shop drawings. 

 
3. Brick Veneer Expansion Joint Spacing: Vertical expansion joints in brick veneer 

construction shall be located maximum 20'-0" o.c. unless otherwise noted in addition 
to expansion joints located within 2'-0" of each corner of the building. 

K. Lintels 

1. Install loose steel lintels furnished by Section 055000, allowing eight (8) inch 
bearing at ends. 

2. For concrete block walls, use specially formed U-shaped concrete block lintel units 
with reinforcing bars in accordance with the following table, filled with grout. 

 

Number and Size of Reinforcing Bars 
Required at Concrete Block Lintels 

Maximum Clearance Span Wall Width 
Rebar 

No. - Size 

2'-0" to 6'-0" 
6'-0" to 8'-0" 

6" 2 - #3 
2 - #4 

2'-0" to 6'-0" 
6'-0" to 8'-0" 

8" 2 - #3 
2 - #4 

2'-0" to 6'-0" 
6'-0" to 8'-0" 

12" 3 - #3 
3- #4 

 
3. U-shaped concrete block lintels shall extend a minimum of 8” at each side of 

opening. 
 

 
3.5 FLASHING/WEEP HOLES 

A. General: Install embedded flashing and weep holes in masonry at relieving angles, shelf 
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angles, lintels, ledges, other obstructions to the downward flow of water in the wall, and 
where indicated. Space weeps 16" o.c. unless otherwise shown on drawings. Weeps 
shall occur immediately above the flashing. 

B. Prepare masonry surfaces so that they are smooth and free from projections that could 
puncture flashing. 

C. Flashing shall be placed, generally, at bottoms of cavity wall construction, over all wall 
openings, window jambs, at sills of window, and in other locations where indicated on 

 
the drawings. Flashing shall overlap a minimum of 6". At bottoms of cavity walls, the 
flashing shall be built extending from the exterior face of the brick, up and into the mortar 
joint 2" at the inner wythe of the CMU back-up; at sheathed areas attached with pressure 
bar. At concrete spandrel beams and columns the flashing shall be installed with a 
termination bar. Extreme care shall be exercised in placing the masonry materials not to 
damage the flashing. Flashing damaged during the masonry erection shall be repaired 
or replaced by the Contractor at no additional cost to the Owner. Discontinuous flashing 
shall terminate with an end dam in a head joint, rising at least 1". 

D. When spanning an air space, flashing shall be supported with a mortar wash, insulation 
or treated wood blocking. 

E. Where flashing is penetrated by anchors, patch flashings at penetration using adhesive 
and mastic recommended by the manufacturer to ensure watertight seal. 

F. Install flashing in accordance with manufacturer's instructions, using adhesive, primer, 
thinner, cleaner and mastic as recommended by flashing manufacturer. 

1. Flashing shall overlap adjacent piece of flashing a minimum of 6". 

G. Provide drip edge when flashing extends beyond face of brick. 

3.6 CANTS 

A. Provide specified mortar for cement cants at beams and other projections in elevator 
shafts, where adjoining wall is of masonry construction. Cants shall slope twenty (20) 
degrees from the horizontal. 

3.7 CLEANING, PROTECTION, ADJUSTMENT 

A. Protection 

1. The Contractor shall take adequate precautions for the protection of all surfaces 
against mortar spatter, and shall immediately remove any such spatter should it 
inadvertently occur, leaving no stain or discoloration. 

2. Excess mortar shall be wiped off the masonry surfaces as the work progresses. 

3. Wood coverings shall be placed over all such masonry surfaces as are likely to be 
damaged during the progress of the entire project. 

4. Protective measures shall be performed in a manner satisfactory to the Architect. 

5. Damaged masonry units shall be replaced to satisfaction of the Architect. 

6. Exterior masonry walls shall be draped with waterproof covering until copings are in 
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place, to prevent water penetration in cavity. 

B. Clean-Up: Upon completion, all exposed masonry shall be thoroughly cleaned following 
recommendations of the BIA Technical Note No. 20. Before applying any cleaning agent to the entire 
wall, it shall be applied to a sample wall area of approximately 4' x 4' in a location approved by the 
Architect. No further cleaning work may proceed until the sample area has been approved by the 
Architect, after which time the same cleaning materials and method shall be used on the remaining wall 
area. If stiff brushes and water do not suffice, the surface shall be thoroughly saturated with clear water 
and then scrubbed with a solution of an approved detergent masonry cleaner, equal to "Vana Trol" 
made by ProSoCo Inc. or equal made by Diedrich or approved equal, mixed and applied as per 
manufacturer's directions, followed immediately by a thorough rinsing with clear water. All adjacent 
non- masonry surfaces shall be thoroughly protected during cleaning. 

a. Unless otherwise required by cleaning agent manufacturer use only low 
pressure device (30 to 50 psi) for application of cleaning agent and water 
rinsing. 

C. Pointing: Point any defective joint with mortar identical with that specified for that joint. 
 
 
 

END OF SECTION
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SECTION 078100 

 
SPRAYED FIRE-RESISTIVE MATERIALS 

 
PART 1 GENERAL 

 
1.1 GENERAL REQUIREMENTS 

A. Work of this Section, as shown or specified, shall be in accordance with the requirements 
of the Contract Documents. 

1.2 SECTION INCLUDES 

A. Work of this Section includes all labor, materials, equipment, and services necessary to 
complete the sprayed fire-resistive materials as shown on the drawings and/or specified 
herein, including, but not necessarily limited to, the following: 

1. Spray-on fireproofing for structural steel and metal decking. 

2. Seal coat over fireproofing in special areas. 

3. Preparation of surfaces. 

4. Field quality control. 

1.3 RELATED SECTIONS 

A. Firestops and smokeseals – Section 078413. 

1.4 SUBMITTALS 

A. Product Data: For each fire-resistive product specified. 

B. Shop Drawings: Submit structural framing plans indicating the following: 

1. Locations and types of surface preparations required before applying sprayed fire- 
resistive material. 

2. Extent of sprayed fire-resistive material for each construction and fire-resistance 
rating, including the following: 

a. Applicable fire-resistive design designations of a qualified testing and 
inspecting agency acceptable to authorities having jurisdiction. 

b. Minimum thicknesses needed to achieve required fire-resistance ratings of 
structural components and assemblies. 

 
3. Identify restrained and unrestrained assemblies on shop drawings, show required 

thickness of fireproofing for each assembly. 
  



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 

 

 
  SPRAYED FIRE-RESISTIVE MATERIALS 

  078100 – 2 of 10 

Permitting and Bidding   March 6, 2026 

C. Product Certificates: Signed by manufacturer of sprayed fire-resistive material certifying 
that the products furnished comply with requirements. 

D. Installer Certificates: Signed by manufacturer certifying that installers comply with 
specified requirements. 

E. Qualification Data: For firms and persons specified in "Quality Assurance" Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of architects and owners, and other 
information specified. 

F. If primer is to be used steel and/or metal deck, submit certifications by supplier of primer 
that primer is compatible with materials, and will not impair the required performance of 
the installed fireproofing. Such certification shall be accompanied by evidence that the 
primer was successfully used in conjunction with the fireproofing material in a UL test 
applicable to the construction. Submit certification prior to application of primer. 

1. Coordinate with Section 051200 – Structural Steel and 053100 – Metal Deck, and 
Structural Drawings prior to application of primer. 

G. Product Test Reports: Indicate that physical properties of proposed sprayed fire- resistive 
materials comply with specified requirements based on comprehensive testing of current 
product formulations by a qualified testing and inspecting agency according to 
requirements specified in "Quality Assurance" Article. 

H. Code Compliance: Proposed product must comply with prevailing Building Code and be 
approved by those individuals having jurisdiction. 

I. Letter from manufacturer stating that the UL Design selected for the project is not load 
restricted. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: Engage an experienced installer certified, licensed, or otherwise 
qualified by sprayed fire-resistive material manufacturer as having the necessary 
experience, staff, and training to install manufacturer's products according to specified 
requirements. A manufacturer's willingness to sell its sprayed fire-resistive materials to 
Contractor or to an installer engaged by Contractor does not in itself confer qualification 
on the buyer. 

B. Submit data indicating that products containing no detectable asbestos as determined 
according to the method specified in 40 CFR, Part 763, Subpart E, Appendix E, 
Section 1, "Polarized Light Microscopy." 

C. Mockups: After processing of initial submittals and before delivery and installation of 
fireproofing materials, prepare a sample installation of fireproofing work, approximately 
100 sq. ft. in area; providing an example of each type required, applied on each different 
substrate, to produce each different rating as required and reasonably representative of 
entire sprayed on fireproofing work, for joint approval by representative of fire resistant 
material manufacturer and Owner. Work in other areas shall not proceed until mock-up 
has been completed. Mock-up work which remains in compliance with requirements and 
is in undamaged and acceptable condition may be retained as final work in place. 
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1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver products to Project site in original, unopened packages with intact and legible 
manufacturers' labels identifying product and manufacturer; date of manufacture; shelf 
life, if applicable; and fire-resistance ratings applicable to Project. 

B. Use materials with limited shelf life within period indicated. Remove from Project site and 
discard materials whose shelf life has expired. 

C. Store materials inside, under cover, aboveground, so they are kept dry until ready for 
use. Remove from Project site and discard materials that have deteriorated. 

1.7 PROJECT CONDITIONS 

A. Environmental Limitations: Do not apply sprayed fire-resistive material when ambient or 
substrate temperatures are 40 deg F. or lower, unless temporary protection and heat is 
provided to maintain temperatures at or above this level for 24 hours before, during, and 
for 24 hours after product application. 

B. Ventilation: Ventilate building spaces during and after application of sprayed fire- 
resistive material to achieve a minimum of four air changes per hour. Use natural means 
or, where this is inadequate, forced-air circulation until fire-resistive material dries 
thoroughly. 

1.8 SEQUENCING 

A. Sequence and coordinate application of sprayed fire-resistive materials with other related 
work specified in other Sections to comply with the following requirements: 

1. Provide temporary enclosures for interior applications to prevent deterioration of fire-
resistive material due to exposure to unfavorable environmental conditions. 

2. Avoid unnecessary exposure of fire-resistive material to abrasion and other damage 
likely to occur during construction operations subsequent to its application. 

3. Do not apply fire-resistive material to metal roof deck substrates until roofing has 
been completed; prohibit roof traffic during application and drying of fire-resistive 
material. Fireproofing shall be considered dry when the moisture content is 6% or 
less. 

4. Do not begin applying fire-resistive material until clips, hangers, supports, sleeves, 
and other items penetrating fire protection are in place. 

5. Defer installing ducts, piping, and other items that would interfere with applying fire-
resistive material until application of fire protection is completed. 

6. Do not install enclosing or concealing construction until after fire-resistive material 
has been applied, inspected, tested, and corrections have been made to defective 
applications. 

 
7. Protect permanently exposed walls, floor or special surfaces. 

1.9 WARRANTY 

A. General Warranty: The special warranty specified in this Article shall not deprive Owner 
of other rights Owner may have under other provisions of the Contract Documents and 
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shall be in addition to, and run concurrent with, other warranties made by Contractor 
under requirements of the Contract Documents. 

B. Special Warranty: Submit a written warranty, executed by Contractor and cosigned by 
Installer, agreeing to repair or replace sprayed fire-resistive materials that fail within the 
specified warranty period. 

1. Failures include, but are not limited to, cracking, flaking, eroding in excess of 
specified requirements; peeling; and delaminating of sprayed fire-resistive materials 
from substrates due to defective materials and workmanship within the specified 
warranty period. 

2. Not covered under the warranty are failures due to damage by occupants and 
Owner's maintenance personnel, exposure to environmental conditions other than 
those investigated and approved during fire-response testing, and other causes not 
reasonably foreseeable under conditions of normal use. 

C. Warranty Period: Three (3) years from date of Substantial Completion. 

 
PART 2 PRODUCTS 

 
2.1 CONCEALED SPRAYED FIRE-RESISTIVE MATERIALS 

A. General: For concealed applications of sprayed fire-resistive materials, provide 
manufacturer's standard products complying with requirements indicated in this Article 
for material composition and physical properties representative of installed products. 

1. Steel members are to be considered unrestrained unless specifically noted 
otherwise. 

B. UL design listings must state that the loading was determined by Allowable Stress Design 
Method or Load and Resistance Factor Design Method. UL design listings requiring a 
load restriction factor will not be allowed. 

C. Material Composition: As follows: 

1. Cementitious sprayed fire-resistive material consisting of factory-mixed, dry 
formulation of gypsum or Portland cement binders and lightweight mineral or 
synthetic aggregates mixed with water at Project site to form a slurry or mortar for 
conveyance and application. 

D. Physical Properties: Minimum values, unless otherwise indicated, or higher values 
required to attain designated fire-resistance ratings, measured per standard test methods 
referenced with each property listed as follows: 

1. Dry Density: Minimum 15 lb./cu. ft. for average and individual densities regardless 
of density indicated in referenced fire-resistive design, or greater if required to 



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 

 

 
  SPRAYED FIRE-RESISTIVE MATERIALS 

  078100 – 5 of 10 

Permitting and Bidding   March 6, 2026 

the City of Philadelphia Building Code for Type of construction indicated on 
drawings. 

 
 

 
attain fire-resistance ratings indicated, per ASTM E 605 or AWCI Technical Manual 
12-A, Appendix A, "Alternate Method for Density Determination." 

2. Thickness: Provide minimum average thickness required for fire-resistive design 
shown on approved submittals. 

a. Fireproofing shall be of thicknesses and density to meet the requirements of 

the NJDCA for Type of construction indicated on drawings. 

 
3. Bond Strength: Not less than 200 lbf/sq. ft. per ASTM E 736. 

4. Compressive Strength: 5.21 lbf/sq. in. as determined in the laboratory per 
ASTM E 761. Minimum thickness of sprayed fire-resistive material tested shall be 
0.75 inch and minimum dry density shall be as specified, but not less than 15 
lb./cu. ft. 

5. Corrosion Resistance: No evidence of corrosion per ASTM E 937. 

6. Deflection: No cracking, spalling, delamination, or the like per ASTM E 759. 

7. Effect of Impact on Bonding: No cracking, spalling, delamination, or the like per 
ASTM E 760. 

8. Air Erosion: Maximum weight loss of 0.025 g/sq. ft. in 24 hours per ASTM E 859. 
For laboratory tests, minimum thickness of sprayed fire-resistive material is 0.75 
inch, maximum dry density is 15 lb./cu. Ft., test specimens are not prepurged by 
mechanically induced air velocities, and tests are terminated after 24 hours. 

9. Fire-Test-Response Characteristics: Provide sprayed fire-resistive materials with 
the following surface-burning characteristics as determined by testing identical 
products per ASTM E 84 by UL or another testing and inspecting agency acceptable 
to authorities having jurisdiction. 

a. Flame Spread: 10 or less. 
b. Smoke Developed: 0. 

 
10. Fungal Resistance: No observed growth on specimens per ASTM G 21. 

E. Products: Subject to compliance with requirements, provide products by one of the 
following: 

1. Cementitious Sprayed Fire-Resistive Material 

1. Pyrolite 5GP; Carboline Co., Fireproofing Products Div. 
2. Monokote Type MK-6; GCP Applied Technologies. 
3. Cafco 300; Isolatek International Corp., Cafco Products. 
4. Type F3; Promat Firetemp. 

 
2.2 SPRAYED FIRE-RESISTIVE MATERIALS FOR EXPOSED FIREPROOFING 

A. General: For exposed applications of sprayed fire-resistive materials, provide 
manufacturer's standard products complying with requirements indicated for material 
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composition and for minimum physical properties of each product listed, measured by 
standard test methods referenced with each property. 

1. Steel members are to be considered unrestrained unless specifically noted 
otherwise. 

B. UL design listings must state that the loading was determined by Allowable Stress Design 
Method or Load and Resistance Factor Design Method. UL design listings requiring a 
load restriction factor will not be allowed. 

C. Cementitious Sprayed Fire-Resistive Material: Factory-mixed, dry, cement aggregate 
formulation, chloride-free formulation of Portland cement binders, additives, and 
inorganic aggregates, mixed with water at Project site to form a slurry or mortar for 
conveyance and application, complying with the following requirements: 

1. Dry Density: Values for average and individual densities as required for fire- 
resistance ratings indicated, per ASTM E 605 or AWCI Technical Manual 12-A, 
Appendix A, "Alternate Method for Density Determination," but with an average 
density of not less than 22 lb./cu. ft. 

2. Bond Strength: 425 psf minimum per ASTM E 736. 

3. Compressive Strength: 10,000 psf. per ASTM E 761. 

4. Corrosion Resistance: No evidence of corrosion per ASTM E 937. 

5. Deflection: No cracking, spalling, delamination, or the like per ASTM E 759. 

6. Effect of Impact on Bonding: No cracking, spalling, delamination, or the like per 
ASTM E 760. 

7. Air Erosion: Maximum weight loss of 0.025 g/sq. ft. per ASTM E 859. 

8. Combustion Characteristics: Passes ASTM E 136. 

9. Fire-Test-Response Characteristics: Provide sprayed fire-resistive materials with 
the following surface-burning characteristics as determined by testing identical 
products per ASTM E 84 by UL or another testing and inspecting agency acceptable 
to authorities having jurisdiction. 

a. Flame Spread: 10 or less. 
b. Smoke Developed: 0. 

 
10. Fungal Resistance: No observed growth on specimens per ASTM G 21. 

11. For exterior applications of sprayed fire-resistive material, provide manufacturer's 
formulation approved for surfaces exposed to the exterior. 

D. Products: Subject to compliance with requirements, provide one of the following: 

1. Cement-Aggregate Cementitious Sprayed Fire-Resistive Material: 

a. Pyrocrete 239; Carboline Co., Fireproofing Products Div. 
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b. Monokote Type Z106HY; GCP Applied Technologies. 
c. F4; Promat Firetemp. 
d. Cafco 400, Isolatek International Corp; Cafco Products. 

 
2.3 AUXILIARY FIRE-RESISTIVE MATERIALS 

A. General: Provide auxiliary fire-resistive materials that are compatible with sprayed fire- 
resistive materials and substrates and are approved by UL or another testing and 
inspecting agency acceptable to authorities having jurisdiction for use in fire-resistive 
designs indicated. 

B. Adhesive for Bonding Fire-Resistive Material: Product approved by manufacturer of 
sprayed fire-resistive material, used where required by manufacturer to ensure proper 
bond. 

C. Metal Lath: Expanded metal lath fabricated from material of weight, configuration, and 
finish required to comply with fire-resistive designs indicated and fire-resistive product 
manufacturer's written recommendations. Include clips, lathing accessories, corner 
beads, and other anchorage devices required to attach lath to substrates and to receive 
sprayed fire-resistive material. 

D. Sealer for Sprayed Fire-Resistive Material in Elevator Shafts and Open Area Plenums: 
Transparent-drying, water-dispersible protective coating by manufacturer of fire- resistive 
material. 

1. Product: Subject to compliance with requirements, provide "Firebond Concentrate" 
by GCP Applied Technologies, or similar product recommended by the 
manufacturer. 

 
PART 3 EXECUTION 

 
3.1 EXAMINATION 

A. Examine substrates, with Installer present, to determine whether they are in satisfactory 
condition to receive sprayed fire-resistive material. A substrate is in satisfactory condition 
if it complies with the following: 

1. Substrates are free of oil, grease, rolling compounds, incompatible primers, loose 
mill scale, dirt, or other foreign substances capable of impairing bond of fire- resistive 
material with substrate under conditions of normal use or fire exposure. 

2. Objects penetrating fire-resistive material, including clips, hangers, support sleeves, 
and similar items, are securely attached to substrates. 

3. Substrates are not obstructed by ducts, piping, equipment, and other suspended 
construction that will interfere with applying fire-resistive material. 

B. Do not proceed with installation of fire-resistive material until unsatisfactory conditions 
have been corrected. 
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3.2 PREPARATION 

A. Clean substrates of substances that could impair bond of fire-resistive material, including 
oil, grease, rolling compounds, incompatible primers, and loose mill scale. 

B. For exposed applications, repair substrates to remove any surface imperfections that 
could affect uniformity of texture and thickness in finished surface of sprayed fire- resistive 
material. Remove minor projections and fill voids that would telegraph through fire-
resistive products after application. 

C. Cover other work subject to damage from fallout or overspray of fire-resistive materials 
during application. Provide temporary enclosure as required to confine spraying 
operations, protect the environment, and ensure maintenance of adequate ambient 
conditions for temperature and ventilation. 

3.3 INSTALLATION 

A. Comply with fire-resistive material manufacturer's written instructions for mixing 
materials, application procedures, and types of equipment used to convey and spray on 
fire-resistive material, as applicable to particular conditions of installation and as required 
to achieve fire-resistance ratings indicated. 

B. Install metal lath, as required, to comply with fire-resistance ratings and fire-resistive 
material manufacturer's written recommendations for conditions of exposure and 
intended use. Securely attach lath to substrate in position required for support and 
reinforcement of fire-resistive material. Use anchorage devices of type recommended in 
writing by fire-resistive material manufacturer. Attach lathing accessories where indicated 
or required for secure attachment to substrate. 

C. Coat substrates with adhesive before applying fire-resistive material where required to 
achieve fire-resistance rating or as recommended in writing by fire-resistive material 
manufacturer for material and application indicated. 

D. Extend fire-resistive material in full thickness over entire area of each substrate to be 
protected. 

E. Spray apply fire-resistive materials to maximum extent possible. Following the spraying 
operation in each area, complete the coverage by method recommended by the 
manufacturer. 

F. Where sealers are used, apply products that are tinted to differentiate them from the 
sprayed fire-resistive material over which they are applied. 

G. Maintain ambient conditions during installation and for cure period following installation, 
as recommended by manufacturer. Provide ventilation and avoid excessive rate of 
drying. 

H. Fireproofing to the underside of roof deck assemblies shall be done only after roofing 
application is complete, all roof mounted mechanical equipment is in place, and the roof 
is watertight. 

I. No fireproofing shall be applied prior to completion of concrete work on steel decking. 
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J. Installation Sequence of Fireproofing: All patching and repairing of sprayed fireproofing, 

due to cutting by other trades or testing and inspection, shall be performed under this 
Section. 

K. Provisions shall be made for ventilation to properly dry the fireproofing after application. 
In enclosed areas lacking natural ventilation, air circulation and ventilation must be 
provided. 

3.4 FIELD QUALITY CONTROL 

A. Testing Agency: Owner will engage a qualified independent testing and inspecting 
agency to perform field tests and inspections and to prepare test reports. 

1. Testing and inspecting agency will interpret tests and state in each report whether 
tested work complies with or deviates from requirements. 

B. Testing and inspecting of completed applications of sprayed fire-resistive material will 
take place in successive stages, in areas of extent and using methods as follows. Do not 
proceed with application of fire-resistive material for the next area until test results for 
previously completed applications of fire-resistive material show compliance with 
requirements. 

1. For each 1000-sq. ft. area, or partial area, on each floor, testing and inspecting 
agency will evaluate the following characteristics. Tested values must equal or 
exceed values indicated and values required for approved fire-resistance design. 

a. Thickness for Floors, Roofs, and Walls: From the average of 10 
measurements from a 144-sq. in. sample area, with sample width of not less 
than 6 inches per ASTM E 605. 

 
2. Thickness for Structural Frame Members: From a sample of 25 percent of structural 

members per floor, taking 9 measurements at a single cross section for structural 
frame beams or girders, 7 measurements of a single cross section for joists and 
trusses, and 12 measurements of a single cross section for columns per ASTM E 
605. 

3. For each 10,000 sq. ft. area, or partial area, on each floor, testing and inspection 
agency will evaluate the following characteristics. Tested values must equal or 
exceed values indicated and values required for approved fire resistance design. 

a. Bond Strength for Floors, Roofs, Walls, and Structural Framing Members: 
Cohesion and adhesion at frequency and from sample size indicated for 
determining thickness of each type of construction, per ASTM E 736. 

 
4. Density for Floors, Roofs, Walls, and Structural Frame Members: At frequency and 

from sample size indicated for determining thickness of each type of construction, 
per ASTM E 605 or AWCI Technical Manual 12-A, Appendix A, "Alternate Method 
for Density Determination." 

5. When testing discovers applications of fire-resistive material not in compliance with 
requirements, testing and inspecting agency will perform additional random testing to 
determine extent of noncompliance. 
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C. Remove and replace applications of fire-resistive material where test results indicate that 

they do not comply with specified requirements for cohesion and adhesion or for density, 
or both. 

D. Apply additional fire-resistive material per manufacturer's written instructions where test 
results indicate that thickness does not comply with specified requirements. 

E. Additional testing and inspecting, at Contractor's expense, will be performed to determine 
compliance of replaced or additional work with specified requirements. 

3.5 CLEANING, PROTECTING, AND REPAIR 

A. Cleaning: Immediately after completing spraying operations in each containable area of 
Project, remove material overspray and fallout from surfaces of other construction and 
clean exposed surfaces to remove evidence of soiling. 

B. Cure exposed sprayed fire-resistive material according to product manufacturer's written 
recommendations to prevent premature drying. 

C. Protect fire-resistive material, according to advice of product manufacturer and Installer, 
from damage resulting from construction operations or other causes so fire protection will 
be without damage or deterioration at the time of Substantial Completion. 

D. Coordinate application of fire-resistive material with other construction to minimize the 
need to cut or remove fire protection. As installation of other construction proceeds, 
inspect fire-resistive material and patch any damaged or removed areas. 

1. Patch and repair fireproofing where Owner’s Testing Agency has performed tests. 

E. Repair or replace work that has not been successfully protected. 

 
END OF SECTION 
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SECTION 078413 

FIRESTOPS AND SMOKESEALS 

PART 1 GENERAL 

1.1 GENERAL REQUIREMENTS 

A. Work of this Section, as shown or specified, shall be in accordance with the 
requirements of the Contract Documents. 

1.2 SECTION INCLUDES 

A. Work of this Section includes all labor, materials, equipment, and services 
necessary to complete the firestops and smokeseals as shown on the drawings 
and/or specified herein, including, but not limited to, the following: 

1. Penetrations through fire-resistance-rated floor and roof construction 
including both empty openings and openings containing cables, pipes, ducts, 
conduits, and other penetrating items. 

2. Penetrations through fire-resistance-rated walls and partitions including both 
empty openings and openings containing cables, pipes, ducts, conduits, and 
other penetrating items. 

3. Penetrations through smoke barriers and construction enclosing 
compartmentalized areas involving both empty openings and openings 
containing penetrating items. 

4. Sealant joints in fire-resistance-rated construction. 

5. Penetrations at each floor level in shafts and/or stairwells. 

6. Construction joints, including those between top of fire rated walls and 
underside of floors above. 

1.3 RELATED SECTIONS 

A. Unit masonry - Section 042000. 

B. Joint sealers - Section 079200. 

C. Drywall - Section 092900. 

1.4 REFERENCES 

A. ASTM E 814 "Standard Method of Fire Tests of Through-Penetration 
Firestops." 

B. UL 1479, UBC 7-5 (Both are same as A. above). 
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C. ASTM E 136 "Standard Test Method for Assessing Combustibility of 
Materials." 

D. UL 263, UBC 7-1 "Fire Tests of Building Construction and Materials" 

E. UL 2079 "Tests For Fire Resistance of Building Joint Systems." 

F. ASTM E 1399 "Test For Dynamic Movement Conditions." 

G. ASTM E 1966 (Same as E. above). 

H. ASTM G 21 "Standard Practice for Determining Resistance of Synthetic 
Polymeric Materials to Fungi." 

I. Test Requirements: ASTM E 2307, "Standard Test Method for Determining Fire 
Resistance of Perimeter Fire Barrier Systems Using Intermediate-Scale, Multi- 
story Test Apparatus." 

J. Inspection Requirements: ASTM E 2174, "Standard Practice for On-site 
Inspection of Installed Firestops." 

K. Published Through-Penetration Systems by recognized independent testing 
agencies. 

1. UL Fire Resistance Directory, Volume II of current year. 

2. Warnock Hersey Certification Listings, current year. 

3. Omega Point Laboratories, current year. 

L. International Firestop Council Guidelines for Evaluating Firestop Systems 
Engineering Judgments. 

1.5 SUBMITTALS 

A. Submit manufacturer's product literature for each type of firestop material to be 
installed. Literature shall indicate product characteristics, typical uses, 
performance, limitation criteria, test data and indication that products comply with 
specified requirements. 

B. Submit shop drawings detailing materials, installation methods, and relationships 
to adjoining construction for each firestop system, and each kind of construction 
condition penetrated and kind of penetrating item.  Include 
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firestop design designation of qualified testing and inspection agency 
evidencing compliance with requirements for each condition indicated. 

1. Submit documentation, including illustrations, for proposed UL listed (or 
equal) firestop and smokeseal assembly required for the Project. 

C. Material Safety Data Sheets: Submit MSDS for each firestop product. 

D. Submit qualifications of firestop installer, including letter from firestop 
manufacturer of products proposed to be installed, wherein manufacturer 
approves or recognizes as trained/ or certifies installer for installation of that 
manufacturer's products. 

E. Engineering Judgment: For those firestop applications that exist for which no 
qualified tested system is available through a manufacturer, an engineering 
judgment derived from similar qualified tested system designs or other tests will 
be submitted to local authorities having jurisdiction for their review and approval 
prior to installation. Engineering judgment documents must follow requirements 
set forth by the International Firestop Council. 

1.6 QUALITY ASSURANCE 

A. General: Provide firestopping systems that are produced and installed to resist 
the spread of fire and the passage of smoke and other gases. 

B. Installation Responsibility: Assign installation of through-penetration firestop 
systems and fire-resistive joint systems in Project to a single sole source firestop 
specialty contractor. 

C. Firestopping materials shall conform to Flame (F) and Temperature (T) ratings 
as required by local building code and as tested by nationally accepted test 
agencies per ASTM E 814 or UL 1479. The F-rating must be a minimum of one 
(1) hour, but not less than the fire resistance rating of the assembly being 
penetrated. T-rating, when required by code authority, shall be based on 
measurement of the temperature rise on the penetrating item(s). The fire test 
shall be conducted with a minimum positive pressure differential of 0.01 inches 
of water column. 

1. Penetrations in Horizontal Assemblies: Provide firestopping with ratings 
determined in accordance with UL 1479 or ASTM E 814. 

a. F-Rating: Minimum of 1-hour rating, but not less than the fire- 
resistance rating of the floor construction being penetrated. 

b. T-Rating: When penetrant is located outside of a wall cavity, minimum 
of 1-hour rating, but not less than the fire-resistance rating of the floor 
construction being penetrated. 

c. W-Rating: Class 1 rating in accordance with water leakage test per UL 
1479. 
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2. Penetrations in Smoke Barriers: Provide firestopping with ratings 

determined in accordance with UL 1479 or ASTM E 814. 

a. L-Rating: Not exceeding 5.0 cfm/sq. ft. of penetration opening at both 
ambient and elevated temperatures. 

D. Firestopping products shall be asbestos free and free of any PCBs. 

E. Do not use any product containing solvents or that requires hazardous waste 
disposal. 

F. Do not use firestop products which after curing, dissolve in water. 

G. Do not use firestop products that contain ceramic fibers. 

H. Firestopping Installer Qualifications: Firestop application shall be performed by 
a single firestopping contractor who specializes in the installation of firestop 
systems, whose personnel to be utilized have received specific training and 
certification or approval from the proposed respective firestop manufacturer, and 
firestop installer shall have a minimum of three years' experience (under present 
company name) installing firestop systems of the type herein specified. 

I. Mock-Up: Prepare job site mock-ups of each typical Firestop System proposed 
for use in the project. Approved mock-ups will be left in place as part of the 
finished project and will constitute the quality standard for the remaining work. 

J. For firestopping exposed to view, traffic, moisture, and physical damage, provide 
products that do not deteriorate when exposed to these conditions. 

1. For piping penetrations for plumbing and wet-pipe sprinkler systems, provide 
moisture-resistant through-penetration firestop systems. 

2. For floor penetrations with annular spaces exceeding 4 inches or more in 
width and exposed to possible loading and traffic, provide firestop systems 
capable of supporting the floor loads involved either by installing floor plates 
or by other means. 

3. For penetrations involving insulated piping, provide through-penetration 
firestop systems not requiring removal of insulation. 

K. Mold Resistance: Provide penetration firestopping with mold and mildew 
resistance rating of less than or equal to 1 as determined by ASTM G 21. 

L. Firestopping Materials are either "cast-in-place" (integral with concrete 
placement) or "post-installed." Provide cast-in-place firestop devices prior to 
concrete placement. 

M. Firestop systems do not reestablish the structural integrity of load bearing 
partitions or assemblies, or support live loads and traffic. Installer shall consult 
the Structural Engineer prior to penetrating any load bearing assembly. 
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1.7 DELIVERY, STORAGE AND HANDLING 

A. Deliver materials in manufacturer's original unopened containers with 
manufacturer's name, product identification, lot numbers, UL or Warnock Hersey 
labels, and mixing and installation instructions, as applicable. 

B. Store materials in the original, unopened containers or packages, and under 
conditions recommended by manufacturer. 

C. All firestop materials shall be installed prior to expiration of shelf life. 

1.8 PROJECT CONDITIONS 

A. Verify existing conditions and substrates before starting work 

B. Do not use materials that contain solvents, show sign of damage or are beyond 
their shelf life. 

C. During installation, provide masking and drop cloths as needed to prevent 
firestopping products from contaminating any adjacent surfaces. 

D. Conform to ventilation requirements if required by manufacturer's installation 
instructions or Material Safety Data Sheet. 

E. Weather Conditions: Do not proceed with installation of firestop products when 
temperatures are in excess or below the manufacturer's recommendations. 

F. Schedule installation of firestop products after completion of penetrating item 
installation but prior to covering or concealing of openings. 

G. Coordinate this work as required with work of other trades. 

1.9 SEQUENCING AND SCHEDULING 

A. Pre-Installation Conference: Convene a pre-installation conference to establish 
procedures to maintain optimum working conditions and to coordinate this work 
with related and adjacent work. 

B. Sequence: Perform work of this and other sections in proper sequence to prevent 
damage to the firestop systems and to ensure that their installation will occur prior 
to enclosing or concealing work. 

C. Install all firestop systems after voids and joints are prepared sufficiently to accept 
the applicable firestop system. 

D. Do not cover firestop systems until they have been properly inspected and 
accepted by the authority having jurisdiction. 
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PART 2 PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Subject to compliance with requirements, provide products of one of the following 
manufacturers: 

1. Hilti, Inc. 

2. Metacaulk. 

3. Nelson. 

4. Specified Technologies Inc. 

5. 3M. 

6. Tremco. 

7. U.S. Gypsum Co. 

2.2 FIRESTOPPING, GENERAL 

A. Compatibility: Provide firestopping composed of components that are compatible 
with each other, the substrates forming openings, and the items, if any, 
penetrating the firestopping under conditions of service and application, as 
demonstrated by firestopping manufacturer based on testing and field 
experience. 

B. Accessories: Provide components for each firestopping system that are needed 
to install fill materials. Use only components specified by the firestopping 
manufacturer and approved by the qualified testing and inspecting agency for the 
designated fire-resistance-rated systems. Accessories include but are not limited 
to the following items: 

1. Permanent forming/damming/backing materials including the following: 

a. Semirefractory fiber (mineral wool) insulation. 
b. Sealants used in combination with other forming/damming materials 

to prevent leakage of fill materials in liquid state. 
c. Fire-rated form board. 
d. Joint fillers for joint sealants. 

2. Temporary forming materials. 

3. Substrate primers. 

4. Collars. 

5. Steel sleeves. 
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C. Applications: Provide firestopping systems composed of materials specified in 

this Section that comply with system performance and other requirements. 

D. Smokeseals at top of partitions shall be flexible to allow for partition deflection. 

E. Polypropylene Sleeves (PP): (For cast-in device options.) 

2.3 FILL MATERIALS FOR THROUGH-PENETRATION FIRESTOP SYSTEMS 

A. Endothermic, Latex Compound Sealant: Single-component, endothermic, latex 
formulation. 

B. Intumescent, Latex Sealant: Single-component, Intumescent, latex formulation. 

C. Intumescent Putty: Non-hardening, dielectric, water-resistant putty containing no 
solvents, inorganic fibers, or silicone compounds. 

D. Intumescent Wrap Strips: Single-component, elastomeric sheet with aluminum 
or polyethylene foil on one side. 

E. Job-Mixed Vinyl Compound: Prepackaged vinyl-based powder product for 
mixing with water at Project site to produce a paintable compound, passing ASTM 
E 136, with flame-spread and smoke-developed ratings of zero per ASTM E 84. 

F. Mortar: Prepackaged dry mix composed of a blend of inorganic binders, fillers, 
and lightweight aggregate formulated for mixing with water at Project site to form 
a non-shrinking, homogeneous mortar. 

G. Pillows/Bags: Re-usable, heat-expanding pillows/bags composed of glass-fiber 
cloth cases filled with a combination of mineral-fiber, water-insoluble expansion 
agents and fire-retardant additives. 

H. Moldable putty pads by 3M or approved equal. 

I. Silicone Foam: Two-component, silicone-based liquid elastomer that, when 
mixed, expands and cures in place to produce a flexible, non-shrinking foam. 

J. Silicone Sealant: Moisture-curing, single-component, silicone-based, neutral- 
curing elastomeric sealant of grade indicated below: 

1. Grade: Pourable (self-leveling) formulation for openings in floors and other 
horizontal surfaces and non-sag formulation for openings in vertical and 
other surfaces requiring a non-slumping/gunnable sealant, unless firestop 
system limits use to non-sag grade for both opening conditions. 

K. Cast-in-Place Firestop Devices: Factory-assembled devices for use in cast-in- 
place concrete floors and consisting of an outer metallic or polypropylene sleeve 
lined with an intumescent strip, an extended rectangular flange attached to one 
end of the sleeve for fastening to concrete formwork, and a neoprene gasket. 
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L. Fire Rated Cable Management Devices: Factory-assembled round metallic 

sleeve device for use with cable penetrations, containing an integrated smoke 
seal fabric membrane that can be opened and closed for re-penetration. 

M. Drop-In Firestop Devices: Factory-assembled devices for use with combustible 
or noncombustible penetrants in cored holes within concrete floors. Device shall 
consist of galvanized steel sleeve lined with an intumescent strip, an extended 
rectangular flange attached to one end of the sleeve for fastening to concrete 
floor, and neoprene gasket. 

N. Firestop Devices: Factory-assembled collars formed from galvanized steel and 
lined with intumescent material sized to fit specific diameter of penetrant. 

O. Intumescent Composite Sheets: Rigid panels consisting of aluminum-foil-faced 
elastomeric sheet bonded to galvanized-steel sheet. 

P. Blocks/Plugs: Intumescent flexible block/plug suitable for reuse in re- penetration 
of openings. Blocks shall allow up to 12” of unreinforced annular space. 

Q. Tub Box Kit: Cast-in place pre-formed plastic tub box kit with three support legs 
for use with drain piping assembly associated with bathtub installations. 

2.4 FIRE-RESISTIVE ELASTOMERIC JOINT SEALANTS 

A. Elastomeric Sealant Standard: Provide manufacturer's standard chemically 
curing, elastomeric sealant of base polymer indicated that complies with ASTM 
C 920 requirements, including those referenced for Type, Grade, Class, and 
Uses, and requirements specified in this Section applicable to fire-resistive joint 
sealants. 

1. Sealant Colors: Color of exposed joint sealants as selected by the Architect. 

B. Single-Component, Neutral-Curing Silicone Sealant: Type S; Grade NS; Class 
25; exposure-related Use NT, and joint-substrate-related Uses M, G, A, and (as 
applicable to joint substrates indicated) O. 

1. Additional Movement Capability: Provide sealant with the capability to 
withstand 33 percent movement in both extension and compression for a 
total of 66 percent movement. 

C. Multi-Component, Non-Sag, Urethane Sealant: Type M; Grade NS; Class 25; 
exposure-related Use NT, and joint-substrate-related Uses M, A, and (as 
applicable to joint substrates indicated) O. 

1. Additional Movement Capability: Provide sealant with the capability to 
withstand 40 percent movement in extension and 25 percent in compression 
for a total of 65 percent movement in joint width existing at time of 
installation, when tested for adhesion and cohesion under 
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maximum cyclic movement per ASTM C 719, and remain in compliance 
with other requirements of ASTM C 920 for uses indicated. 

D. Single-Component, Non-Sag, Urethane Sealant: Type S; Grade NS; Class 25; 
and Uses NT, M, A, and (as applicable to joint substrates indicated) O. 

2.5 MINERAL FIBER/CERAMIC WOOL NON-COMBUSTIBLE INSULATION (FIRE 
SAFING) 

A. Provide min. 4 pcf safing insulation to suit conditions and to comply with fire 
resistance and firestop manufacturer's requirements. 

B. Material shall be classified non-combustible when tested per ASTM E 136. 

C. Acceptable Manufacturers: 

1. Thermafiber, Inc. (an Owens Corning company); Thermafiber Safing Mineral 
Wool Insulation 

2. Rockwool; Roxul Safe Fire Safing Insulation 

3. Johns Manville; Mineral Wool Safing 

2.6 MIXING 

A. For those products requiring mixing prior to application, comply with firestopping 
manufacturer's directions for accurate proportioning of materials, water (if 
required), type of mixing equipment, selection of mixer speeds, mixing 
containers, mixing time, and other procedures needed to produce firestopping 
products of uniform quality with optimum performance characteristics for 
application indicated. 

 
PART 3 EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions with Installer present, for compliance with 
requirements for opening configuration, penetrating items, substrates, and other 
conditions affecting performance of firestopping. Do not proceed with installation 
until unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Cleaning: Clean out openings and joints immediately prior to installing 
firestopping to comply with recommendations of firestopping manufacturer and 
the following requirements: 

1. Remove all foreign materials from surfaces of opening and joint substrates 
and from penetrating items that could interfere with adhesion of firestopping. 



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 
 

 

  FIRESTOPS AND SMOKESEALS  078413 – 10 of 12 

Permitting and Bidding   March 6, 2026 

 

 

 
2. Clean opening and joint substrates and penetrating items to produce clean, 

sound surfaces capable of developing optimum bond with firestopping. 
Remove loose particles remaining from cleaning operation. 

3. Remove laitance and form release agents from concrete. 

B. Priming: Prime substrates where recommended by firestopping manufacturer 
using that manufacturer's recommended products and methods. Confine primers 
to areas of bond; do not allow spillage and migration onto exposed surfaces. 

C. Masking Tape: Use masking tape to prevent firestopping from contacting 
adjoining surfaces that will remain exposed upon completion of work and that 
would otherwise be permanently stained or damaged by such contact or by 
cleaning methods used to remove smears from firestopping materials. Remove 
tape as soon as it is possible to do so without disturbing seal of firestopping with 
substrates. 

3.3 CONDITIONS REQUIRING FIRESTOPPING 

A. Interior Walls and Partitions 

1. Construction joints between top of fire rated walls and underside of floors 
above, shall be firestopped. 

2. Firestop system installed shall have been tested by either UL or Omega 
Point, including exposure to hose stream test and including for use with steel 
fluted deck floor assemblies. 

3. Firestop system used shall allow for deflection of floor above. 

B. Penetrations 

1. Penetrations include conduit, cable, wire, pipe, duct, or other elements which 
pass through one or both outer surfaces of a fire rated floor, wall, or partition. 

2. Except for floors on grade, where a penetration occurs through a structural 
floor or roof and a space would otherwise remain open between the surfaces 
of the penetration and the edge of the adjoining structural floor or roof, 
provide firestopping to fill such spaces in accordance with ASTM E 814. 

3. These requirements for penetrations shall apply whether or not sleeves have 
been provided, and whether or not penetrations are to be equipped with 
escutcheons or other trim. If penetrations are sleeved, firestop annular 
space, if any, between sleeve and wall of opening. 

C. Provide firestopping to fill miscellaneous voids and openings in fire rated 
construction in a manner essentially the same as specified herein before. 
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3.4 INSTALLING THROUGH PENETRATION FIRESTOPS 

A. General: Comply with the through penetrations firestop manufacturer's 
installation instructions and drawings pertaining to products and applications 
indicated. 

B. Install forming/damming materials and other accessories of types required to 
support fill materials during their application and in the position needed to 
produce the cross-sectional shapes and depths required to achieve fire ratings 
of designated through-penetration firestop systems. After installing fill materials, 
remove combustible forming materials and other accessories not indicated as 
permanent components of firestop systems. 

C. Install fill materials for through penetration firestop systems by proven techniques 
to produce the following results: 

1. Completely fill voids and cavities formed by openings, forming materials, 
accessories, and penetrating items. 

2. Apply materials so they contact and adhere to substrates formed by 
openings and penetrating items. 

3. For fill materials that will remain exposed after completing work, finish to 
produce smooth, uniform surfaces that are flush with adjoining finishes. 

3.5 INSTALLING FIRE RESISTIVE JOINT SEALANTS 

A. General: Comply with ASTM C 1193, and with the sealant manufacturer's 
installation instructions and drawings pertaining to products and applications 
indicated. 

B. Install joint fillers to provide support of sealants during application and at position 
required to produce the cross-sectional shapes and depths of installed sealants 
relative to joint widths that allow optimum sealant movement capability and 
develop fire resistance rating required. 

C. Install sealants by proven techniques that result in sealants directly contacting 
and fully wetting joint substrates, completely filling recesses provided for each 
joint configuration, and providing uniform, cross sectional shapes and depths 
relative to joint width that optimum sealant movement capability. Install sealants 
at the same time joint fillers are installed. 

D. Tool no sag sealants immediately after sealant application and prior to the time 
skinning or curing begins. Form smooth, uniform beads of configuration indicated 
or required to produce fire resistance rating, as well as to eliminate air pockets, 
and to ensure contact and adhesion of sealants with sides of joint. Remove 
excess sealant from surfaces adjacent to joint. Do not use tooling agents that 
discolor sealants or adjacent surfaces or are not approved by sealant 
manufacturer. 
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3.6 INSTALLING FIRESAFING INSULATION 

A. Install fire safing insulation utilizing welded or screw applied galvanized steel 
impaling pins and retaining clips; space clips or pins 24" o.c. maximum. 

B. Completely fill voids in areas where safing insulation is required. At spandrel 
conditions/floor edges, depth of insulation top to bottom shall be at least four (4) 
inches. 

C. Cover top of all safing insulation with firestop sealant or spray. 

3.7 FIELD QUALITY CONTROL 

A. Inspecting agency employed and paid by the Owner will examine completed 
firestopping to determine, in general, if it is being installed in compliance with 
requirements. 

B. Inspecting agency will report observations promptly and in writing to Contractor, 
Owner and Architect. 

C. Do not proceed to enclose firestopping with other construction until reports of 
examinations are issued. 

D. Where deficiencies are found, Contractor must repair or replace firestopping so 
that it complies with requirements. 

3.8 CLEANING 

A. Clean off excess fill materials and sealants adjacent to openings and joints as 
work progresses by methods and with cleaning materials approved by 
manufacturers of firestopping products and of products in which openings and 
joints occur. 

B. Protect firestopping during and after curing period from contact with 
contaminating substances or from damage resulting from construction operations 
or other causes so that they are without deterioration or damage at time of 
Substantial Completion. If, despite such protection, damage or deterioration 
occurs, cut out and remove damaged or deteriorated firestopping immediately 
and install new materials to product firestopping complying with specified 
requirements. 

 
END OF SECTION 
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SECTION 079200 

JOINT SEALERS 

PART 1 GENERAL 
 

1.1 GENERAL REQUIREMENTS 

A. Work of this Section, as shown or specified, shall be in accordance with the requirements 
of the Contract Documents. 

1.2 SECTION INCLUDES 

A. Work of this Section includes all labor, materials, equipment and services necessary to 
complete the joint sealers work as shown on the drawings and/or specified herein, 
including but not necessarily limited to the following: 

1. Interior wall joints not specified to be sealed in other Sections of work, including 
caulking to fill between architectural woodwork and any wall, floor and/or ceiling 
imperfections. 

2. Joints at wall penetrations. 

3. Joints between items of equipment and other construction. 

4. All other joints required to be sealed to provide a positive barrier against penetration 
of air and moisture. 

1.3 RELATED SECTIONS 

A. Firestop sealants - Section 078413. 

B. Sealant within drywall construction - Section 092900 
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1.4  QUALITY ASSURANCE 

 A. Qualification of Installers: Use only personnel who are thoroughly familiar, skilled and 
  specially trained in the techniques of sealant work, and who are completely familiar with 

  the published recommendations of the sealant manufacturer. 

 B. Pre-Construction Field Adhesion Testing: Before installing elastomeric sealants, field 
  test their adhesion to project joint substrates according to the method in ASTM C794 

  and C 1521 that is appropriate for the types of Project joints. 

 
C. Perform testing per ASTM C1248 on interior and exterior sealants to determine if 

sealants or primers will stain adjacent surfaces. No sealant work shall start until results 
  of these tests have been submitted to the Architect and he has given his written 

  approval to proceed with the work. 

1.5 
 

SUBMITTALS 

 A. Shop Drawings: Submit shop drawings showing all joint conditions, indicating relation 
  of adjacent materials, all sealant materials (sealant, bond breakers, backing, primers, 

  etc.), and method of installation. 

  1. Submit joint sizing calculations certifying that movement capability of sealant is not 

  being exceeded. 

 
B. Samples: Submit the following: 

  
1. Color samples of sealants, submit physical samples (not color chart). 

  
2. Sealant bond breaker and joint backing. 

 C. Product Data: Submit manufacturer's technical information and installation instructions 

  for: 

  
1. Sealant materials, indicating that material meets standards specified herein. 

  
2. Backing rods. 

 
D. Submit manufacturer's certification as required by Article 1.6 herein. 

 
E. Submit results of testing required in Article 1.4 herein. 

1.6 
 

MANUFACTURER'S RESPONSIBILITY AND CERTIFICATION 

 A. Contractor shall require sealant manufacturer to review the Project joint conditions and 
  details for this Section of the work.  Contractor shall submit to the Architect written 
  certification from the sealant manufacturer that joints are of the proper size and design, 
  that the materials supplied are compatible with adjacent materials and backing, that the 
  materials will properly perform to provide permanent watertight, airtight or vaportight 
  seals (as applicable), and that materials supplied meet specified performance 
  requirements. 
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1.1 ENVIRONMENTAL CONDITIONS 

A. Temperature: Install all work of this Section when air temperature is above forty (40) 
degrees F. and below eighty (80) degrees F., unless manufacturer submits written 
instructions permitting sealant use outside of this temperature range. 

B. Moisture: Do not apply work of this Section on surfaces which are wet, damp, or have 
frost. 

1.2 PRODUCT HANDLING 

A. Protection: Use all means necessary to protect the materials of this Section, before, 
during and after installation and to protect the installed work and materials of all other 
trades. 

B. Replacements: In the event of damage, immediately make all repairs and replacements 
necessary. 

C. Storage 

1. Store sealant materials and equipment under conditions recommended by their 
manufacturer. 

2. Do not use materials stored for a period of time exceeding the maximum 
recommended shelf life of the material. 

3. Material shall be stored in unopened containers with manufacturers’ name, batch 
number and date when shelf life expires. 

1.3 GUARANTEE 

A. Provide a written, notarized guarantee from the manufacturer stating that the applied 
sealants shall show no material failure for a period of ten (10) years. 

B. Contractor to provide a written, notarized, guarantee stating that the applied sealants 
shall show no failure due to improper installation for a period of five (5) years. 

C. Guarantee shall be in a form acceptable to the Owner and executed by an authorized 
individual. 

D. Include in guarantee provision, agreement to repair and/or replace, at Contractor's 
expense, sealant defects which develop during guarantee period, because of faulty labor 
and/or materials. 

 
PART 2 PRODUCTS 

 
2.1 SEALANT MATERIALS 

A. Exterior Wall Sealant: Provide one (1) part non-sag sealant conforming to the minimum 
standards of ASTM C920, Type S, Grade NS, Class 50. 

B. Acceptable Manufacturers: 
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1. The Dow Chemical Company; DOWSIL 790 or DOWSIL 795 

2. G.E.; Silpruf SCS 2000 or LM SCS 2700 

3. Tremco; Spectrem 1 or Spectrem 3 

4. Sonneborn; Sonolastic 150 

C. Interior Sealant:  Provide a one (1) part acrylic based sealant conforming to ASTM 
C834. 

D. Acceptable Manufacturers: 

1. Pecora; AC-20+ Silicone 

2. BASF; Masterseal NP 520 

3. Tremco 

E. Colors: Colors selected from manufacturer's standard selection. 

2.2 MISCELLANEOUS MATERIALS 

A. Back-Up Materials: Provide back-up materials and preformed joint fillers, non-staining, 
non-absorbent, compatible with sealant and primer, and of a resilient nature; twenty-five 
(25) percent wider than joint width. Materials impregnated with oil, bitumen or similar 
materials shall not be used. Provide back-up materials only as recommended by sealant 
manufacturer in writing. 

B. Provide bond breakers, where required, of polyethylene tape as recommended by 
manufacturer of sealant. 

C. Provide primers recommended by the sealant manufacturer for each material to receive 
sealant. Note that each exterior joint must be primed prior to sealing. 

D. Provide solvent, cleaning agents and other accessory materials as recommended by the 
sealant manufacturer. 

E. Materials shall be delivered to the job in sealed containers with manufacturer's original 
labels attached. Materials shall be used per manufacturer's printed instructions. 

 
PART 3 EXECUTION 

 
3.1 INSPECTION 

A. Examine the areas and conditions where joint sealers are to be installed and correct any 
conditions detrimental to the proper and timely completion of the work. Do not proceed 
with the work until unsatisfactory conditions are corrected to permit proper installation of 
the work. 

 

 
3.2 INSTALLATION 

A. Sealant Installation Standard: Comply with instructions and recommendations of the 
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manufacturer and in accordance with ASTM C1193 for use of joint sealants as applicable 
to materials, applications and conditions required by this Project where more stringent 
installation requirements are specified herein, such requirements shall apply. 

B. Sample Section of Sealant 

1. During sealant installation work in exterior wall, the manufacturer of sealant shall 
send his representative to the site, under whose supervision a section of the wall 
(used as "control section") shall be completed for purposes of determining 
performance characteristics of sealant in joints. Architect shall be informed of time 
and place of such installation of control section. 

2. Control section shall be installed according to specification given herein and shall 
not be considered as acceptable until written acceptance is provided by the 
Architect. 

3. Accepted control section shall be standard to which all other sealant work must 
conform. 

C. Supervision: The Contractor shall submit to the Architect written certification from the 
sealant manufacturer that the applicators have been instructed in the proper application 
of their materials. The Contractor shall use only skilled and experienced workmen for 
installation of sealant. 

D. Apply sealant under pressure with a hand or power actuated gun or other appropriate 
means. Gun shall have nozzle of proper size and provide sufficient pressure to 
completely fill joints as detailed. Neatly point or tool joint to provide the contour as 
indicated on the drawings. 

E. Preparation and Application 

1. Thoroughly clean all joints, removing all foreign matter such as dust, oil, grease, 
water, surface dirt and frost. Sealant must be applied to the base surface. Previously 
applied film must be entirely removed. 

2. Stone, masonry and concrete surfaces to receive sealant shall be cleaned where 
necessary by grinding, water blast cleaning, mechanical abrading, or combination of 
these methods as required to provide a clean, sound base surface for sealant 
adhesion. 

a. Do not use any acid or other material which might stain surfaces. 
b. Remove laitance by grinding or mechanical abrading. 
c. Remove loose particles present or resulting from grinding, abrading, or blast 

cleaning by blowing out joints with compressed air, oil and water free, or 
vacuuming joints prior to application of primer or sealant. 

 
3. Clean non-porous surfaces such as metal and glass chemically. Remove protective 

coatings on metallic surfaces by solvent that leaves no residue and is compatible 
with sealant. Use solvent and wipe dry with clean, dry lint free paper 
towels. Do not allow solvent to air dry without wiping. Clean joint areas protected 
with masking tape or strippable films as above after removal of tape film. 

4. Do not seal joints until they are in compliance with drawings, or meet with the control 
section standard. 
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5. Joint Size and Sealant Size: Joints to receive sealant shall be at least 1/4" wide. In 
joint 1/4" to 3/8" wide, sealant shall be 1/4" deep. In joints wider than 3/8" and up to 
1" wide, sealant depth shall be one half the joint width. For joints wider than 1", 
sealant depth shall be as recommended by the sealant manufacturer. Depth of joint 
is defined as distance from outside face of joint to closest point of the filler. 

6. Primer: Thoroughly clean joints and apply primer to all surfaces that will receive 
sealant. Apply primer on clean, dry surfaces, and prior to installation of joint backing. 
Completely wet both inner faces of the joint with primer. Mask adjacent surfaces of 
joint with non-staining masking tape prior to priming. Apply primer with clean brush 
and only when temperature is above 45 deg. F. 

7. Joint Backing: In joints where depth of joint exceeds required depth of sealant, install 
joint backing (after primer is dry) in joints to provide backing and proper joint shape 
for sealant. Proper shape for sealant is a very slight "hourglass" shape, with back 
and front face having slight concave curvature. Use special blunt T- shaped tool or 
roller to install joint backing to the proper and uniform depth required for the sealant. 
Joint backing shall be installed with approximately twenty- five (25) percent 
compressions. Do not stretch, twist, braid, puncture, or tear joint backing. Butt joint 
backing at intersections. 

8. Bond Breaker: Install bond breaker smoothly over joint backing so that sealant 
adheres only to the sides of the joint and not backing. 

9. Sealant Application: Apply sealant in accordance with the manufacturer's 
application manual and manufacturer's instructions, using hand guns or pressure 
equipment, on clean, dry, properly prepared substrates, completely filling joints to 
eliminate air pockets and voids.  Mask adjacent surfaces of joint with non-
staining masking tape. Force sealant into joint in front of the tip of the "caulking gun" 
(not pulled after it) and force sealant against sides to make uniform contact with 
sides of joint and to prevent entrapped air or pulling of sealant off of sides. Fill 
sealant space solid with sealant. 

10. Tooling: Tool exposed joints to form smooth and uniform beds, with slightly concave 
surface conforming to joint configuration per Figure 5A in ASTM C1193. Finished 
joints shall be straight, uniform, smooth and neatly finished. Remove masking tape 
immediately after tooling of sealant and before sealant face starts to "skin" over. 
Neatly remove any excess sealant from adjacent surfaces of joint, leaving the work 
in a neat, clean condition. 

11. Replace sealant which is damaged during construction process. 

3.3 FIELD QUALITY CONTROL 

A. Field-Adhesion Testing: Field test joint-sealant adhesion to joint substrates as follows: 

1. Extent of Testing: Test completed and cured sealant joints as follows: 
 
 

 
a. Perform 5 tests for the first 1000 feet of joint length for each kind of sealant 

and joint substrate. 
b. Perform one test for each 5,000 feet of joint length thereafter or one test per 

each floor per elevation. 
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2. Test Method: Test joint sealants according to Method A, Field-Applied Sealant Joint 
Hand Pull Tab, in Appendix X1 in ASTM C1193 or Method A, Tail Procedure, in 
ASTM C1521. 

a. For joints with dissimilar substrates, verify adhesion to each substrate 
separately; extend cut along one side, verifying adhesion to opposite side. 
Repeat procedure for opposite side. 

 
3. Inspect tested joints and report on the following: 

a. Whether sealants filled joint cavities and are free of voids. 
b. Whether sealant dimensions and configurations comply with specified 

requirements. 
c. Whether sealants in joints connected to pulled-out portion failed to adhere to 

joint substrates or tore cohesively. Include data on pull distance used to test 
each kind of product and joint substrate. Compare these results to determine 
if adhesion complies with sealant manufacturer's field-adhesion hand-pull test 
criteria. 

 
4. Record test results in a field-adhesion-test log. Include dates when sealants were 

installed, names of persons who installed sealants, test dates, test locations, 
whether joints were primed, adhesion results and percent elongations, sealant 
material, sealant configuration, and sealant dimensions. 

5. Repair sealants pulled from test area by applying new sealants following same 
procedures used originally to seal joints. Ensure that original sealant surfaces are 
clean and that new sealant contacts original sealant. 

B. Evaluation of Field-Adhesion-Test Results: Sealants not evidencing adhesive failure from 
testing or noncompliance with other indicated requirements will be considered 
satisfactory. Remove sealants that fail to adhere to joint substrates during testing or to 
comply with other requirements. Retest failed applications until test results prove sealants 
comply with indicated requirements. 

 
END OF SECTION 
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SECTION 083113 - ACCESS DOORS AND FRAMES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A.     Drawings and general provisions of the Contract, including General and Supplementary Conditions 

and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Access doors and frames for walls.  

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

1. Include construction details, fire ratings, materials, individual components and profiles, and finishes. 

B. Shop Drawings: 

1. Include plans, elevations, sections, details, and attachments to other work. 

2. Detail fabrication and installation of access doors and frames for each type of substrate. 

C. Product Schedule:  Provide complete access door and frame schedule, including types, locations, sizes, 

latching or locking provisions, and other data pertinent to installation. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A.     Fire-Rated Access Doors and Frames:  Units complying with NFPA 80 that are identical to access door 

and frame assemblies tested for fire-test-response characteristics according to the following test method 

and that are listed and labeled by UL or another testing and inspecting agency acceptable to authorities 

having jurisdiction: 

 1. NFPA 252 or UL 10B for fire-rated access door assemblies installed vertically. 

2.2 ACCESS DOORS AND FRAMES FOR WALLS AND CEILINGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

1. Acudor Products, Inc. 

2. Elmdor 

3. Alfab, Inc. 
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4. Babcock-Davis. 

5. Jensen Industries; Div. of Broan-Nutone, LLC. 

6. Karp Associates, Inc. 

7. NYSTROM 

8. Or approved equal. 

 

B. Source Limitations:  Obtain each type of access door and frame from single source from single 

manufacturer. 

C. Flush Access Doors with Exposed Flanges: 

1. Assembly Description:  Fabricate door to fit flush to frame.  Provide manufacturer's standard-

width exposed flange, proportional to door size. 

2. Locations:  Wall and Ceiling. 

3. Door Size:  as indicated on drawings. 

4. Uncoated Steel Sheet for Door:  Nominal, 14 gage. 

 a. Finish:  Factory prime. 

5. Frame Material:  Sheet steel frame, nominal 16 gage, factory primed. 

6. Hinges:  Stainless steel hinges with removable pin. 

7. Hardware:  Screw driver slot with quarter turn cam lock. 

 

D. Fire-Rated, Flush Access Doors with Exposed Flanges: 

 

1. Assembly Description:  Fabricate door to fit flush to frame.  Provide self-latching door with 

automatic closer and interior latch release.  Provide frame with gypsum board beads for 

concealed flange installation. 

2. Locations:  Wall and Ceiling. 

3. Fire-Resistance Rating:  Not less than that of adjacent construction. 

4. Temperature-Rise Rating:  450 deg F at the end of 30 minutes. 

5. Uncoated Steel Sheet for Door:  Nominal 0.036 inch, 20 gage. 

 a. Finish:  Factory finish. 

6. Frame Material:  Sheet steel, nominal 16 gauge, factory primed. 

7. Hinges:  Stainless steel hinges. 

8. Hardware:  Screw driver slot with quarter turn cam lock. 

2.3 MATERIALS 

A. Steel Plates, Shapes, and Bars:  ASTM A 36/A 36M. 

B. Steel Sheet:  Uncoated or electrolytic zinc coated, ASTM A 879/A 879M, with cold-rolled steel    sheet 

substrate complying with ASTM A 1008/A 1008M, Commercial Steel (CS), exposed.  

C. Frame Anchors:  Same type as door face. 

D.     Inserts, Bolts, and Anchor Fasteners:  Hot-dip galvanized steel according to ASTM A 153/A 153M or 

ASTM F 2329. 
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2.4 FABRICATION 

A. General:  Provide access door and frame assemblies manufactured as integral units ready for installation. 

B. Metal Surfaces:  For metal surfaces exposed to view in the completed Work, provide materials with 

smooth, flat surfaces without blemishes.  Do not use materials with exposed pitting, seam marks, roller 

marks, rolled trade names, or roughness. 

C. Doors and Frames:  Grind exposed welds smooth and flush with adjacent surfaces.  Furnish attachment 

devices and fasteners of type required to secure access doors to types of supports indicated. 

1. For concealed flanges with drywall bead, provide edge trim for gypsum board securely attached 

to perimeter of frames. 

2. Provide mounting holes in frames for attachment of units to metal or wood framing. 

3. Provide mounting holes in frame for attachment of masonry anchors. 

D. Latching Mechanisms:  Furnish number required to hold doors in flush, smooth plane when closed.

  

2.5 FINISHES 

A. Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for 

recommendations for applying and designating finishes. 

B. Protect mechanical finishes on exposed surfaces from damage by applying a strippable, temporary 

protective covering before shipping. 

C. Appearance of Finished Work:  Noticeable variations in same piece are not acceptable. Variations in 

appearance of adjoining components are acceptable if they are within the range of approved Samples 

and are assembled or installed to minimize contrast. D. Steel and Metallic-Coated-Steel Finishes: 

 1. Factory Prime:  Apply manufacturer's standard, fast-curing, lead- and chromate-free, universal 

primer immediately after surface preparation and pretreatment. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates for compliance with requirements for installation tolerances and other conditions 

affecting performance of the Work. 

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

A. Comply with manufacturer's written instructions for installing access doors and frames. 

B. Install doors flush with adjacent finish surfaces or recessed to receive finish material. 

3.3 ADJUSTING 

A. Adjust doors and hardware, after installation, for proper operation. 

B. Remove and replace doors and frames that are warped, bowed, or otherwise damaged. 

 

END OF SECTION 083113 
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SECTION 081113  

HOLLOW METAL  DOORS AND FRAMES 

PART 1  GENERAL 
 

1.1 GENERAL REQUIREMENTS 

A. Work of this Section, as shown or specified, shall be in accordance with the requirements 
of the Contract Documents. 

1.2 SECTION INCLUDES 

A. Work of this Section includes all labor, materials, equipment, and services necessary to 
complete the steel doors and frames work as shown on the drawings and/or specified 
herein, including, but not limited to, the following: 

1. Interior and exterior hollow metal doors and frames for fire-rated and unrated door 
openings. 

2. Trimmed openings. 

3. Interior hollow metal vision panels. 

4. Preparation of metal doors and frames to receive finish hardware, including 
reinforcements, drilling and tapping necessary. 

5. Preparation of hollow metal doors to receive glazing where required. 

6. Steel louvers for hollow metal doors. 

7. Furnishing anchors for building into masonry and drywall. 

8. Factory prime painting of work of this Section. 

1.3 RELATED SECTIONS 

A. Installation of doors and frames - Section 062000. 

B. Finish Hardware - Section 087100. 

C. Gypsum Drywall - Section 092900. 

D. Painting and Finishing - Section 099000. 

 
1.4 SUBMITTALS 

A. Product Data: Include construction details, material descriptions, core descriptions, label 
compliance, compliance with standards referenced herein, sound and fire-
resistance ratings, and finishes for each type of door and frame specified. 

B. Shop Drawings: Show fabrication and installation of doors and frames. Include details of 
each frame type, elevations of door design types, conditions at openings, details of 
construction, reinforcement for surface applied hardware, dimensions of profiles and 
hardware preparation, location and installation requirements of door and frame hardware 
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and reinforcements, and details of joints and connections. Show anchorage and 
accessories. 

C. Door Schedule: Submit schedule of doors and frames using same reference numbers for 
details and openings as those on Drawings. 

1. Coordinate glazing frames and stops with glass and glazing requirements. 

D. Oversize Construction Certification: For door assemblies required to be fire rated and 
exceeding limitations of labeled assemblies, submit certification of a testing agency 
acceptable to authorities having jurisdiction that each door and frame assembly has been 
constructed to comply with design, materials, and construction equivalent to requirements 
for labeled construction. 

1.5 QUALITY ASSURANCE 

A. Manufacturer Qualifications: A firm experienced in manufacturing custom steel doors and 
frames similar to those indicated for this Project and with a record of successful in- service 
performance, as well as sufficient production capacity to produce required units. 

B. Testing Agency Qualifications: An independent agency qualified according to ASTM E 
329 for testing indicated. 

C. Source Limitations: Obtain custom steel doors and frames through one source from a 
single manufacturer. 

D. Fire-Rated Door and Frame Assemblies: Assemblies complying with NFPA 80 that are 
listed and labeled by a testing and inspecting agency acceptable to authorities having 
jurisdiction, for fire-protection ratings indicated. 

1. Test Pressure: Test according to NFPA 252 or UL 10C. After 5 minutes into the test, 
the neutral pressure level in furnace shall be established at 40" or less above the sill. 

2. Oversize Fire-Rated Door Assemblies: For units exceeding sizes of tested 
assemblies, provide certification by a testing agency acceptable to authorities having 
jurisdiction that doors comply with standard construction requirements for tested and 
labeled fire-protection-rated door assemblies except for size. 

3. Temperature-Rise Rating: At exit enclosures, provide doors that have a 
temperature-rise rating as required by prevailing Building Code in 30 minutes of fire 
exposure. 
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E. Smoke-Control Door Assemblies: Comply with NFPA 105 or UL 1784. 

F. Fire rated assemblies must have UL approved label. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver doors and frames palleted, wrapped, or crated to provide protection during transit 
and Project site storage. Do not use nonvented plastic. 

B. Inspect doors and frames, on delivery, for damage. Minor damage may be repaired 
provided refinished items match new work and are approved by Architect; otherwise, 
remove and replace damaged items as directed. 

C. Store doors and frames under cover at building site. Conform to the requirements of 
ANSI/SDI A250.11 for site storage unless more stringent requirements are noted herein. 
Place units on minimum 4-inch high wood blocking. Avoid using nonvented plastic or 
canvas shelters that could create a humidity chamber. If wrappers on doors become wet, 
remove cartons immediately. Provide minimum 1/4-inch spaces between stacked doors 
to permit air circulation. 

 
PART 2  PRODUCTS 

 
2.1 FABRICATION - GENERAL 

A. Fabricate hollow metal units to be rigid, neat in appearance and free from defects, warp 
or buckle. Accurately form metal to required sizes and profiles. Weld exposed joints 
continuously, grind, dress, and make smooth, flush and invisible. Metallic filler to conceal 
manufacturing defects is not acceptable. 

B. Unless otherwise indicated, provide countersunk flat Phillips or Jackson heads for 
exposed screws and bolts. 

C. Prepare hollow metal units to receive finish hardware, including cutouts, reinforcing, 
drilling and tapping in accordance with Finish Hardware Schedule and templates provided 
by hardware suppliers. Comply with applicable requirements of ANSI A115 
"Specifications for Door and Frame Preparation for Hardware." 

D. Locate finish hardware as shown on final shop drawings in accordance with locations 
noted herein. 

2.2 MANUFACTURERS 

A. Acceptable Manufacturers: Subject to compliance with requirements, provide products 
manufactured by Steelcraft, Curries, Ceco Door Products, or Fleming. 

B. Exterior Doors and Frames 

1. Basis of Design Energy Efficient: Curries; 797 Mercury Series. 
 
 

 
2. Basis of Design: Curries Company (CU); Thermal Break TQ Series. 
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2.3 FRAMES 

A. Materials 

1. Frames for exterior openings shall be made of commercial grade cold-rolled steel 
conforming to ASTM A 1008, Type B not less than 14 ga., and shall have a hot dipped 
galvannealed coating conforming to ASTM A 924 and A 653 with A60 coating. The 
zinc-alloy coating shall be a dull matte surface treated for paint adhesion. 

2. Frames for interior openings shall be either commercial grade cold-rolled steel 
conforming to ASTM A 1008, Type B or commercial grade hot-rolled steel conforming 
to ASTM A 1011, Commercial Steel, Type B. Metal thickness shall be not less than 
sixteen (16) ga. for frames in openings 4'-0" or less in width; not less than fourteen 
(14) ga. for frames in openings over 4'-0" in width. 

B. Design and Construction 

1. All frames shall be welded units with integral trim, of the sizes and shapes shown on 
approved shop drawings. Knock-down frames are not permitted. 

2. Thermal Break Frames: Subject to the same compliance standards and 
requirements as standard hollow metal frames. Tested for thermal performance in 
accordance with NFRC 102, and resistance to air infiltration in accordance with 
NFRC 400. Where indicated provide thermally broken frame profiles available for use 
in both masonry and drywall construction. Fabricate with 1/16” positive thermal break 
and integral vinyl weatherstripping. 

3. All finished work shall be strong and rigid, neat in appearance, square, true and free 
of defects, warp or buckle. Molded members shall be clean cut, straight and of 
uniform profile throughout their lengths. 

4. Jamb depths, trim, profile and backbends shall be as shown on drawings. 

a. Frames at drywall partitions shall be formed with double return backbends to 
prevent cutting into drywall surface. 

 
5. Welded frames shall have corners mitered and reinforced and faces of welded 

frames shall be continuously back welded full depth and width of frame conforming 
to NAAMM Standard HMMA-820; face joints shall be hairline. 

6. Minimum depth of stops shall be 5/8". 

7. Frames for multiple or special openings shall have mullion and/or rail members which 
are closed tubular shapes having no visible seams or joints. All joints between faces 
of abutting members shall be securely welded and finished smooth. 

a. Mullions shall have 16 ga. internal steel stiffeners welded not less than 4" o.c. 
 

8. Hardware Reinforcements 
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a. Frames shall be mortised, reinforced, drilled and tapped at the factory for fully-

templated mortised hardware only, in accordance with approved hardware 
schedule and templates provided by the hardware supplier. Where surface-
mounted hardware is to be applied, frames shall have reinforcing plates. 

 
b. Minimum thickness of hardware reinforcing plates shall be as follows 

(contractor shall provide larger and thicker plates as required to accommodate 
weight of door): 
1). Hinge and pivot reinforcements - seven (7) ga., 1-1/4" x 10" minimum 

size. 
2). Strike reinforcements - twelve (12) gauge. 
3). Flush bolt reinforcements - twelve (12) gauge. 
4). Closer reinforcements - twelve (12) gauge. 
5). Reinforcements for surface mounted hardware - twelve (12) gauge. 

 
9. Floor Anchors 

a. Provide adjustable floor anchors, providing not less than two (2) inch height 
adjustment. 

b. Minimum thickness of floor anchors shall be fourteen (14) gauge. 
 

10. Jamb Anchors 

a. Frames for installation in masonry walls shall be provided with adjustable jamb 
anchors of the wire type. Anchors shall be not less than 0.156" diameter steel 
wire. The number of anchors provided on each jamb shall be as follows: 
1). Frames up to 7'-6" height - three (3) anchors. 
2). Frames 7'-6" to 8'-0" height - four (4) anchors. 
3). Frames over 8'-0" height - one (1) anchor for each 2'-0" or fraction 

thereof in height. 
b. Frames for installation in stud partitions shall be provided with steel anchors of 

suitable design, not less than eighteen (18) gauge thickness, securely welded 
inside each jamb as follows: 
1). Frames up to 7'-6" height - four (4) anchors. 
2). Frames 7'-6" to 8'-0" height - five (5) anchors. 
3). Frames over 8'-0" height - five (5) anchors plus one additional for each 

2'-0" or fraction thereof over 8'-0". 
c. Frames to be anchored to previously placed concrete or masonry shall be 

provided with minimum 3/8" concealed bolts set into expansion shields or 
inserts at six (6) inches from top and bottom and twenty-four (24) inches o.c. 
Reinforce frames at anchor locations with sixteen (16) gauge sheet steel 
stiffeners welded to frame at each anchor. 

 
11. Anchors in exterior frames and in masonry walls shall be hot dip galvanized per 

ASTM A 153. 

12. Frames for installation in masonry wall openings more than 4'-0" in width shall have 
an angle or channel stiffener factory welded into the head. Such stiffeners shall be 
not less than twelve (12) gauge steel and not longer than the opening width and shall 
not be used as lintels or load bearing members. 
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13. Dust cover boxes (or mortar guards) of not thinner than twenty-six (26) gauge steel 

shall be provided at all hardware mortises on frames to be set in masonry or plaster 
partitions. 

14. Ceiling Struts: Minimum 3/8" thick x 2" wide steel. 

15. All frames shall be provided with a steel spreader temporarily attached to the feet of 
both jambs to serve as a brace during shipping and handling. 

16. Loose glazing stops shall be of cold rolled steel, not less than twenty (20) gauge 
thickness, butted at corner joints and secured to the frame with countersunk 
cadmium-or zinc-plated screws. Interior frames may be provided with snap-on 
glazing stops. 

17. Except on weather-stripped frames, drill stops to receive three (3) silencers on strike 
jambs of single door frames and two (2) silencers on heads of double-door frames. 

C. Finish: After fabrication, all tool marks and surface imperfections shall be removed, and 
exposed faces of all welded joints shall be dressed smooth. Frames shall then be 
chemically treated to ensure maximum paint adhesion and shall be coated on all surfaces 
with one coat of rust-inhibitive baked-on alkyd primer standard with the manufacturer 
which is fully cured before shipment to a dry film thickness of 2.0 mils. 

1. Frames set in masonry walls shall be grouted in as described in Section 042000 "Unit 
Masonry." These frames shall have surfaces in contact with grout shop coated with 
epoxy coating spray applied at 4 to 6 mils, passing NFPA 101, Class A for smoke 
and flame spread, tested per ASTM E 84. 

a. Basis of Design: Tnemec; Series 27 FC Typoxy 
b. Other Acceptable Manufacturers: 

1). PPG 
2). Benjamin Moore 
3). Sherwin Williams 

 
2. 4 HOLLOW METAL DOORS 

A. Materials: Doors shall be made of commercial quality, level, cold rolled steel conforming 
to ASTM A 1008, Commercial Steel, Type B and free of scale, pitting or other surface 
defects. Face sheets for interior doors shall be not less than eighteen (18) gauge. Face 
sheets for exterior doors shall be not less than sixteen (16) gauge and shall have a hot 
dipped galvannealed coating conforming to ASTM A 924 and A 653, A60 coating. The 
zinc alloy coating shall be a dull matte surface treated for paint adhesion. 

B. Exterior Doors (Energy Efficient): Face sheets fabricated of commercial quality hot-dipped 
zinc coated steel that complies with ASTM A924 A60. Provide doors complying with 
requirements indicated below by referencing ANSI/SDI A250.8 for level and model, and 
ANSI/SDI A250.4 for physical performance level. 

1. Design: Flush panel. 
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2. Core Construction: Foamed in place polyurethane and steel reinforced core with no 

stiffener face welds. 

a. Provide 16 gauge steel vertical reinforcements 6 inches apart and welded in 
place. Foamed in place polyurethane core is chemically bonded to all interior 
surfaces. No face welding is permitted. 

b. Thermal properties to rate at a fully operable minimum U-Factor 0.374 and R- 
Value 2.53, including insulated door, Mercury thermal-break frame and 
threshold. 

c. Kerf Type Frames: Thermal properties to rate at a fully operable minimum U- 
Factor 0.378 and R-Value 2.5, including insulated door, kerf type frame, and 
threshold. 

 
C. Design and Construction 

1. All doors shall be of the types and sizes shown on the approved shop drawings, and 
shall be fully welded seamless construction with no visible seams or joints on their 
faces or vertical edges. Minimum door thickness shall be 1-3/4". 

2. All doors shall be strong, rigid and neat in appearance, free from warpage or buckles. 
Corner bends shall be true and straight and of minimum radius for the gauge of metal 
used. 

3. Face sheets shall be stiffened by continuous vertical formed steel sections spanning 
the full thickness of the interior space between door faces. These stiffeners shall be 
not less than twenty-two (22) gauge spaced not more than six (6) inches apart and 
securely attached to face sheets by spot welds not more than five 
(5) inches o.c. Spaces between stiffeners shall be sound deadened and thermal 
insulated the full height of the door with an inorganic non-combustible batt type 
material. 

4. Door faces shall be joined at their vertical edges by a continuous weld extending the 
full height of the door. All such welds shall be ground, filled and dressed smooth to 
make them invisible and provide a smooth flush surface. 

5. Top and bottom edges of all doors shall be closed with a continuous recessed steel 
channel not less than fourteen (14) gauge, extending the full width of the door and 
spot welded to both faces. Exterior doors shall have an additional flush closing 
channel at their top edges and, where required for attachment of weather stripping, 
a flush closure also at their bottom edges. Openings shall be provided in the bottom 
closure of exterior doors to permit the escape of entrapped moisture. 

6. Edge profiles shall be provided on both vertical edges of doors as follows: 

a. Single-acting swing doors - beveled 1/8" in two (2) inches. 
b. Double acting swing doors - rounded on 2-1/8" radius. 
c. No square edge doors permitted. 

 
7. Hardware Reinforcements 

a. Doors shall be mortised, reinforced, drilled and tapped at the factory for fully 
templated hardware only in accord with the approved hardware schedule and 
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templates provided by the hardware supplier. Where surface-mounted 
hardware (or hardware, the interrelation of which is to be adjusted upon 
installation - such as top and bottom pivots, floor closers, etc.) is to be applied, 
doors shall have reinforcing plates. 

b. Minimum gauges for hardware reinforcing plates shall be as follows (contractor 
shall provide larger and thicker plates as required to accommodate weight of 
door): 
1). Hinge and pivot reinforcement - seven (7) gauge. 
2). Reinforcement for lock face, flush bolts, concealed holders, concealed 

or surface mounted closers - twelve (12) gauge. 
3). Reinforcements for all other surface mounted hardware - sixteen (16) 

gauge. 

D. Finish: After fabrication, all tool marks and surface imperfections shall be dressed, filled 
and sanded as required to make all faces and vertical edges smooth, level and free of all 
irregularities. Doors shall then be chemically treated to ensure maximum paint adhesion 
and shall be coated, on all exposed surfaces, with manufacturer's standard rust- inhibitive 
alkyd primer as specified for frames which shall be fully cured before shipment. 

E. Flatness: Doors shall maintain a flatness tolerance of 1/16" maximum, in any direction, 
including in a diagonal direction. 

2.5 LABELED DOORS AND FRAMES 

A. Labeled doors and frames shall be provided for those openings requiring fire protection 
ratings as scheduled on drawings. Such doors and frames shall be labeled by 
Underwriters' Laboratories or other nationally recognized agency having a factory 
inspection service. 

B. If any door or frame specified by the Architect to be fire-rated cannot qualify for appropriate 
labeling because of its design, size, hardware or any other reason, the Architect shall be 
so advised before fabricating work on that item is started. 
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2.6 HARDWARE LOCATIONS 

A. The location of hardware on doors and frames shall be as noted in "Recommended 
Locations for Architectural Hardware for Standard Steel Doors and Frames" of the Door 
Hardware Institute unless otherwise required by prevailing Handicapped Codes. 

2.7 CLEARANCES 

A. Fabricate doors and frames to meet edge clearances as follows: 

1. Jambs and Head: 1/8" plus or minus 1/16". 

2. Meeting Edges, Pairs of Doors: 1/8" plus or minus 1/16". 

3. Bottom: 3/4" if no threshold, 3/8" at threshold. 

B. Fire rated doors shall have clearances as required by NFPA 80. 

2.8 MANUFACTURING TOLERANCES 

A. Manufacturing tolerance shall be maintained within the limits given in HMMA 841 of 
ANSI/NAAMM, current edition. 

2.9 PREPARATION FOR FINISH HARDWARE 

A. Prepare door and frames to receive hardware: 

1. Hardware supplier shall furnish hollow metal manufacturer approved hardware 
schedule, hardware templates, and samples of physical hardware where necessary 
to ensure correct fitting and installation. 

2. Preparation includes sinkages and cut-outs for mortise and concealed hardware. 

B. Provide reinforcements for both concealed and surface applied hardware: 

1. Drill and tap mortise reinforcements at factory, using templates. 

2. Install reinforcements with concealed connections designed to develop full strength 
of reinforcements. 

2.10 REJECTION 

A. Hollow metal frames or doors which are defective, have hardware cutouts of improper size 
or location, or which prevent proper installation of doors, hardware or work of other trades, 
shall be removed and replaced with new at no cost. 

 
PART 3  EXECUTION 

 
3.1 INSPECTION 

A. Examine the areas and conditions where steel doors and frames are to be installed and 
correct any conditions detrimental to the proper and timely completion of the work. Do 
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not proceed with the work until unsatisfactory conditions are corrected to permit proper 
installation of the work. 

3.2 INSTALLATION 

A. Refer to Section 062000 for installation procedures for all work of this Section. 

 
END OF SECTION 
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SECTION 087100  

DOOR HARDWARE  

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Hardware for  hollow metal doors. 

B. Hardware for fire-rated doors. 

C. Electrically operated and controlled hardware. 

D. Lock cylinders for doors with balance of hardware specified in other sections. 

E. Thresholds. 

F. Weatherstripping and gasketing. 

1.02 RELATED REQUIREMENTS 

A. Section 081113 - Hollow Metal Doors and Frames. 

B. Section 281000 - Access Control: Electronic access control devices. 

1.03 REFERENCE STANDARDS 

A. ADA Standards - Americans with Disabilities Act (ADA) Standards for Accessible Design 

2010. 

B. BHMA A156.1 - Standard for Butts and Hinges 2021. 

C. BHMA A156.2 - Bored and Preassembled Locks and Latches 2017. 

D. BHMA A156.3 - Exit Devices 2020. 

E. BHMA A156.4 - Door Controls - Closers 2019. 

F. BHMA A156.8 - Door Controls - Overhead Stops and Holders 2021. 

G. BHMA A156.16 - Auxiliary Hardware 2018. 

H. BHMA A156.18 - Materials and Finishes 2020. 

I. BHMA A156.21 - Thresholds 2019. 

J. BHMA A156.25 - Electrified Locking Devices 2018. 

K. BHMA A156.26 - Standard for Continuous Hinges 2021. 

L. BHMA A156.28 - Recommended Practices For Mechanical Keying Systems 2018. 

M. BHMA A156.115 - Hardware Preparation In Steel Doors And Steel Frames 2016. 

N. BHMA A156.115W - Hardware Preparation in Wood Doors with Wood or Steel Frames 

2006. 

O. DHI (H&S) - Sequence and Format for the Hardware Schedule 2019. 

P. DHI (KSN) - Keying Systems and Nomenclature 2019. 

Q. NFPA 70 - National Electrical Code Most Recent Edition Adopted by Authority Having 

Jurisdiction, Including All Applicable Amendments and Supplements. 

R. NFPA 80 - Standard for Fire Doors and Other Opening Protectives 2022. 

S. NFPA 101 - Life Safety Code Most Recent Edition Adopted by Authority Having Jurisdiction, 

Including All Applicable Amendments and Supplements. 

T. NFPA 105 - Standard for Smoke Door Assemblies and Other Opening Protectives 2022. 
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U. NFPA 252 - Standard Methods of Fire Tests of Door Assemblies 2022. 

V. UL 10C - Standard for Positive Pressure Fire Tests of Door Assemblies Current Edition, 

Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordinate the manufacture, fabrication, and installation of products that door hardware is 

installed on. 

B. Sequence installation to ensure facility services connections are achieved in an orderly and 

expeditious manner. 

C. Preinstallation Meeting:  Convene a preinstallation meeting four weeks prior to 

commencing work of this section; require attendance by affected installers and the 

following: 

1. Architect. 

2. Installer's Architectural Hardware Consultant (AHC). 

3. Hardware Installer. 

4. Owner's Security Consultant. 

D. Furnish templates for door and frame preparation to manufacturers and fabricators of 

products requiring internal reinforcement for door hardware. 

E. Keying Requirements Meeting: 

1.05 SUBMITTALS 

A. See Section 013000 - Administrative Requirements for submittal procedures. 

B. Product Data: Manufacturer's catalog literature for each type of hardware, marked to 

clearly show products to be furnished for this project, and includes construction details, 

material descriptions, finishes, and dimensions and profiles of individual components. 

C. Shop Drawings - Door Hardware Schedule: A detailed listing that includes each item of 

hardware to be installed on each door. 

1. Prepared by or under supervision of Architectural Hardware Consultant (AHC). 

2. Comply with DHI (H&S) using door numbering scheme and hardware set numbers as 

indicated in Contract Documents. 

a. Submit in vertical format. 

3. List groups and suffixes in proper sequence. 

4. Include complete description for each door listed. 

5. Include manufacturer's and product names, and catalog numbers; include functions, 

types, styles, sizes and finishes of each item. 

6. Include account of abbreviations and symbols used in schedule. 

D. Shop Drawings - Electrified Door Hardware: Include diagrams for power, signal, and control 

wiring for electrified door hardware that include details of interface with building safety 

and security systems. Provide elevations and diagrams for each electrified door opening as 

follows: 

1. Prepared by or under supervision of Architectural Hardware Consultant (AHC) and 

Electrified Hardware Consultant (EHC). 

2. Elevations: Include front and back elevations of each door opening showing electrified 

devices with connections installed and an operations narrative describing how 

opening operates from either side at any given time. 

3. Diagrams: Include point-to-point wiring diagrams that show each device in door 

opening system with related colored wire connections to each device. 
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E. Manufacturer's Installation Instructions: Indicate special procedures and perimeter 

conditions requiring special attention. 

F. Manufacturer's qualification statement. 

G. Installer's qualification statement. 

H. Supplier's qualification statement. 

I. Maintenance Data: Include data on operating hardware, lubrication requirements, and 

inspection procedures related to preventative maintenance. 

1. Include manufacturer's parts lists and templates. 

2. Bitting List: List of combinations as furnished. 

J. Keying Schedule: 

1. Submit three (3) copies of Keying Schedule in compliance with requirements 

established during Keying Requirements Meeting unless otherwise indicated. 

K. Warranty: Submit manufacturer's warranty and ensure that forms have been completed in 

Owner's name and registered with manufacturer. 

L. Project Record Documents: Record actual locations of concealed equipment, services, and 

conduit. 

M. Maintenance Materials and Tools: Furnish the following for Owner's use in maintenance of 

project. 

1. See Section 016000 - Product Requirements, for additional provisions. 

2. Tools: One set of each special wrench or tool applicable for each different or special 

hardware component, whether supplied by hardware component manufacturer or 

not. 

1.06 QUALITY ASSURANCE 

A. Standards for Fire-Rated Doors: Maintain one copy of each referenced standard on site, for 

use by Architect and Contractor. 

B. Manufacturer Qualifications: Company specializing in manufacturing products specified in 

this section with minimum three years of documented experience. 

C. Installer Qualifications: Company specializing in performing work of the type specified for 

commercial door hardware with at least three years of documented experience. 

D. Supplier Qualifications:  Company with certified Architectural Hardware Consultant (AHC) 

and Electrified Hardware Consultant (EHC) to assist in work of this section. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Package hardware items individually; label and identify each package with door opening 

code to match door hardware schedule. 

1.08 WARRANTY 

A. See Section 017800 - Closeout Submittals for additional warranty requirements. 

B. Manufacturer Warranty: Provide manufacturer warranty against defects in material and 

workmanship for period indicated, from Date of Substantial Completion. Complete forms in 

Owner's name and register with manufacturer. 

1. Closers:  Ten years, minimum. 

2. Exit Devices:  Five years, minimum. 

3. Locksets and Cylinders:  Ten years, minimum. 
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PART 2  PRODUCTS 

2.01 GENERAL REQUIREMENTS 

A. Provide specified door hardware as required to make doors fully functional, compliant with 

applicable codes, and secure to extent indicated. 

B. Provide individual items of single type, of same model, and by same manufacturer. 

C. Locks: Provide a lock for each door, unless it's indicated that lock is not required. 

1. Lock Function: Provide lock and latch function numbers and descriptions of 

manufacturer's Series. As indicated in hardware sets. 

2. Trim: Provide lever handle or pull trim on outside of each lock, unless otherwise 

indicated. 

3. Strikes: 

a. Finish: To match lock or latch. 

b. Curved-Lip Strikes:  Provide as standard, with extended lip to protect frame, 

unless otherwise indicated. 

c. Center Strike At Pairs of Doors: 7/8 inch (22.2 mm) lip. 

D. Closers: 

1. Provide door closer on each exterior door, unless otherwise indicated. 

2. Provide door closer on each fire-rated and smoke-rated door. 

3. Spring hinges are not an acceptable self-closing device, unless otherwise indicated. 

E. Overhead Stops and Holders (Door Checks):. 

1. Provide stop for every swinging door, unless otherwise indicated. 

2. Overhead Stop is not required if positive stop feature is specified for door closer; 

positive stop feature of door closer is not an acceptable substitute for a stop, unless 

otherwise indicated. 

3. Overhead stop is not required if a floor or wall stop has been specified for the door. 

F. Drip Guards: Provide at head of outswinging exterior doors unless protected by roof or 

canopy directly overhead. 

G. Thresholds: 

1. Exterior Applications: Provide at each exterior door, unless otherwise indicated. 

H. Smoke and Draft Control Seals: 

1. Provide gasketing for smoke and draft control doors that complies with local codes, 

requirements of assemblies tested in accordance with UL 1784. 

I. Weatherstripping and Gasketing: 

1. Provide weatherstripping on each exterior door at head, jambs, and meeting stiles of 

door pairs, unless otherwise indicated. 

2. Provide door bottom sweep on each exterior door, unless otherwise indicated. 

J. Electrically Operated and/or Controlled Hardware: Provide necessary power supplies, 

power transfer hinges, relays, and interfaces as required for proper operation; provide 

wiring between hardware and control components and to building power connection in 

compliance with NFPA 70. 

K. See Section 281000 for additional access control system requirements. 

L. Fasteners: 

1. Provide fasteners of proper type, size, quantity, and finish that comply with 

commercially recognized standards for proposed applications. 
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a. Aluminum fasteners are not permitted. 

b. Provide phillips flat-head screws with heads finished to match door surface 

hardware unless otherwise indicated. 

2. Provide machine screws for attachment to reinforced hollow metal and aluminum 

frames. 

a. Self-drilling (Tek) type screws are not permitted. 

3. Provide stainless steel machine screws and lead expansion shields for concrete and 

masonry substrates. 

4. Provide wall grip inserts for hollow wall construction. 

5. Fire-Resistance-Rated Applications:  Comply with NFPA 80. 

a. Provide wood or machine screws for hinges mortised to doors or frames, strike 

plates to frames, and closers to doors and frames. 

b. Provide steel through bolts for attachment of surface mounted closers, hinges, or 

exit devices to door panels unless proper door blocking is provided. 

2.02 PERFORMANCE REQUIREMENTS 

A. Provide door hardware products that comply with the following requirements: 

1. Applicable provisions of federal, state, and local codes. 

a. NFPA 101. 

2. Accessibility: ADA Standards and ICC A117.1. 

3. Fire-Resistance-Rated Doors: NFPA 80, listed and labeled by qualified testing agency 

for fire protection ratings indicated, based on testing at positive pressure in 

accordance with NFPA 252 or UL 10C. 

4. Hardware on Fire-Resistance-Rated Doors: Listed and classified by UL (DIR), ITS (DIR), 

or testing firm acceptable to authorities having jurisdiction as suitable for application 

indicated. 

5. Hardware for Smoke and Draft Control Doors:  Provide door hardware that complies 

with local codes, and requirements of assemblies tested in accordance with UL 1784. 

6. Hardware Preparation for Steel Doors and Steel Frames: BHMA A156.115. 

7. Hardware Preparation for Wood Doors with Wood or Steel Frames: BHMA 

A156.115W. 

8. Products Requiring Electrical Connection: Listed and classified by UL (DIR) as suitable 

for the purpose specified. 

2.03 HINGES 

A. Manufacturers: Conventional butt hinges. 

1. BEST; dormakaba Group: 

2. Equals: As Approved by Architect. 

B. Properties: 

1. Butt Hinges: As applicable to each item specified. 

a. Standard Weight Hinges: Minimum of two (2) permanently lubricated non-

detachable bearings. 

b. Heavy Weight Hinges: Minimum of four (4) permanently lubricated bearings on 

heavy weight hinges. 

c. Template screw hole locations. 

d. Bearings:  Concealed fully hardened bearings. 

e. UL 10C listed for fire-resistance-rated doors. 

2. Continuous Hinges: As applicable to each item specified. 
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C. Sizes: See Door Hardware Schedule. 

1. Hinge Widths: As required to clear surrounding trim. 

2. Sufficient size to allow 180 degree swing of door. 

D. Finishes: See Door Hardware Schedule. 

1. Fully polish hinges; front, back, and barrel. 

E. Grades: 

1. Butt Hinges: Comply with BHMA A156.1 and BHMA A156.7 for templated hinges. 

2. Comply with BHMA A156.18 Materials and Finishes. 

F. Material: Base metal as indicated for each item by BHMA material and finish designation. 

G. Types: 

1. Butt Hinges: Include full mortise hinges. 

H. Options: As applicable to each item specified. 

I. Quantities: 

1. Butt Hinges: Three (3) hinges per leaves up to 90 inches (2286 mm) in height. Add one 

(1) for each additional 30 inches (762 mm) in height or fraction thereof. 

a. Hinge weight and size unless otherwise indicated in hardware sets: 

1) For doors up to 36 inches (914 mm) wide and up to 1-3/4 inches (44.5 mm) 

thick provide hinges with a minimum thickness of 0.134 inch (3.4 mm) and a 

minimum of 4-1/2 inches (114 mm) in height. 

2) For doors from 36 inches (914 mm) wide up to 42 inches (1067 mm) wide 

and up to 1-3/4 inches (44.5 mm) thick provide hinges with a minimum 

thickness of 0.145 inch (3.7 mm) and a minimum of 4-1/2 inches (114 mm) 

in height. 

3) For doors from 42 inches (1067 mm) wide up to 48 inches (1219 mm) wide 

and up to 1-3/4 inches (44.5 mm) thick provide hinges with a minimum 

thickness of 0.180 inch (4.6 mm) and a minimum of 5 inches (127 mm) in 

height. 

4) For doors greater than 1-3/4 inches (44.5 mm) thick provide hinges with a 

minimum thickness of 0.180 inch (4.6 mm) and a minimum of 5 inches (127 

mm) in height. 

J. Applications: At swinging doors. 

1. Provide non-removable pins at out-swinging doors with locking hardware and all 

exterior doors. 

K. Products: 

1. Butt Hinges: 

a. Ball Bearing, Five (5) Knuckle. 

 

2.04 BOLTS 

A. Manufacturers: 

1. ABH.   

2. Burns. 

3. Trimco. 

B. Properties: 

1. Dustproof Strikes: For bolting into floor, provide except at metal thresholds. 
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C. Options: 

1. Extension Bolts: In leading edge of door, one bolt into floor, one bolt into top of 

frame. 

2. Lever extensions: Provide for top bolt at oversized doors. 

2.05 EXIT DEVICES 

A. Manufacturers: 

1. Precision Apex 2000 Series 

2. Equals: As Approved by Architect.   

B. Properties: 

1. Actuation: Crossbar. 

2. Touchpads:  'T” style metal touchpads and rail assemblies with matching chassis 
covers end caps. 

3. Latch Bolts: Stainless steel deadlocking with 3/4 inch (19 mm) projection using latch 

bolt. 

4. Lever Design: Match project standard lockset trims. 

5. Cylinder: Include where cylinder dogging or locking trim is indicated. 

6. Strike as recommended by manufacturer for application indicated. 

7. Dogging: 

a. Non-Fire-Resistance-Rated Devices: Cylinder 1/4 inch (6 mm) hex key dogging. 

b. Fire-Resistance-Rated Devices: Manual dogging not permitted. 

8. Touch bar assembly on wide style exit devices to have a 1/4 inch (6.3 mm) clearance 

to allow for vision frames. 

9. All exposed exit device components to be of architectural metals and “true” 
architectural finishes. 

10. Handing: Field-reversible. 

11. Fasteners on Back Side of Device Channel: Concealed - exposed fasteners not allowed. 

12. Vertical Latch Assemblies' Operation: Gravity, without use of springs. 

C. Grades: Complying with BHMA A156.3, Grade 1. 

1. Provide exit devices tested and certified by UL or by a recognized independent 

laboratory for mechanical operational testing to 10 million cycles minimum with 

inspection confirming Grade 1 Loaded Forces have been maintained. 

D. Standards Compliance: 

1. UL Listed for Panic and Fire for Class II Circuitry. 

2. Provide UL (DIR) listed exit device assemblies for fire-resistance-rated doors. 

3. Comply with UL 10C. 

E. Code Compliance:  As required by authorities having jurisdiction in the State in which the 

Project is located. 

1. Listed by UL as a Controlled Exit Device (FULA) and Special Locking Arrangements 

(FWAX) category. 

F. Options: 

1. Electrified Devices: 

2. Delayed Egress Devices: Manufacturer's standard for the application. 

3. Internally mounted switch used to signal other components. 

4. Internally mounted switch that monitors the position of the latchbolt. 

5. MLR: Motorized latch retraction. 
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G. Products: 

1. 2000. 

2.06 ELECTRIC STRIKES 

A. Manufacturers: 

1. RCI 

2. HES. 

3. Equals: As Approved by Architect. 

B. Properties: 

1. Provide UL 1034 compliant devices. 

2. Provide UL 10C compliant devices. 

3. Include transformer and rectifier as necessary for complete installation. 

C. Installation: Connect electric strikes into fire alarm where non-rated doors are scheduled to 

release with fire or sprinkler alarm condition. 

2.07 LOCK CYLINDERS 

A. Manufacturers: 

1. BEST. No Substitution  

B. Material: 

1. Manufacturer's standard corrosion-resistant brass alloy. 

C. Types: As applicable to each item specified. 

1. Patented small format interchangeable core (SFIC) type cylinders, with seven pin 

cores. 

 

2.08 CYLINDRICAL LOCKS 

A. Manufacturers: 

1. BEST 9K Series. No Substitution 

B. Properties: 

1. Mechanical Locks: 

a. Fitting modified ANSI A115.2 door preparation. 

b. Door Thickness Fit: 1-3/8 inches (35 mm) to 2-1/4 inches (57 mm) thick doors. 

c. Construction: Hub, side plate, shrouded rose, locking pin to be a one-piece 

casting with a shrouded locking lug. 

1) Through-bolted anti-rotational studs. 

d. Cast stainless steel latch retractor with roller bearings for exceptionally smooth 

operation and superior strength and durability. 

e. Bored Hole: 2-1/8 inch (54 mm) diameter. 

f. Backset: 2-3/4 inches (70 mm) unless otherwise indicated. 

g. Latch:  Single piece tail-piece construction. 

1) Latchbolt Throw: 9/16 inch (14.3 mm), minimum. 

h. Cylinders: 

1) Cylinder Core Types: Locks capable of supporting manufacturers' cores, as 

applicable. 

i. Lever Trim: 

1) Style: See Door Hardware Schedule. 

2) Outside Lever Sleeve:  Seamless one-piece construction. 

2. Electrified Locks: Same properties as standard locks, and as follows: 
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a. Function: Electrically locked (Fail Safe) or unlocked (Fail Secure), as indicated for 

each lock in Door Hardware Schedule. 

C. Finishes: See Door Hardware Schedule. 

1. Core Faces: Match finish of lockset. 

D. Grades: Comply with BHMA A156.2, Grade 1, Series 4000, Operational Grade 1, Extra 

Heavy Duty. 

E. Material: Manufacturer's standard for specified lock. 

F. Products: Cylindrical locks, including mechanical and electrified types. 

 

 

2.09 CLOSERS 

A. Manufacturers: 

1. BEST EHD9000 Series 

2.  Equals: As Approved by Architect.. 

B. Properties: 

C. Grades: 

1. Closers: Comply with BHMA A156.4, Grade 1. 

a. Underwriters Laboratories Compliance: 

1) Product Listing: UL (DIR) and ULC for use on fire-resistance-rated doors. 

(a) UL 228 - Door Closers-Holders, With or Without Integral Smoke 

Detectors. 

D. Installation: 

1. Mounting: Includes surface mounted installations. 

2. Mount closers on non-public side of door and stair side of stair doors unless otherwise 

noted in hardware sets. 

3. At outswinging exterior doors, mount closer on interior side of door. 

4. Provide adapter plates, shim spacers, and blade stop spacers as required by frame and 

door conditions. 

5. Where an overlapping astragal is included on pairs of swinging doors, provide 

coordinator to ensure door leaves close in proper order. 

2.10 OVERHEAD STOPS AND HOLDERS 

A. Manufacturers: 

1. Architectural Builders Hardware Mfg (ABH) 

2. Glynn Johnson 

3. Rixson 

B. Sizes: Manufacturer’s standard for the application. 
C. Finishes: 

1. Arms and Brackets: Zinc-plated. 

D. Grades: As applicable to item specified. 

1. Comply with BHMA A156.8, Grade 1. 

2.11 PROTECTION PLATES 

A. Manufacturers: 

1. Burns. 
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2. Hiawatha. 

3. Trimco. 

B. Properties: 

1. Plates: 

a. Kick Plates: Provide along bottom edge of push side of every wood door with 

closer, except aluminum storefront and glass entry doors, unless otherwise 

indicated. 

1) Size: 10 inches (254 mm) high by 2 inch (51 mm) less door width (LDW) on 

push side of door. 

b. Mop Plates: Provide along bottom edge of push side of doors to provide 

protection from cleaning liquids and equipment damage to door surface. 

c. Edges: Beveled, on four (4) unless otherwise indicated. 

C. Grades: Comply with BHMA A156.6. 

D. Material: As indicated for each item by BHMA material and finish designation. 

1. Metal Properties: Stainless steel. 

a. Metal, Standard Duty: Thickness 0.050 inch (1.27 mm), minimum. 

E. Installation: 

1. Fasteners:  Countersunk screw fasteners 

2.12 STOPS AND HOLDERS 

A. Manufacturers: 

1. Burns. 

2. Hiawatha. 

3. Trimco.. 

B. General: Provide overhead stop/holder when wall or floor stop is not feasible. 

C. Grades: 

1. Door Holders, Wall Bumpers, and Floor Stops: Comply with BHMA A156.16 and 

Resilient Material Retention Test as described in this standard. 

2.13 WEATHERSTRIPPING AND GASKETING 

A. Manufacturers: 

1. National Guard Products, Inc. 

2. Pemko. 

3. Reese. 

B. Products: 

1. Weatherstripping: See Door Hardware Schedule. 

2. Smoke Seals: See Door Hardware Schedule. 

3. Meeting Stile Seals: See Door Hardware Schedule. 

4. Door Bottom Seals: 

a. Door Sweeps: See Door Hardware Schedule. 

 

2.14 KEYS AND CORES 

A. Manufacturers: 

1. BEST, No Substitution 

B. Properties: Complying with guidelines of BHMA A156.28. 

1. Provide small format interchangeable core. 
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2. Provide Patented CORMAX keys and cores. 

3. Provide keying information in compliance with DHI (KSN) standards. 

4. Keying Schedule: Arrange for a keying meeting, with Architect, Owner and hardware 

supplier, and other involved parties to ensure locksets and locking hardware, are 

functionally correct and keying complies with project requirements. 

5. Keying: Master keyed. 

6. Include construction keying and control keying with Brass removable core cylinders. 

7. Supply keys in following quantities: 

a. Grand Master Keys: 2 each. 

b. Master Keys: 4 each each group. 

c. Construction Master Keys: 4 each. 

d. Construction Control Keys: 2 each. 

e. Perm Core Control Keys: 4 each.      

f. Change Keys:  2 each change keys  for each keyed core. 

8. Deliver keys with identifying tags to Owner by security shipment direct from 

manufacturer. 

9. Include installation of permanent cores and return construction cores to hardware 

supplier. Construction cores and keys to remain property of hardware supplier. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that doors and frames are ready to receive this work; labeled, fire-rated doors and 

frames are properly installed, and dimensions are as indicated on shop drawings. 

B. Correct all defects prior to proceeding with installation. 

C. Verify that electric power is available to power operated devices and of correct 

characteristics. 

3.02 INSTALLATION 

A. Install hardware in accordance with manufacturer's instructions and applicable codes. 

B. Install hardware using the manufacturer’s fasteners provided.  Drill and tap all screw holes 

located in metallic materials.  Do not use “Riv-Nuts” or similar products. 
C. Install hardware on fire-rated doors and frames in accordance with applicable codes and 

NFPA 80. 

D. Install hardware for smoke and draft control doors in accordance with NFPA 105. 

E. Use templates provided by hardware item manufacturer. 

F. Do not install surface mounted items until application of finishes to substrate are fully 

completed. 

G. Wash down masonry walls and complete painting or staining of doors and frames. 

H. Complete finish flooring prior to installation of thresholds. 

I. Set exterior door thresholds with full-width bead of elastomeric sealant at each point of 

contact with floor providing a continuous weather seal; anchor thresholds with stainless 

steel countersunk screws. 

3.03 FIELD QUALITY CONTROL 

A. Perform field inspection and testing under provisions of Section 014000 - Quality 

Requirements. 
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3.04 CLEANING 

A. Clean finished hardware in accordance with manufacturer's written instructions after final 

adjustments have been made. 

B. Clean adjacent surfaces soiled by hardware installation activities. 

3.05 PROTECTION 

A. Protect finished Work under provisions of Section 017000 - Execution and Closeout 

Requirements. 

B. Do not permit adjacent work to damage hardware or finish. 

END OF SECTION 

 

 

Manufacturer list 
ABH Architectural Builders Hardware 

BES BEST 

PRE BEST (Precision) 

NGP National Guard Products 

RCI Rutherford Controls Inc 

 

Finish list 
Code: Name:  

689 689 Aluminum 

626 Satin Chrome 

26D 26D>CHROMIUM PLATED SATIN 

630 Satin Stainless Steel 

C Charcoal 

CL Clear 
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Specification Report 

Set #1 - Mech Room 

Doors: 107.1 

 

6.0 Hinge FBB179 NRP 45X45 26D BES 

1.0 Exit Device FL 2201 LBR 630 PRE 

1.0 Exit Device FL 2203 LBR 4903 D 630 PRE 

1.0 Rim Cylinder 12E 7 2 RP PATD 626 BES 

2.0 Door Closer EHD90  16 SDS90 689 BES 

2.0 Protection Plate PP0050 10" x 1" LDW B4E CSK US32D ABH 

1.0 Gasketing 5070 Meeting Stile Astragal CL NGP 

1.0 Gasketing 2525 Head & Jambs (2) C NGP 

 

Set #2 - Mech Room 

Doors: B101.1 

 

3.0 Hinge FBB179 NRP 45X45 26D BES 

1.0 Exit Device FL 2103 D 4903 630 PRE 

1.0 Rim Cylinder 12E 7 2 RP PATD 626 BES 

1.0 Door Closer EHD90  16 SDS90 689 BES 

1.0 Protection Plate PP0050 10" x 2" LDW B4E CSK US32D ABH 

1.0 Gasketing 2525 Head & Jambs (2) C NGP 

 

Set #3 - Elev Mech 

Doors: 107A.1 

 

3.0 Hinge FBB179 NRP 45X45 26D BES 

1.0 Cylindrical Lock 9K 3 7 D 14 D S3 PATD 626 BES 

1.0 Door Closer EHD90  16 DS90 689 BES 

1.0 Protection Plate PP0050 10" x 2" LDW B4E CSK US32D ABH 

1.0 Gasketing 2525 Head & Jambs (2) C NGP 

 

Set #4 - Phone/DATA - Card Access 

Doors: 107B.1 

 

3.0 Hinge FBB179 45X45 26D BES 

1.0 Cylindrical Lock 9K 3 7 D 14 D S3 PATD 626 BES 

1.0 Electric Strike F2164 F2LM 32D RCI 

1.0 Door Closer EHD90  16 AF90 689 BES 

1.0 Protection Plate PP0050 10" x 2" LDW B4E CSK US32D ABH 

1.0 Wall Stop AB400 626 ABH 

1.0 Card Reader By Rowan Univ Security   

1.0 Power Supply By Rowan Univ Security   
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1.0 Wiring Diagram FURNISHED BY HWDE SUPPLIER   

1.0 Door Position Switch By Rowan Univ Security   

1.0 Gasketing 2525 Head & Jambs (2) C NGP 

 

NOTE: Operation: Door normally closed and locked.  Presentation of valid credential to card reader 

releases electric strike allowing authorized entry. Request to Exit by Rowan University Security 

Vendor. Mechanical key override. Coordinate wiring / installation with GC / EC / Security Vendor. 

Set #5 - Mech Room – Card Access 

Doors: 107.2 

 

3.0 Hinge FBB179 NRP 45X45 26D BES 

1.0 Exit Device FL 2103 D 4903 630 PRE 

1.0 Rim Cylinder 12E 7 2 RP PATD 626 BES 

1.0 Electric Strike F0162 LM 32D RCI 

1.0 Door Closer EHD90  16 SDS90 689 BES 

1.0 Protection Plate PP0050 10" x 2" LDW B4E CSK US32D ABH 

1.0 Card Reader By Rowan Univ Security   

1.0 Power Supply By Rowan Univ Security   

1.0 Wiring Diagram FURNISHED BY HWDE SUPPLIER   

1.0 Door Position Switch By Rowan Univ Security 

1.0 Gasketing 2525 Head & Jambs (2) C NGP 

 

NOTE: Operation: Door normally closed and locked.  Presentation of valid credential to card reader 

releases electric strike allowing authorized entry. Request to Exit by Rowan University Security 

Vendor. Mechanical key override. Coordinate wiring / installation with GC / EC / Security Vendor. 
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SECTION 092900 

GYPSUM DRYWALL 

PART 1 GENERAL 
 

1.1 GENERAL REQUIREMENTS 

A. Work of this Section, as shown or specified, shall be in accordance with the Contract 
Documents. 

1.2 SECTION INCLUDES 

A. Work of this Section includes all labor, materials, equipment, and services necessary to 
complete the gypsum drywall as shown on the drawings and/or specified herein, 
including, but not limited to, the following: 

1. Gypsum board work for partitions and furrings. 

2. Metal supports for gypsum drywall construction. 

3. Acoustical insulation for gypsum drywall work. 

4. Sealant for gypsum drywall work. 

5. Concealed metal reinforcing for attachment of railings, toilet partitions and other 
items supported on drywall partitions and walls. 

6. Taping and finishing of drywall joints. 

7. Installing rings and frames in drywall surfaces for grilles, registers and lighting 
fixtures. 

8. Bracing and connections. 

1.3 RELATED SECTIONS 

A. Hollow metal door frames - Section 081113. 

B. Access doors - Section 083113. 

C. Painting - Section 099000. 

D. Rings for grilles, registers and light fixtures - Division 23 and 26. 

1.4 QUALITY ASSURANCE 

A. The following standards, as well as other standards which may be referred to in this 
Section, shall apply to the work of this Section: 

 
1. The Gypsum Construction Handbook, latest edition, USG. 

  

2. Construction Guide, latest edition, National Gypsum. 
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3. ASTM A 568 "Standard Specification for Steel, Sheet, Carbon, and High-Strength, 
Low-Alloy, Hot-Rolled and Cold-Rolled, General Requirements For" 

4. ASTM C 475 "Standard Specification for Joint Treatment Materials for Gypsum 
Wallboard Construction" 

5. ASTM C 645 "Standard Specification for Non-Structural Steel Framing Members" 

6. ASTM C 754 "Standard Specification for Installation of Steel Framing Members to 
Receive Screw Attached Gypsum Panel Products" 

7. ASTM C 840 "Standard Specification for Application and Finishing of Gypsum 
Board" 

8. ASTM C 919 "Standard Specification for Use of Sealants in Acoustical Applications" 

9. ASTM C 954 "Standard Specification for Steel Drill Screws for the Application of 
Gypsum Board or Metal Plaster Bases to Steel Studs From 0.033 in. to 0.112 in. in 
Thickness" 

10. ASTM C 1002 "Standard Specification for Steel Self-Piercing Tapping Screws for 
the Application of Gypsum Board" 

11. ASTM C 1177 "Standard Specification for Glass Mat Gypsum Substrate for Use as 
Sheathing" 

12. ASTM C 1178 "Standard Specification for Glass Mat Water Resistant Gypsum 
Backing Board" 

13. ASTM C 1278 "Standard Specification for Fiber-Reinforced Gypsum Panel" 

14. ASTM C 1396 "Standard Specification for Gypsum Board" 

15. ASTM D 3273 "Standard Test Method for Resistance to Growth of Mold on the 
Surface of Interior Coatings in an Environmental Chamber" 

B. Allowable Tolerances: 1/32" offsets between planes of board faces, and 1/16" in 8'-0" 
for plumb, level, warp and bow. 

C. System Design Load 

1. Provide standard drywall wall assemblies designed and tested by manufacturer to 
withstand a lateral load of 5 lbs. per sq. ft. for the maximum wall height required, and 
with deflection limited to L/240 of partition height. 

a. Drywall assemblies with tile finish shall have a deflection limit of L/360. 
 

2. Provide drywall ceiling assemblies designed, fabricated and installed to have a 
deflection not to exceed L/360. 

 
D. Fire-Resistance Rating: Where gypsum drywall with fire resistance ratings are indicated, 

provide materials and installations which are identical with those of applicable assemblies 
tested per ASTM E 119 by fire testing laboratories, or to design designations in UL "Fire 
Resistance Directory" or in listing of other testing agencies acceptable to authorities 
having jurisdiction, and compliant with UL Test #2079; criteria for cycle movement for all 
field height wall sections requiring allowance for vertical deflection within framing details. 
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E. Installer: Firm with not less than 5 years of successful experience in the installation of 
specified materials. 

F. Code-Compliance Certification of Studs and Tracks: Provide documentation that 
framing members are certified according to the product-certification program of the 
Steel Framing Industry Association (SFIA) or be a part of a similar organization that 
provides verifiable code compliance program. 

1.5 SUBMITTALS 

A. Submit shop drawing for each drywall partition, furring and ceiling system showing size 
and gauges of framing members, hanger and anchorage devices, wallboard types, 
insulation, sealant, methods of assembly and fastening, control joints indicating column 
lines, corner details, joint finishing and relationship of drywall work to adjacent work. 

B. Samples: Each material specified herein, 12" x 12", or 12" long, or in manufacturer's 
container, as applicable for type of material submitted. 

C. Manufacturer's Literature: Submit technical and installation instructions for each drywall 
partition, furring and ceiling system specified herein, and for each fire-rated and sound- 
rated gypsum board assembly. Submit other data as required to show compliance with 
these specifications, including data for mold resistant joint compound. 

D. Test Reports: This Contractor shall submit test report, obtained by drywall manufacturer, 
indicating conformance of drywall assemblies to required fire ratings and sound ratings. 

E. Evaluation Reports: Submit evaluation reports certified under an independent third party 
inspection program administered by an agency accredited by IAS to ICC-ES AC98, IAS 
Accreditation Criteria for Inspection Agencies. 

1.6 PRODUCT HANDLING AND PROTECTION 

A. Deliver, store and handle drywall work materials to prevent damage. Deliver materials in 
their original, unopened containers or bundles, and store where protected from moisture, 
damage and from exposure to the elements. Store wallboard in flat stacks. 

B. Protect wallboard from becoming wet. 

C. Protect metal framing from corrosion, deformation, and other damage during delivery, 
storage, and handling as required by AISI's "Code of Standard Practice". 

 

 
1.7 ENVIRONMENTAL CONDITIONS 

A. Provide and maintain minimum temperature of fifty-five (55) degrees F. and adequate 
ventilation to eliminate excessive moisture within the building in the area of the drywall 
work for at least twenty-four (24) hours, prior to, during and after installation of drywall 
work. Installation shall not start until windows are glazed and doors are installed, unless 
openings are temporarily closed. Space above suspended ceilings shall be vented 
sufficiently to prevent temperature and pressure build up. 

1.8 JOB MOCK-UP 

A. At a suitable location, where directed by the Architect, lay up a portion of a finished wall 
and ceiling demonstrating the quality of work, including finishing, to be obtained under 
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this Section. Omit drywall boards in locations as directed by the Architect to show stud 
spacing and attachments; after acceptance, complete assembly. 

B. Adjust the finishing techniques as required to achieve the finish required by the Architect 
as described in this Section of these specifications. 

C. Upon approval of the mock-up, the mock-up may be left in place as a portion of the 
finished work of this Section. 

D. All drywall work shall be equal in quality to approved mock-up. 

 
PART 2 PRODUCTS 

 
2.1 MANUFACTURERS 

A. Acceptable Manufacturers for Gypsum Drywall Panels and Accessories: U.S. Gypsum 
Co., Georgia Pacific, CertainTeed Corporation, Continental Building Products, or 
National Gypsum Co. meeting specification requirements are acceptable. 

1. All drywall products must be manufactured in North America. 

B. Acceptable Manufacturers for Metal Supports of Drywall Assemblies: Unless otherwise 
noted, provide products manufactured by ClarkDietrich, Super Stud Building Products, or 
Marino/Ware. 

2.2 METAL SUPPORTS 

A. Metal Studs, Framing and Furring 

1. C-Shaped Studs: Channel type with holes for passage of conduit formed from 
minimum 0.0312 inch (20 U.S. Std. gauge) (unless heavier gauge is required to meet 
deflection limits) cold formed steel, width as shown on drawings. 

2. Furring Channels: Hat shaped, formed from galvanized steel, 25 U.S. Std. gauge. 

a. Product: ClarkDietrich; Furring Channel, or comparable product. 
 

3. "C-H," "CT," or "I" Type Stud: 1-1/2" x 2-1/2", 4" or 6" wide (to suit detail) galvanized 
steel. Use for shaft wall construction; gauge and size as required to meet deflection 
limits given herein. 

a. Product: ClarkDietrich; CT Stud, or a comparable product. 
 

4. Double "E" Type Stud or "J" Track with Holding Tabs: 1" x 2-1/2", 4" or 6" wide (to 
suit detail) galvanized steel. Use for shaft wall construction; gauge and size as 
required to meet deflection limits given herein. 

a. Product: ClarkDietrich; J-Tabbed Track, or a comparable product. 
 

5. Continuous 16 gauge x 8" wide steel wall plate screwed to studs as required for 
support of railings, toilet partitions and other items supported on drywall partitions 
and walls. 

 
B. Protective Coating: All cold-formed steel members shall have coating conforming to AISI 

S220; ASTM A 653, G60 or coating with equivalent corrosion resistance of ASTM 
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A653/A653M, G60. Galvannealed products are not acceptable 

2.3 GYPSUM WALLBOARD TYPES 

A. Fire-Rated Gypsum Wallboard: 5/8" thick as indicated on drawings, 5/8" Sheetrock 
Ecosmart Firecode X by USG, "Firecheck Type C" by Lafarge/Continental, "Gold Bond 
Fireshield" by National Gypsum, or "Type C" and "Type X" by CertainTeed Corp., 48" 
wide, in maximum lengths available to minimize end-to-end butt joints. 

2.4 ACCESSORIES 

A. Acoustical Insulation: Paper-less, non-combustible, semi-rigid mineral fiber mat, 2" thick, 
in walls (unless otherwise indicated), 3 lb./cu. ft. maximum density; Thermafiber, Inc. (an 
Owens Corning company) "Thermafiber SAFB". 

B. Fasteners for Wallboard: USG Brand Screws; Type S Bugle Head for fastening 
wallboard to lighter gauge interior metal framing (up to 20 ga.). Type S-12 Bugle Head 
for fastening wallboard to heavier gauge interior metal framing (20 ga. to 12 ga.); Type 
S and Type S-12 Pan Head for attaching metal studs to door frames and runners; and 
Type G Bugle Head for fastening wallboard to wallboard. Lengths specified below under 
"Part 3 - Execution" Articles and as recommended by drywall manufacturer. 

1. For Portland cement base boards, fasteners shall be equal to Durock Steel Screws 
by U.S. Gypsum. 

C. Laminating Adhesive: "Sheetrock Brand Joint Compound." 

D. Metal Trim - Corner Beads: For 90 degree External Corners - ClarkDietrich; 103 
Deluxe Cornerbead or "Dur-A-Bead" No. 103, 26 U.S. Std. ga. galvanized steel, 1-1/4" 
x 1-1/4", for 90 degree external corners. 

E. Metal Trim - Edge Beads: "Sheetrock Brand Paper Faced Metal Bead and Trim." 

F. Partition/Concrete Ceiling Trim: Trim-Tex Super Seal Tear Away. 

G. Metal Trim Treatment Materials and Joint Treatment Materials for Gypsum Drywall 
Boards: Paper tape for joint reinforcing; Setting Type (Durabond 90) or Lightweight 
Setting Type Joint Compound for taping and topping; and Ready Mix Compound for 
finishing. 

1. For mold-resistant drywall, water resistant drywall, and tile backer board, use glass 
mesh tape with setting joint compound that is rated 10 when tested in accordance 
with ASTM D 3273 and evaluated in accordance with ASTM D 3274. 

H. Control Joints: ClarkDietrich; #093 Control Joint or No. 0.093, USG. 

I. Acoustical Sealant: Subject to compliance with requirements, provide one of the 
following: 

1. USG; Acoustical Sealant 

2. Tremco Mfg. Co.; Tremco Acoustical Caulking 

3. BASF; Masterseal NP520 

J. Neoprene Gaskets: Conform to ASTM D 1056. 
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PART 3 EXECUTION 

 
3.1 INSPECTION 

A. Examine the areas and conditions where gypsum drywall is to be installed and correct 
any conditions detrimental to the proper and timely completion of the work. Do not 
proceed with the work until unsatisfactory conditions are corrected to permit proper 
installation of the work. 

3.2 GENERAL INSTALLATION REQUIREMENTS 

A. General 

1. Install drywall work in accordance with drywall manufacturer's printed instructions 
and as indicated on drawings and specified herein. 

2. All metal framing for drywall partitions shall extend from floor to underside of 
structural deck above. Provide for vertical deflection with positive mechanical 
connections of framing members to structure. 

3. Provide concealed reinforcement, 16 ga. thick by eight (8) inches wide or as detailed 
or as recommended by manufacturer, for attachment of railings, toilet partitions, and 
other items to be supported on the partitions which cannot be attached to the metal 
framing members. Concealed reinforcement shall span between metal studs and 
be attached thereto using two (2) self-tapping pan head screws at each stud. 

a. Back of drywall shall be scored or notched to prevent bulging out where 
reinforcement plate occurs. 

 
B. Fire-Rated Assemblies: Install fire-rated assemblies in accordance with requirements of 

authorities having jurisdiction, Underwriters' Laboratories and test results obtained and 
published by the drywall manufacturer, for the fire-rated drywall assembly types indicated 
on the drawings. 

C. Sealant 

1. Install continuous acoustical sealant bead at top and bottom edges of wallboard 
where indicated or required for sound rating as wallboard is installed, and between 
metal trim edge beads and abutting construction. 

2. Install acoustical sealant in 1/8" wide vertical control joints within the length of the 
wall or partitions, and in all other joints, specified below under "Control Joints." Install 
bead of acoustical sealant around electric switch and outlet boxes, piping, ducts, 
and around any other penetration in the wallboard; place sealant bead between 
penetrations and edge of wallboard. 

 
3. Where sealant is exposed to view, protect adjacent surfaces from damage and from 

sealant material, and tool sealant flush with and in same plane as wallboard surface. 
Sealant beads shall be 1/4" to 3/8" diameter. 

D. Wallboard Application 

1. Do not install wallboard panels until steel door frames are in place; coordinate work 
with Section 081113, "Steel Doors and Frames." 
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2. See drawings for all board types. Use fire-rated wallboard for fire-rated assemblies. 
Use water-resistant wallboard where indicated on drawings and where wallboard 
would be subject to moisture. Install water-resistant wallboard in full, large sheets 
(no scraps) to limit number of butt joints. 

3. Apply wallboard with long dimension parallel to stud framing members, and with 
abutting edges occurring over stud flanges. 

4. Install wallboard for partitions from floor to underside of structure above and secure 
rigidly in place by screw attachment, unless otherwise indicated. 

5. Provide "Thermafiber" safing insulation meeting standards of Section 078413 at 
flutes of metal deck where partitions carry up to bottom of metal deck. 

6. Neatly cut wallboard to fit around outlets, switch boxes, framed openings, piping, 
ducts, and other items which penetrate wallboard; fill gaps with acoustic sealant. 

7. Where wallboard is to be applied to curved surfaces, dampen wallboard on back 
side as required to obtain required curve. Finish surface shall present smooth, even 
curve without fluting or other imperfections. 

8. Screw fasten wallboard with power-driven electric screw driver, screw heads to 
slightly depress surface of wallboard without cutting paper, screws not closer than 
3/8" from ends and edges of wallboard. 

9. Where studs are doubled-up, screw fasten wallboard to both studs in a staggered 
pattern. 

 
E. Metal Trim: Install and mechanically secure in accordance with manufacturer's 

instructions; and finish with three (3) coats of joint compound, feathered and finish sanded 
smooth with adjacent wallboard surface, in accordance with manufacturer's instructions. 

1. Corner Beads: Install specified corner beads in single lengths at all external corners, 
unless corner lengths exceed standard stock lengths. 

2. Edge Beads: Install specified edge beads in single lengths at all terminating edges 
of wallboard exposed to view, where edges abut dissimilar materials, where edges 
would be exposed to view, and elsewhere where shown on drawings. Where 
indicated on drawings, seal joint between metal edge bead and adjoining surface 
with specified gasket, 1/8" wide minimum and set back 1/8" from face of wallboard, 
unless other size and profile indicated on drawings. 

3. Casing beads shall be set in long lengths, neatly butted at joints. Provide casing 
beads at juncture of board and vertical surfaces and at exposed perimeters. 

F. Control Joint Locations: Gypsum board surfaces shall be isolated with control joints 
where: 

1. Ceiling abuts a structural element, dissimilar wall or other vertical penetration. 

2. Construction changes within the plane of the partition or ceiling. 

3. Shown on approved shop drawings. 

4. Ceiling dimensions exceed thirty (30) feet in either direction. 
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5. Wings of "L," "U," and "T" shaped ceiling areas are joined. 

6. Expansion or control joints occur in the structural elements of the building. 

7. Shaftwall runs exceed 30' without interruption. 

8. Partition or furring abuts a structural element or dissimilar wall or ceiling. 

9. Partition or furring runs exceed 30' without interruption. 

10. Where control joints are required, ceiling height door frames may be used as control 
joints. Less than ceiling height frames shall have control joints extending to the 
ceiling from both corners. 

G. Joint Treatment and Spackling 

1. Joints between face wallboards in the same plane, joints at internal corners of 
intersecting partitions and joints at internal corners of intersections between ceilings 
and walls or partitions shall be filled with joint compound. 

2. Screw heads and other depressions shall be filled with joint compound. Joint 
compound shall be applied in three (3) coats, feathered and finish surface sanded 
smooth with adjacent wallboard surface, in accordance with manufacturer's 
instructions. Treatment of joints and screw heads with joint compound is 
alsorequired where wallboard will be covered by finish materials which require 
a smooth surface, such as vinyl wall coverings. 

3.3 FURRED WALLS AND PARTITIONS 

A. Use specified metal furring channels. Run metal furring channel framing members 
vertically, space sixteen (16) inches o.c. maximum. Fasten furring channels to concrete 
or masonry surfaces with power-driven fasteners or concrete stub nails spaced sixteen 
(16) inches o.c. maximum through alternate wing flanges (staggered) of furring channel. 
Furring channels shall be shimmed as necessary to provide a plumb and level backing 
for wallboard. At inside of exterior walls, an asphalt felt protection strip shall be installed 
between each furring channel and the wall. Furring channel and splices shall be provided 
by nesting channels at least eight (8) inches and securely anchoring to concrete or 
masonry with two (2) fasteners in each wing. 

B. Wallboard Installation: Same as specified under Article 3.4 - "Metal Stud Partitions." 

3.4 METAL STUD PARTITIONS 

A. Unless otherwise noted, steel framing members shall be installed in accordance with 
ASTM C 754. 

B. Runner Installation: Use channel type. Align accurately at floor according to partition 
layout. Anchor runners securely sixteen (16) inches o.c. maximum with power-driven 
anchors to floor slab, with power-driven anchors to structural slab above. See "Stud 
Installation" below for runners over heads of metal door frames. Where required, carefully 
remove sprayed-on fireproofing to allow partition to be properly installed. 

C. Stud Installation 

1. Use channel type, positioned vertically in runners, spaced as noted on drawings, but 
not more than sixteen (16) inches o.c. 
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2. Anchor studs to floor runners with screw fasteners. Provide snap-in or slotted hole 
slip joint bolt connections of studs to ceiling runners leaving space for movement. 
Anchor studs at partition intersections, partition corners and where partition abuts 
other construction to floor and ceiling runners with sheet metal screws through each 
stud flange and runner flange. 

3. Connection at ceiling runner for non-rated partitions shall be snap-in or slotted hole 
slip joint bolt connection that shall allow for movement. Seal studs abutting other 
construction with 1/8" thick neoprene gasket continuously between stud and abutting 
construction. 

4. Connections for fire rated partitions at ceiling runners shall conform to UL Design 
#2079. 

5. Install metal stud horizontal bracing wherever vertical studs are cut or wallboard is 
cut for passage of pipes, ducts or other penetrations, and anchor horizontal bracing 
to vertical studs with sheet metal screws. 

6. At jambs of door frames and borrowed light frames, install doubled-up studs (not back to back) 
from floor to underside of structural deck, and securely anchor studs 

 

 
to jamb anchors of frames and to runners with screws. Provide cross braces from 
hollow metal frames to underside of slab. 

7. Over heads of door frames, install cut-to-length section of runner with flanges slit 
and web bent to allow flanges to overlap adjacent vertical studs, and securely anchor 
runner to adjacent vertical studs with sheet metal screws. Install cut-to- length 
vertical studs from runner (over heads of door frame) to ceiling runner sixteen (16) 
inches maximum o.c. and at vertical joints of wallboard, and securely anchor studs 
to runners with sheet metal screws. 

8. At control joints, in field of partition, install double-up studs (back to back) from floor 
to ceiling runner, with 1/4" thick continuous compressible gasket between studs. 
When necessary, splice studs with eight (8) inches minimum nested laps and attach 
flanges together with two (2) sheet metal screws in each flange. All screws shall be 
self-tapping sheet metal screws. 

D. Runners and Studs at Chase Wall: As specified above for "Runners" and "Studs" and as 
specified herein. Chase walls shall have either a single or double row of floor and ceiling 
runners with metal studs sixteen (16) inches o.c. maximum and positioned vertically in 
the runners so that the studs are opposite each other in pairs with the flanges pointing in 
the same direction. Anchor all studs to runner flanges with sheet metal screws through 
each stud flange and runner flange following requirements of paragraph 3.4, B. Provide 
cross bracing between the rows of studs by attaching runner channels or studs set full 
width of chase attached to vertical studs with one self-tapping screw at each end. Space 
cross bracing not over thirty-six (36) inches o.c. vertically. 

E. Wallboard Installation - Single Layer Application (Screw Attached) 

1. Install wallboard with long dimension parallel to framing member and with abutting 
edge joints over web of framing member. Install wallboard with long dimension 
perpendicular to framing members above and below openings in drywall extending 
to second stud at each side of opening. Joints on opposite sides of wall shall be 
arranged so as to occur on different studs. 
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2. Boards shall be fastened securely to metal studs with screws as specified. Where 
a free end occurs between studs, back blocking shall be required. Center abutting 
ends over studs. Correct work as necessary so that faces of boards are flush, 
smooth, true. 

3. Wallboard screws shall be applied with an electric screw gun. Screws shall be driven 
not less than 3/8" from ends or edges of board to provide uniform dimple not over 
1/32" deep. Screws shall be spaced twelve (12) inches o.c. in the field of the board 
and 8" o.c. staggered along the abutting edges. 

4. All ends and edges of wallboard shall occur over screwing members (studs or furring 
channels). Boards shall be brought into contact but shall not be forced into place. 
Where ends or edges abut, they shall be staggered. Joints on opposite sides of a 
partition shall be so arranged as to occur on different studs. 

5. At locations where piping receptacles, conduit, switches, etc., penetrate drywall 
partitions, provide non-drying sealant and an approved sealant stop at cut board 
locations inside partition. 

 

 
F. Wallboard Installation - Double-Layer Application 

1. General: See drawings for wallboard partition types required. 

2. First Layer (Screw Attached): Install as described above for single layer application. 

3. Second Layer (Screw Attached): Screw attach second layer, unless laminating 
method of attachment indicated on drawings or necessary to obtain required sound 
rating or fire rating. Install wallboard vertically with vertical joints offset thirty-two 
(32) inches from first layer joints and staggered on opposite sides of wall. Attach 
wallboard with 1-5/8" screws sixteen (16) inches o.c. along vertical joints and sixteen 
(16) inches o.c. in the field of the wallboard. Screw through first layer into metal 
framing members. 

4. Second Layer (Laminated): Install wallboard vertically. Stagger joints of second 
layer from first layer joints. Laminate second layer with specified laminating 
adhesive in beads or strips running continuously from floor to ceiling in accordance 
with manufacturer's instructions. After laminating, screw wallboard to framing 
members with 1-5/8" screws, spaced twelve (12) inches o.c. around perimeter of 
wallboard. 

G. Wallboard Installation - Laminated Application: Where laminated wallboard is indicated, 
use specified laminating adhesive, install wallboard vertically and maintain tolerances as 
specified for screw attached wallboard. 

H. Insulation Installation: Install where indicated on drawings. Place blanket tightly between 
studs. 

I. Deflection of Structure Above: To allow for possible deflection of structure above 
partitions, provide top runners for non-rated partitions with 1-1/4" minimum flanges and 
do not screw studs or drywall to top runner. Where positive anchorage of studs to top 
runner is required, anchorage device shall be by means of slotted hole (in clip connection 
with screw attachment to web of steel through bushings located in slots of clips), or other 
anchorage device approved by Architect. 



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 

 

 

 GYPSUM DRYWALL  092900 – 11 of 14 

Permitting and Bidding   March 6, 2026 

 

J. Control Joints 

1. Leave a 1/2" continuous opening between gypsum boards for insertion of surface 
mounted joint. 

2. Back by double framing members. 

3. Attach control joint to face layer with 9/16" galvanized staples six (6) inches o.c. at 
both flanges along entire length of joint. 

4. Provide two (2) inch wide gypsum panel strip or other adequate seal behind control 
joint in fire rated partitions and partitions with safing insulation. 

3.5 DRYWALL FASCIAS AND CEILINGS 

A. Furnish and install inserts, hanger clips and similar devices in coordination with other work. 

 
B. Secure hangers to inserts and clips. Clamp or bolt hangers to main runners. 

C. Space main runners 4'-0" o.c. and space hangers 4'-0" o.c. along runners, except as 
otherwise shown. 

D. Level main runners to a tolerance of 1/4" in 12'-0", measured both lengthwise on each 
runner and transversely between parallel runners. 

E. Metal Furring Channels: Space sixteen (16) inches o.c. maximum. Attach to 1-1/2" main 
runner channels with furring channel clips (on alternate sides of main runner channels). 
Furring channels shall not be let into or come in contact with abutting masonry walls. End 
splices shall be provided by nesting furring channels no less than eight (8) inches and 
securely wire tying. At any openings that interrupt the furring channels, install additional 
cross reinforcing to restore lateral stability. 

F. Mechanical accessories, hangers, splices, runner channels and other members used in 
suspension system shall be of metal, zinc coated, or coated with rust inhibitive paint, of 
suitable design and of adequate strength to support units securely without sagging, and 
such as to bring unit faces to finished indicated lines and levels. 

1. Provide special furring where ducts are over two (2) feet wide. 

G. Apply board with its long dimension at right angles to channels. Locate board butt joints 
over center of furring channels. Attach board with one (1) inch self-drilling drywall screws 
twelve (12) inches o.c. in field of board at each furring channel; eight (8) inches 
o.c. at butt joints located not less than 3/8" from edges. 

3.6 SHAFT WALLS 

A. Runner Installation: Use "J" metal runners at floor and ceiling, with the short leg toward 
finish side of wall. Securely attach runners to structural supports with power-driven 
fasteners at both ends and twenty-four (24) inches o.c. 

B. Shaft Wall Liner: Cut shaft wall liner panels one (1) inch less from floor to ceiling height 
and erect vertically between J-runners. 

C. C-H Studs: Cut metal studs 3/8" to not more than 1/2" less than floor to ceiling height 
and install between shaft wall liner panels so that panels are fitted snugly into the one 
(1) inch wide "H," "T," or "I" portion of the stud. Space studs twenty-four (24) inches o.c., 
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unless otherwise indicated on drawings.  Install full-length steel E-Studs or J-
runners vertically at T-intersections, corners, door jambs, and columns. Install full length 
E-Studs or J-runners over shaft wall liner both sides of closure panels. Frame openings 
cut within a liner panel with J-Runner around perimeter. For openings, frame with vertical 
E-Stud or J-runner at edges, horizontal runner at head and sill, and reinforcing as shown 
on the drawings. Suitably frame all openings to maintain structural support for wall. 
Install floor-to-ceiling steel E-Studs or J-runners each side of elevator door frames to act 
as strut-studs. Attach strut-stud to floor and ceiling runners with two (2) 3/8" Type S 
screws, space twelve (12) inches o.c. Over metal doors, install a cut to length section of 
runner and attach to strut-studs with clip angles and 3/8" Type S Screws space twelve 
(12) inches o.c. 

D. Wallboard Installation - Double Layer Installation: Erect gypsum wallboard base layer 
vertically or horizontally to meet fire rating on one side of studs with end joints 

 
 

 
staggered. Fasten base layer panels to studs with one (1) inch Type S screws twenty- 
four (24) inches o.c. Caulk perimeter of base layer panels. Apply gypsum wallboard face 
layer vertically over base layer with joints staggered and attached with 1-5/8" Type S 
screws staggered from those in base, spaced eight (8) inches o.c. and driven into studs. 

E. Wallboard Installation (Where Both Sides of Shaft Wall are Finished): Apply gypsum 
wallboard face layers vertically both sides of studs. Stagger joints on opposite partition 
sides. Fasten panels with one (1) inch or two (2) inches Type S screws spaced eight 
(8) inches o.c. in field and along edges into studs. 

F. Where handrails are indicated for direct attachment to drywall shaft system, provide not 
less than a sixteen (16) ga. x eight (8) inches wide galvanized steel reinforcement strip, 
accurately positioned and secured to studs and concealed behind not less than one 1/2" 
thick course of gypsum board in the system. 

G. Integrate stair hanger rods with drywall shaft system by locating cavity of system as 
required to enclose rods. 

H. Horizontal Shaftwall Duct and Ceiling Assemblies: Provide I-stud cavity shaftwall system 
for horizontal duct protection consisting of I-studs 24" o.c. with 1" fire-rated shaft liner 
panels inserted in the stud tabs, and three layers of 1/2" firecode C gypsum board 
attached to the stud flanges opposite the shaft liner panels. 

3.7 ERECTION AT COLUMN ENCLOSURES 

A. Metal furring supports shall be provided under work of this Section, and shall be cut to 
lengths as necessary for tight fit such that spacing is not more than sixteen (16) inches 
o.c. 

B. Board shall be fastened securely to supports with screws as specified. Place boards in 
position with minimum number of joints. Where free ends occur between supports, back-
blocking or furring shall be required. Center abutting ends over supports. Correct work 
as necessary so that faces of boards are flush, smooth and true. Provide clips or cross 
furring for attachment as required. 

C. All layers shall be screw attached to furring. 

D. When column finish called for on drawings to be in the same plane as drywall finish layer, 
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maintain even, level plane. 

3.8 FINISHING 

A. Taping: A thin, uniform layer of compound shall be applied to all joints and angles to be 
reinforced. Reinforcing tape shall be applied immediately, centered over the joint, seated 
into the compound. A skim coat shall follow immediately, but shall not function as a fill or 
second coat. Tape shall be properly folded and embedded in all angles to provide a true 
angle. 

B. Filling: After initial coat of compound has hardened, additional compound shall be 
applied, filling the board taper flush with the surface. The fill coat shall cover the tape and 
feather out slightly beyond the tape. On joints with no taper, the fill coat shall cover 

 

 
the tape and feather out at least four (4) inches on either side of the tape. No fill coat is 
necessary on interior angles. 

C. After compound has hardened, a finishing coat of compound shall be spread evenly over 
and extending slightly beyond the fill coat on all joints and feathered to a smooth, uniform 
finish. Over tapered edges, the finished joint shall not protrude beyond the plane of the 
surface. All taped angles shall receive a finish coat to cover the tape and taping 
compound, and provide a true angle. Where necessary, sanding shall be done between 
coats and following the final application of compound to provide a smooth surface, ready 
for painting. 

D. Fastener Depressions: Compound shall be applied to all fastener depressions followed, 
when hardened by at least two (2) coats of compound, leaving all depressions level with 
the plane of the surface. 

E. Finishing Beads and Trim: Compound shall be applied to all bead and trim and shall be 
feathered out from the ground to the plane of the surface. When hardened, this shall be 
followed by two (2) coats of compound each extending slightly beyond the previous coat. 
The finish coat shall be feathered from the ground to the plane of the surface and sanded 
as necessary to provide a flat, smooth surface ready for decoration. 

F. Except as otherwise noted, level of finish for surface exposed to view shall conform to 
Level 4 of ASTM C 840 and GA-214 of the Gypsum Association. 

G. Drywall construction with defects of such character which will mar appearance of finished 
work, or which is otherwise defective, will be rejected and shall be removed and replaced 
at no expense to the Owner. 

3.9 CLEANING AND ADJUSTMENT 

A. At the completion of installation of the work, all rubbish shall be removed from the building 
leaving floors broom clean. Excess material, scaffolding, tools and other equipment shall 
be removed from the building. 

B. Work shall be left in clean condition ready for painting or wall covering. All work shall be 
as approved by Architect. 

C. Cutting and Repairing: Include all cutting, fitting and repairing of the work included herein 
in connection with all mechanical trades and all other trades which come in conjunction 
with any part of the work, and leave all work complete and perfect after all trades have 
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completed their work. 

3.10 PROTECTION OF WORK 

A. Installer shall advise Contractor of required procedures for protecting drywall work from 
damage and deterioration during remainder of construction period. 

 
END OF SECTION 
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SECTION 099000 

PAINTING AND FINISHING 

PART 1 GENERAL 

1.1 GENERAL REQUIREMENTS 

A. Work of this Section, as shown or specified, shall be in accordance with the requirements 
of the Contract Documents. 

1.2 SECTION INCLUDES 

A. Work of this Section includes all labor, materials, equipment, and services necessary to 
complete the painting and finishing as shown on the drawings and/or specified herein, 
including, but not limited to, the following: 

1. Prime painting unprimed surfaces to be painted under this Section. 

2. Painting all items furnished with a prime coat of paint, including touching up of or 
repairing of abraded, damaged or rusted prime coats applied by others. 

3. Painting all ferrous metal (except stainless steel) exposed to view. 

4. Painting all galvanized ferrous metals exposed to view. 

5. Painting interior concrete block exposed to view. 

6. Painting gypsum drywall exposed to view. 

7. Painting plaster surfaces. 

8. Painting concrete floor. 

9. Sealing of concrete floor. 

10. Painting of wood exposed to view, except items which are specified to be painted or 
finished under other Sections of these specifications. Back painting of all wood in 
contact with concrete, masonry or other moisture areas. 

11. Painting pipes, pipe coverings, conduit, ducts, insulation, hangers, supports and 
other mechanical and electrical items and equipment exposed to view. 

12. Painting surfaces above, behind or below grilles, gratings, diffusers, louvers, lighting 
fixtures, and the like, which are exposed to view through these items. 

13. Incidental painting and touching up as required to produce proper finish for painted 
surfaces, including touching up of factory finished items. 

14. Painting of any surface not specifically mentioned to be painted herein or on 
drawings, but for which painting is obviously necessary to complete the job, or work 
which comes within the intent of these specifications, shall be included as though 
specified. 
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1.3 RELATED SECTIONS 

A. Shop priming is required on some, but not all of the items scheduled to be field painted. 
Refer to other Sections of work for complete description. 

B. Shop Coat on Machinery and Equipment: Refer to the Sections under which various 
items of manufactured equipment with factory applied shop prime coats are furnished, 
including, but not necessarily limited to, the following Sections. All items of equipment 
furnished with prime coat finish shall be finish painted under this Section. 

1. Plumbing - Division 22. 

2. Heating, ventilation and air conditioning - Division 23. 

C. Color Coding of Mechanical Piping and Electrical Conduits - Divisions 22 and 26. 

1. This Color Coding consists of an adhesive tape system and is in addition to painting 
of piping and conduits under this Section, as specified above. 

1.4 MATERIALS AND EQUIPMENT NOT TO BE PAINTED 

A. Items of equipment furnished with complete factory finish, except for items specified to 
be given a finish coat under this Section. 

B. Factory-finished toilet partitions. 

C. Factory-finished acoustical tile. 

D. Non-ferrous metals, except for items specified and/or indicated to be painted. 

E. Finished hardware, excepting hardware that is factory primed. 

F. Surfaces not to be painted shall be left completely free of droppings and accidentally 
applied materials resulting from the work of this Section. 

1.5 QUALITY ASSURANCE 

A. Job Mock-Up 

1. In addition to the samples specified herein to be submitted for approval, apply in the 
field, at their final location, each type and color of approved paint materials, applied 
10 feet wide, floor to ceiling of wall surfaces, before proceeding with the remainder 
of the work, for approval by the Architect. Paint mock-ups to include door and frame 
assembly. 

2. These applications when approved will establish the quality and workmanship for 
the work of this Section. 

3. Repaint individual areas which are not approved, as determined by the Architect, 
until approval is received. Assume at least two paint mock-ups of each color and 
gloss for approval. 

B. Qualification of Painters: Use only qualified painters for the mixing and application of 
paint on exposed surfaces. 
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C. Paint Coordination: Provide finish coats which are compatible with the prime paints used. 

Review other Sections of these specifications in which prime paints are to be provided to 
ensure compatibility of the total coatings system for the various substrates. Upon request 
from other subcontractors, furnish information on the characteristics of the finish 
materials proposed to be used, to ensure that compatible prime coats are used. Provide 
barrier coats over incompatible primers or remove and re-prime as required. Notify the 
Architect in writing of any anticipated problems using the coating systems as specified 
with substrates primed by others. 

D. All paints must conform to the Volatile Organic Compounds (VOC) standards of prevailing 
codes and ordinances. 

1.6 SUBMITTALS 

A. Materials List 

1. Before any paint materials are delivered to the job site, submit to the Architect a 
complete list of all materials proposed to be furnished and installed under this portion 
of the work. 

2. This shall in no way be construed as permitting substitution of materials for those 
specified or accepted for this work by the Architect. 

B. Samples 

1. Accompanying the materials list, submit to the Architect copies of the full range of 
colors available in each of the proposed products. 

2. Upon direction of the Architect, prepare and deliver to the Architect two (2) identical 
sets of Samples of each of the selected colors and glosses painted onto 8-1/2" x 
11" x 1/4" thick material; whenever possible, the material for Samples shall be the 
same material as that on which the coating will be applied in the work. 

C. Manufacturer's Recommendations: In each case where material proposed is not the 
material specified or specifically described as an acceptable alternate in this Section of 
these specifications, submit for the Architect's review the current recommended method 
of application published by the manufacturer of the proposed material. 

D. Close out Submittal 

1. Coating Maintenance Manual: Upon conclusion of the project, the Contractor or 
plant manufacturer/supplier shall furnish a coating maintenance manual such as 
Sherwin Williams “Custodian Project Color and Product Information” report or equal. 
Manual shall include an Area Summary with finish schedule, Area Detail designating 
where each product/color/finish was used, product data pages, MSDS, care and 
cleaning instructions, touch-up procedures, and color samples of each color and 
finish used. 

1.7 PRODUCT HANDLING 

A. Deliver all paint materials to the job site in their original unopened containers with all 
labels intact and legible at time of use. 

B. Protection 
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1. Store only the approved materials at the job site, and store only in a suitable and 
designated area restricted to the storage of paint materials and related equipment. 

2. Use all means necessary to ensure the safe storage and use of paint materials 
and the prompt and safe disposal of waste. 

3. Use all means necessary to protect paint materials before, during and after 
application and to protect the installed work and materials of all other trades. 

C. Replacements: In the event of damage, immediately make all repairs and replacements 
necessary. 

1.8 EXTRA STOCK 

A. Upon completion of this portion of the Work, deliver to the Owner an extra stock of paint 
equaling approximately ten (10) percent of each color and gloss used and each coating 
material used, with all such extra stock tightly sealed in clearly labeled containers. 

1.9 JOB CONDITIONS 

A. Apply water-based paints only when the temperature of surfaces to be painted and the 
surrounding air temperatures are between 50 degrees F. and 90 degrees F., unless 
otherwise permitted by the paint manufacturer's printed instructions. 

B. Apply solvent-thinned paints only when the temperature of surfaces to be painted and the 
surrounding air temperatures are between 45 degrees F. and 95 degrees F. unless 
otherwise permitted by the paint manufacturer's printed instructions. 

C. Do not apply paint in snow, rain, fog or mist; or when the relative humidity exceeds eighty-
five (85) percent; or to damp or wet surfaces; unless otherwise permitted by the paint 
manufacturer's printed instructions. 

D. Painting may be continued during inclement weather only if the areas and surfaces to be 
painted are enclosed and heated within the temperature limits specified by the paint 
manufacturer during application and drying periods. 

 
PART 2 PRODUCTS 

2.1 PAINT MANUFACTURERS 

A. Except as otherwise noted, provide the painting products listed for all required painting 
made by one of the manufacturers listed in the paint schedule (Section 2.4). These 
companies are Benjamin Moore, PPG Paints (PPG), and Sherwin Williams (S-W). 
Comply with number of coats and required minimum mil thicknesses as specified herein. 

2.2 MATERIALS 

A. Provide undercoat paint produced by the same manufacturer as the finish coats. Use 
only thinners approved by the paint manufacturer and use only to recommended limits. 

B. Colors and Glosses: All colors and glosses shall be as selected by the Architect. Certain 
colors will require paint manufacturer to prepare special factory mixes to match colors 
selected by the Architect. Color schedule (with gloss) shall be furnished by the Architect. 
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C. Coloring Pigment: Products of or furnished by the manufacturer of the paint or enamel 
approved for the work. 

D. Linseed Oil: Raw or boiled, as required, of approved manufacture, per ASTM D 234 and 
D 260, respectively. 

E. Turpentine: Pure distilled gum spirits of turpentine, per ASTM D 13. 

F. Shellac: Pure gum shellac (white or orange) cut in pure denatured alcohol using not less 
than four (4) lbs. of gum per gallon of alcohol. 

G. Driers, Putty, Spackling Compound, Patching Plaster, etc.: Best quality, of approved 
manufacture. 

H. Heat Resistant Paint: Where required, use heat resistant paint when applying paint to 
heating lines and equipment. 

2.3 GENERAL STANDARDS 

A. The various surfaces shall be painted or finished as specified below in Article 2.4. 
However, the Architect reserves the right to change the finishes within the range of flat, 
semi-gloss or gloss, without additional cost to the Owner. 

B. All paints, varnishes, enamels, lacquers, stains and similar materials must be delivered 
in the original containers with the seals unbroken and label intact and with the 
manufacturer's instructions printed thereon. 

C. All painting materials shall bear identifying labels on the containers with the 
manufacturer's instructions printed thereon. 

D. Paint shall not be badly settled, caked or thickened in the container, shall be readily 
dispersed with a paddle to a smooth consistency and shall have excellent application 
properties. 

E. Paint shall arrive on the job color-mixed except for tinting of under-coats and possible 
thinning. 

F. All thinning and tinting materials shall be as recommended by the manufacturer for the 
particular material thinned or tinted. 

G. It shall be the responsibility of the Contractor to see that all mixed colors match the color 
selection made by the Architect prior to application of the coating. 

2.4 SCHEDULE OF FINISHES 

A. High Performance Coating on Exterior Galvanized Ferrous Metals 

First Coat:  "PittGuard Rapid Coat Epoxy 95-245 Series by PPG, "Series 27WB Typoxy" 
by Tnemec; "Epoxy Mastic Coating V160" by Benjamin Moore Corotech 
or "Recoatable Epoxy Primer 867-45" by Sherwin Williams. 

Second Coat: "Pitthane Ultra 95-812 (Gloss)" or "High Build 95-8800 (Semi-Gloss)" by 
PPG; "Series 1080 (gloss) Endura-Shield WB" or "Series 1081 (semi-
gloss) Endura-Shield WB" by Tnemec; "Acrylic Aliphatic Urethane V500 
(Gloss)" or "V510 (Semi-Gloss)" by Benjamin Moore Corotech or "Hi-
Solids Urethane B65-300/350" by Sherwin Williams. 
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B. High Performance Coating on Exterior Non-Galvanized Ferrous Metals 

Prime Coat:  "Amercoat 68HS Epoxy Zinc-Rich Primer" by PPG; "Series 94-H2O Hydro-
Zinc" by Tnemec; "Organic Zinc Rich Primer V170" by Benjamin Moore 
Corotech or "Zinc Clad II Plus Inorganic Zinc Rich Coating B69V212" by 
Sherwin Williams. 

Second Coat: "Pitt Guard Rapid Coat Epoxy 95-245" by PPG; "Series 27WB Typoxy" 
by Tnemec; "Epoxy Mastic Coating V160" by Benjamin Moore Corotech 
or "Macropoxy 646 Fast Cure Epoxy B58-600" by Sherwin Williams. 

Third Coat:   "Pitthane Ultra 95-812 (Gloss)" or "High Build 95-8800 (Semi-Gloss)" 
by PPG; "Series 1070V (gloss) Fluoronar" or "Series 1071V (semi- 
gloss) Fluoronar" by Tnemec; "Acrylic Aliphatic Urethane V500 (Gloss)" 
or "V510 (Semi-Gloss)" by Benjamin Moore Corotech or "Hi- Solids 
Polyurethane B65-300/350" by Sherwin Williams. 

C. Interior Ferrous Metal 

Satin Finish/Latex 
Primer: Benj. Moore Ultra Spec HP Acrylic Metal Primer (HP04) 

PPG Pitt Tech Plus DTM Acrylic Primer 4020 
S-W Pro-Industrial Pro-Cryl Universal Primer B66-3100 Series 

First Coat: Benj. Moore Corotech Pre-Catalyzed WB Epoxy Eggshell (V342) 
PPG Pitt Glaze WB1 Pre-Catalyzed Eggshell Epoxy 16-310 
S-W Pro Industrial Acrylic Eg-Shel, B66-660 Series 

Second Coat: Benj. Moore Corotech Pre-Catalyzed WB Epoxy Eggshell (V342) 
PPG Pitt Glaze WB1 Pre-Catalyzed Eggshell Epoxy 16-310 
S-W Pro Industrial Acrylic Eg-Shel, B66-660 Series 
a.  Total DFT not less than: 3.9 mils 

Semi-Gloss Finish/Latex 
Primer: Benj. Moore Ultra Spec-HP Acrylic Metal Primer (HP04) 

PPG Devflex 4020 PF DTM Primer/Flat Finish 
S-W Pro-Industrial Pro-Cryl Universal Primer B66-3100 Series 

First Coat: Benj. Moore Corotech Pre-Catalyzed WB Epoxy Semi-Gloss (V341) 
PPG Pitt Glaze WB1 Pre-Catalyzed Semi-Gloss Epoxy 16-510 
S-W Pro Industrial Acrylic Semi-Gloss, B66-650 Series 

Second Coat: Benj. Moore Corotech Pre-Catalyzed WB Epoxy Semi-Gloss (V341) 
PPG Pitt Glaze WB1 Pre-Catalyzed Semi-Gloss Epoxy 16-510 
S-W Pro Industrial Acrylic Semi-Gloss, B66-650 Series 
a. Total DFT not less than: 4.0 mils 

D. Interior Concrete Block 

Flat Finish/Vinyl Acrylic Latex over Filler 
Block Filler: Benj. Moore Ultra Spec Masonry Int./Ext. High Build Block Filler (571) 

PPG Speedhide HI Fill Latex Block Filler 6-15XI 
S-W Pro Industrial Heavy-Duty Block Filler, B42-150 

First Coat: Benj. Moore Ultra Spec 500 Interior Flat Latex (N536) 
PPG Speedhide Zero Interior Latex Flat 6-4110XI 
S-W ProMar 200 Zero VOC Interior Latex Flat, B30-12600 Series 

Second Coat: Benj. Moore Ultra Spec 500 Interior Flat Latex (N536) 
PPG Speedhide Zero Interior Latex Flat 6-4110XI 
S-W ProMar 200 Zero VOC Interior Latex Flat, B30-12600 Series 
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a. Total DFT not less than: 10.7 mils 

Eggshell Finish/Vinyl Acrylic Latex Over Filler 
Block Filler: Benj. Moore Ultra Spec Masonry Int./Ext. High Build Block Filler (571) 

PPG Speedhide HI Fill Latex Block Filler 6-15XI 
S-W Pro Industrial Heavy-Duty Block Filler, B42-150 

First Coat: Benj. Moore Ultra Spec 500 Interior Latex Eggshell (N538) 
PPG Speedhide Zero Interior Latex Eggshell 6-4310XI 
S-W ProMar 200 Zero VOC Interior Latex Eg-Shel, B20-1900 Series 

Second Coat: Benj. Moore Ultra Spec 500 Interior Latex Eggshell (N538) 
PPG Speedhide Zero Interior Latex Eggshell 6-4310XI 
S-W ProMar 200 Zero VOC Interior Latex Eg-Shel, B20-1900 Series 
a. Total DFT not less than: 10.9 mils 

Semi-Gloss Finish/Vinyl Acrylic Latex over Filler 
Block Filler: Benj. Moore Ultra Spec Masonry Int./Ext. High Build Block Filler (571) 

PPG Speedhide HI Fill Latex Block Filler 6-15XI 
S-W Pro Industrial Heavy-Duty Block Filler, B42-150 

First Coat: Benj. Moore Ultra Spec 500 Interior Latex Gloss (N540) 
PPG Speedhide Zero Interior Semi-Gloss Latex, 6-4510XI Series 
S-W ProMar 200 Zero VOC Interior Latex Semi-Gloss, B31-2600 Series 

Second Coat: Benj. Moore Ultra Spec 500 Interior Latex Gloss (N540) 
PPG Speedhide Zero Interior Semi-Gloss Latex, 6-4510XI Series 
S-W ProMar 200 Zero VOC Interior Latex Semi-Gloss, B31-2600 Series 
a. Total DFT not less than: 10.7 mils 

E. Interior Drywall 

Flat Finish/Vinyl Acrylic Latex 
Primer: Benj. Moore Ultra Spec 500 Interior Latex Primer (N534) 

PPG Speedhide Zero Interior Latex Primer 6-4900XI 
S-W ProMar 200 Zero VOC Interior Latex Primer, B28-2600 

First Coat: Benj. Moore Ultra Spec 500 Latex Flat (N536) 
PPG Speedhide Zero Interior Latex Flat 6-4110XI 
S-W ProMar 200 Zero VOC Interior Latex Flat, B30-12600 Series 

Second Coat: Benj. Moore Ultra Spec 500 Latex Flat (N536) 
PPG Speedhide Zero Interior Latex Flat 6-4110XI 
S-W ProMar 200 Zero VOC Interior Latex Flat, B30-12600 Series 
a. Total DFT not less than: 3.6 mils 

Eggshell Finish/ Scuff Resistant Latex 
Primer: Benjamin Moore Ultra Spec 500 Interior Latex Primer (N534) 
First Coat: Benjamin Moore Ultra Spec Scuff-X Latex Eggshell (485) 
Second Coat: Benjamin Moore Ultra Spec Scuff-X Latex Eggshell (485) 

Matte Finish/Scuff and Stain Resistant Acrylic Latex 
Primer: PPG Pure Performance Interior Latex Primer 9-900 
First Coat PPG UltraLast Interior Latex Paint + Primer Matte 13-210 
Second Coat PPG UltraLast Interior Latex Paint + Primer Matte 13-210 

Eggshell Finish/Scuff and Stain Resistant Acrylic Latex 
Primer: PPG Pure Performance Interior Latex Primer 9-900 
First Coat PPG UltraLast Interior Latex Paint + Primer Eggshell 13-310 
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Second Coat PPG UltraLast Interior Latex Paint + Primer Eggshell 13-310 
Semi-Gloss Finish/Scuff and Stain Resistant Acrylic Latex 
Primer: PPG Pure Performance Interior Latex Primer 9-900 
First Coat PPG UltraLast Interior Latex Paint + Primer Semi-Gloss 13-510 
Second Coat PPG UltraLast Interior Latex Paint + Primer Semi-Gloss 13-510 

Eggshell Finish/Vinyl Acrylic Latex 
Primer: Benj. Moore Ultra Spec 500 Interior Latex Primer (N534) 

PPG Speedhide Zero Interior Latex Primer 6-4900XI 
S-W ProMar 200 Zero VOC Interior Latex Primer, B28-2600 

First Coat: Benj. Moore Ultra Spec 500 Interior Latex Eggshell (N538) 
PPG Speedhide Zero Interior Latex Eggshell 6-4310XI 
S-W ProMar 200 Zero VOC Interior Latex Eg-Shel, B20-1900 Series 

Second Coat: Benj. Moore Ultra Spec 500 Interior Latex Eggshell (N538) 
PPG Speedhide Zero Interior Latex Eggshell 6-4310XI 
S-W ProMar 200 Zero VOC Interior Latex Eg-Shel, B20-1900 Series 
a. Total DFT not less than: 3.8 mils 

F. Interior Painted Wood 

Satin Finish/Latex 
Primer: Benj. Moore Fresh Start Latex Primer (0023) 

PPG Seal Grip Int./Ext. Acrylic Universal Primer/Sealer 17-921 
S-W Multi-Purpose Latex Primer/Sealer B51 Series 

First Coat: Benj. Moore Ultra Spec 500 Interior Latex Semi-Gloss (N539) 
PPG Speedhide Zero Interior Latex Satin, 6-4410XI 
S-W ProMar 200 Zero VOC Interior Latex Eg-Shel, B20-1900 Series 

Second Coat: Benj. Moore Ultra Spec 500 Interior Latex Semi-Gloss (N539) 
PPG Speedhide Zero Interior Latex Satin, 6-4410XI 
S-W ProMar 200 Zero VOC Interior Latex Eg-Shel, B20-1900 Series 
a. Total DFT not less than: 4.0 mils 

Semi-Gloss Finish/Latex 
Primer: Benj. Moore Fresh Start Latex Primer (0023) 

PPG Seal Grip Int./Ext. Acrylic Universal Primer/Sealer 17-921 
S-W Multi-Purpose Latex Primer/Sealer B51 Series 

First Coat: Benj. Moore Ultra Spec 500 Interior Latex Gloss (N540) 
PPG Speedhide Zero Interior Semi-Gloss Latex, 6-4510XI 
S-W ProMar 200 Zero VOC Interior Latex Semi-Gloss, B31-2600 Series 

Second Coat: Benj. Moore Ultra Spec 500 Interior Latex Gloss (N540) 
PPG Speedhide Zero Interior Semi-Gloss Latex, 6-4510XI 
S-W ProMar 200 Zero VOC Interior Latex Semi-Gloss, B31-2600 Series 
a. Total DFT not less than: 3.8 mils 

G. Primer for Fiberglass Faced Drywall: 

1 coat Benjamin Moore 046 Fresh Start Acrylic All-Purpose High Hiding Primer 
1 coat PPG Paints Seal Grip Interior/Exterior Acrylic Universal Primer/Sealer 17-921 
1 coat Sherwin Williams "Builders Solution." 

H. Interior Drywall to Receive Wallcovering 

Primer: 1 coat "Shield Z Mold and Mildew Proof Commercial Wallcovering 
Primer" made by Zinsser 



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 

 

 

 PAINTING AND FINISHING  099000 – 9 of 14 

Permitting and Bidding   March 6, 2026 

 

 
 

1 coat Multi-Purpose Interior/Exterior B51-450 by Sherwin Williams 
 

 I. Concrete Floor Paint 

 Primer: Corotech V155 Solid Epoxy Pre-Primer 
First Coat: Corotech V440 Waterborne Amine Epoxy 
Second Coat: Corotech V440 Waterborne Amine Epoxy 
Non-Slip Aggregate: Broadcast Corotech V630 Anti-Slip Aggregate. 

 
PPG Paints 
Primer: 1 Coat-PPG Megaseal HSPC 0 VOC Epoxy Primer/Sealer @ 6-8 mils dft 
Finish: 2 Coats-PPG Aquapon WB EP Ultra Low VOC Water Based Semi-Gloss/Gloss 
Epoxy, 98-51E Series.@ 2-4 mils DFT; VOC 26g/l 
Non-Slip: Add PPG Amercoat 886 Anti-Slip Additive (pumice) into the first coat of epoxy 
finish. 

J. Concrete Floor Sealer: Two coats, Super Diamond VOX by Euclid Chemical or 
approved equal. 

2.5 
 

EXISTING SURFACES TO BE PAINTED 

 A. Existing surfaces shall be painted in accordance with schedule given in Article 2.4 herein 
except that first or prime coat may be eliminated where existing paint is sound. Where 
existing paint must be removed down to base material, provide first or prime coat as 
specified. 

2.6 
 

PIPING AND MECHANICAL EQUIPMENT EXPOSED TO VIEW 

 A. Paint all exposed piping, conduits, ductwork and mechanical and electrical equipment. 
Use heat resisting paint when applied to heating lines and equipment. The Contractor is 
cautioned not to paint or otherwise disturb moving parts in the mechanical systems. Mask 
or otherwise protect all parts as required to prevent damage. 

 B. Exposed Uncovered Ductwork, Piping, Hangers and Equipment: Latex Enamel 
Undercoater and one (1) coat Acrylic Latex Flat. 

 
C. Exposed Covered Piping, Duct Work and Equipment: Primer/Sealer and one (1) coat 

Acrylic Latex Flat. 

 
D. Panel Boards, Grilles and Exposed Surfaces of Electrical Equipment: Latex Enamel 

Undercoater and two (2) coats Latex Semi-Gloss. 

 
E. Equipment or Apparatus with Factory-Applied Paint: Refinish any damaged surfaces to 

match original finish. Do not paint over name plates and labels. 

 F. All surfaces of insulation and all other work to be painted shall be wiped or washed 
clean before any painting is started. 

 
G. All conduit, boxes, distribution boxes, light and power panels, hangers, clamps, etc., are 

included where painting is required. 

 
H. All items of Mechanical and Electrical trades which are furnished painted under their 

respective Contracts shall be carefully coordinated with the work of this Section so as to 
leave no doubt as to what items are scheduled to be painted under this Section. 
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PART 3 EXECUTION 

3.1 INSPECTION 

A. Examine the areas and conditions where painting and finishing are to be applied and 
correct any conditions detrimental to the proper and timely completion of the work. Do 
not proceed with the work until unsatisfactory conditions are corrected to permit proper 
installation of the work. 

3.2 GENERAL WORKMANSHIP REQUIREMENTS 

A. Only skilled mechanics shall be employed. Application may be by brush or roller. Spray 
application only upon acceptance from the Architect in writing. 

B. The Contractor shall furnish the Architect a schedule showing when he expects to have 
completed the respective coats of paint for the various areas and surfaces. This schedule 
shall be kept current as the job progresses. 

C. The Contractor shall protect his work at all times, and shall protect all adjacent work and 
materials by suitable covering or other method during progress of his work. Upon 
completion of the work, he shall remove all paint and varnish spots from floors, glass and 
other surfaces. He shall remove from the premises all rubbish and accumulated materials 
of whatever nature not caused by others and shall leave his part of the work in clean, 
orderly and acceptable condition. 

D. Remove and protect hardware, accessories, device plates, lighting fixtures, and factory 
finished work, and similar items, or provide ample in place protection. Upon completion 
of each space, carefully replace all removed items by workmen skilled in the trades 
involved. 

E. Remove electrical panel box covers and doors before painting walls. Paint separately 
and re-install after all paint is dry. 

F. All materials shall be applied under adequate illumination, evenly spread and flowed on 
smoothly to avoid runs, sags, holidays, brush marks, air bubbles and excessive roller 
stipple. 

G. Coverage and hide shall be complete. When color, stain, dirt or undercoats show through 
final coat of paint, the surface shall be covered by additional coats until the paint film is 
of uniform finish, color, appearance and coverage, at no additional cost to the Owner. 

H. All coats shall be dry to manufacturer’s recommendations before applying succeeding 
coats. 

I. All suction spots or “hot spots” in plaster after the application of the first coat shall be 
touched up before applying the second coat. 

J. Do not apply paint behind frameless mirrors that use mastic for adhering to wall surface. 

3.3 PREPARATION OF SURFACES 

A. Existing Surfaces: Clean existing surfaces requiring paint or finishing, remove all loose 
and flaking paint or finish and sand surface smooth as required to receive new paint or 
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finish. No “telegraphing” of lines, ridges, flakes, etc., through new surfacing is permitted. 
Where this occurs, Contractor shall be required to sand smooth and re-finish until surface 
meets with Architect’s approval. 

B. General 

1. The Contractor shall be held wholly responsible for the finished appearance and 
satisfactory completion of painting work. Properly prepare all surfaces to receive 
paint, which includes cleaning, sanding, and touching-up of all prime coats applied 
under other Sections of the work. Broom clean all spaces before painting is started. 
All surfaces to be painted or finished shall be perfectly dry, clean and smooth. 

2. Perform all preparation and cleaning procedures in strict accordance with the paint 
manufacturer’s instructions and as herein specified, for each particular substrate 
condition. 

3. Clean surfaces to be painted before applying paint or surface treatments. Remove 
oil and grease with clean cloths and cleaning solvents prior to mechanical cleaning. 
Program the cleaning and painting so that dust and other contaminants from the 
cleaning process will not fall in wet, newly painted surfaces. 

C. Metal Surfaces 

1. Weld Fluxes: Remove weld fluxes, splatters, and alkali contaminants from metal 
surfaces in an approved manner and leave surface ready to receive painting. 

2. Bare Metal: Thoroughly clean off all foreign matter such as grease, rust, scale and 
dirt before priming coat is applied. Clean surfaces, where solder flux has been used, 
with benzene. Clean surfaces by flushing with non-hydrocarbon based cleaner. For 
aluminum surfaces, wipe down with an oil free solvent prior to application of any pre-
treatment. 

a. Bare metal to receive high performance coating specified herein must be blast 
cleaned SSPC SP-6 prior to application if field applied primer; coordinate with 
steel trades furnishing ferrous metals to receive this coating to ensure that this 
cleaning method is followed. 

3. Shop Primed Metal: Clean off foreign matter as specified for "Bare Metal." Prime 
bare, rusted, abraded and marred surfaces with approved primer after proper 
cleaning of surfaces. Sandpaper all rough surfaces smooth. 

4. Galvanized Metal: Prepare surface as per the requirements of ASTM D 6386. 

5. Metal Filler: Fill dents, cracks, hollow places, open joints and other irregularities in 
metal work to be painted with an approved metal filler suitable for the purpose and 
meeting the requirements of the related Section of work; after setting, sand to a 
smooth, hard finish, flush with adjoining surface. 

D. Plaster Surfaces: Scrape off all plaster nibs or other projections and sand smooth or 
finish to match adjoining surface texture. Cut out all scratches, cracks, holes, depressions 
and similar voids and fill with non-shrinking grout, spackles, patching plaster or other 
approved patching material; allow to dry, refill if necessary, then sand smooth (or refinish) 
to provide a flush, smooth surface of the same texture as the adjacent plaster surface. 
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1. Allow at least 28 days, from installation of final plaster coat, before starting work. 

E. Gypsum Drywall Surfaces: Scrape off all projections and splatters, spackles all holes or 
depressions, including taped and spackled joints, sand smooth. Conform to standards 
established in Section 092900, "Gypsum Drywall." 

F. Wood Surfaces: Sand to remove all roughness, loose edges, slivers, or splinters and 
then brush to remove dust. Wash off grease or dirt with an approved cleaner. Fill all 
cracks, splits, nail holes, screw holes, and surface defects with putty after the priming 
coat has been applied. Putty shall be brought up flush with the surface and sanded 
smooth and touched-up with primer when dry. 

G. Block Masonry Surfaces: Thoroughly clean off all grit, grease, dirt mortar drippings or 
splatters, and other foreign matter. Remove nibs or projections from masonry surfaces. 
Fill cracks, holes or voids not filled under the "Masonry" Section, with Portland cement 
grout, and bag surface so that it has approximately the same texture as the adjacent 
masonry surface. 

H. Testing for Moisture Content: Contractor shall test all plaster, masonry, and drywall 
surfaces for moisture content using a reliable electronic moisture meter. Contractor shall 
also test latex type fillers for moisture content before application of top coats of paint. Do 
not apply any paint or sealer to any surface or to latex type filler where the moisture 
content exceeds seven (7) percent as measured by the electronic moisture meter. 

I. Touch-Up: Prime paint all patched portions in addition to all other specified coats. 

3.4 MATERIALS PREPARATION 

A. Mix and prepare painting materials in strict accordance with the manufacturer’s directions. 

B. Store materials not in actual use in tightly covered containers. Maintain containers used 
in storage, mixing, and application of paint in a clean condition, free of foreign materials 
and residue. 

C. Stir all materials before application to produce a mixture of uniform density, and as 
required during the application of the materials. Do not stir any film which may form on 
the surface into the material. Remove the film and, if necessary, strain the material before 
using. 

D. Tint each undercoat a lighter shade to facilitate identification of each coat where multiple 
coats of the same material are to be applied. Tint undercoats to match the color of the 
finish coat but provide sufficient difference in shade of undercoats to distinguish each 
separate coat. 

3.5 APPLICATION 

A. General 

1. Apply paint by brush or roller in accordance with the manufacturer’s directions. Use 
brushes best suited for the type of material being applied. Use rollers of carpet, 
velvet back, or high pile sheep's wool as recommended by the paint manufacturer 
for material and texture required. 

 
2. The number of coats and paint film thickness required is the same regardless of the 

application method. Do not apply succeeding coats until the previous coat has 
completely dried. Sand between each enamel or varnish coat application with fine 
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sandpaper, or rub surfaces with pumice stone, where required to produce an even, 
smooth surface in accordance with the coating manufacturer’s directions. 

3. Apply additional coats when undercoats, stains, or other conditions show through 
the final coat of paint, until the paint film is of uniform finish, color and appearance. 
Give special attention to ensure that all surfaces, including edges, corners, crevices, 
welds, and exposed fasteners receive a film thickness equivalent to that of flat 
surfaces. 

4. Paint surfaces behind movable equipment and furniture the same as similar exposed 
surfaces. Paint surfaces behind permanently fixed equipment or furniture with prime 
coat only. 

a. "Exposed surfaces" is defined as those areas visible when permanent or built-
in fixtures, convector covers, covers for finned tube radiation, grilles, etc., are 
in place in areas scheduled to be painted. 

5. Paint interior surfaces of ducts, where visible through registers or grilles, with a flat, 
non-specular black paint, before final installation of equipment. 

6. Paint the back sides of access panels, removable or hinged covers to match the 
exposed surfaces. 

7. Finish doors on tops, bottoms, and side edges the same as the faces, unless 
otherwise indicated. 

8. Enamel finish applied to wood or metal shall be sanded with fine sandpaper and 
then cleaned between coats to produce an even surface. 

9. Paste wood filler applied on open grained wood after beginning to flatten, shall be 
wiped across the grain of the wood, then with a circular motion, to secure a smooth, 
filled, clean surface with filler remaining in open grain only. After overnight dry, 
sand surface with the grain until smooth before applying specified coat. 

B. Scheduling Painting 

1. Apply the first coat material to surfaces that have been cleaned, pre-treated or 
otherwise prepared for painting as soon as practicable after preparation and before 
subsequent surface deterioration. 

2. Allow sufficient time between successive coatings to permit proper drying. Do not 
re-coat until paint has dried to where it feels firm, does not deform or feel sticky 
under moderate thumb pressure, and the application of another coat of paint does 
not cause lifting or loss of adhesion of the undercoat. 

C. Prime Coats: Re-coat primed and sealed walls and ceilings where there is evidence of 
suction spots or unsealed areas in first coat, to assure a finish coat with no burn- through 
or other defects due to insufficient sealing. 

D. Pigmented (Opaque) Finishes: Completely cover to provide an opaque, smooth surface 
of uniform finish, color, appearance and coverage. 

 

 
E. “Touching-Up” of Factory Finishes: Unless otherwise specified or shown, materials with 

a factory finish shall not be painted at the project site. To “touch-up,” the Contractor shall 
use the factory finished material manufacturer’s recommended paint materials to repair 
abraded, chipped, or otherwise defective surfaces. 
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3.6 APPLICATION OF ELECTROSTATIC PAINT 

A. Preparation: Sand, or chemically clean as appropriate, all abraded surfaces, corroded 
areas and other imperfections in surfaces to be coated. Fill or feather edges of sanded 
areas to produce for a smooth transition to bare metal. 

B. Apply prime and finish materials in accordance with manufacturer’s directions. Apply 
each material at not less that the manufacturer’s recommended spreading rate. Use 
special equipment, applicators, and techniques recommended by manufacturer as best 
suited for the particular applications. 

C. Apply additional coats beyond scheduled requirements when undercoating, stains or 
other conditions show through final paint coat until the special coating is of uniform finish, 
color and appearance. 

3.7 PROTECTION 

A. Protect work of other trades, whether to be painted or not, against damage by the painting 
and finishing work. Leave all such work undamaged. Correct any damages by cleaning, 
repairing or replacing, and repainting, as acceptable to the Architect. 

B. Provide "Wet Paint" signs as required to protect newly painted finishes. Remove 
temporary protective wrappings provided by others for protection of their work after 
completion of painting operations. 

3.8 CLEAN UP 

A. During the progress of the work, remove from the site all discarded paint materials, 
rubbish, cans and rags at the end of each work day. 

B. Upon completion of painting work, clean window glass and other paint spattered surfaces. 
Remove spattered paint by proper methods of washing and scraping, using care not to 
scratch or otherwise damage finished surfaces. 

C. At the completion of work of other trades, touch-up and restore all damaged or defaced 
painted surfaces. 

 
END OF SECTION 

 
 

 

 



 Boiler Project at Bozorth Hall and Hawthorn Hall  

Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 

 

 

 FIRE EXTINGUISHERS  104416 – 1 of 3 

Permitting and Bidding   March 6, 2026 

 

SECTION 104416 

FIRE EXTINGUISHERS 

PART 1 - GENERAL 

1.1 GENERAL REQUIREMENTS 

A. Work of this Section, as shown or specified, shall be in accordance with the requirements of the 

Contract Documents. 

1.2 SECTION INCLUDES 

A. The Work of this Section includes all labor, materials, equipment, and services necessary to 

complete the fire extinguishers and cabinets as shown on the drawings and/or specified herein. 

1.3 RELATED SECTIONS 

A. Gypsum Drywall - Section 092900. 

1.4 QUALITY ASSURANCE 

A. Provide portable fire extinguishers and accessories by one manufacturer. 

B. UL-Listed Products: Provide new portable fire extinguishers which are UL-listed and bear UL 

"Listing Mark" for type, rating, and classification of extinguisher indicated. 

1.5 SUBMITTALS 

A. Product Data: Submit manufacturer's technical data and installation instructions for all portable 

fire extinguishers required. For fire extinguisher cabinets include roughing-in dimensions, and 

details showing mounting methods, relationships to surrounding construction, door hardware, 

cabinet type and materials, trim style and door construction, style and materials. Where color 

selections by Architect are required, include color charts showing full range of manufacturer's 

standard colors and designs available. 

B. Samples: Submit samples, 6" square, of each required finish. Prepare samples on metal of same 

gauge as metal to be used in the work. Where normal color variations are to be expected, 

include 2 or more units in each sample showing the limits of such variations. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Subject to compliance with requirements, provide products of one of the following: 

1. JL Industries. 

2. Larsen's Mfg. Co. 
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3. Potter Roemer. 

4. Or approved equal. 

2.2 EXTINGUISHERS 

A. General: Provide fire extinguishers for each location indicated, in colors and finishes selected 

by Architect from manufacturer's standard which comply with requirements of governing 

authorities. 

B. Abbreviations indicated below to identify extinguisher type related to UL classification and 

rating system and not necessarily to type and amount of extinguishing material contained in 

extinguisher. 

C. Multi-Purpose Dry Chemical Type: UL rated 2-A:10-B:C, 5 lb. nominal capacity, in enameled 

steel container, for Class A, Class B and Class C fires. 

2.3 MOUNTING BRACKETS 

A. Provide manufacturer's standard bracket designed to prevent accidental dislodgment of 

extinguisher, of proper size for type and capacity of extinguisher specified, in manufacturer's 

standard enamel finish; color to match extinguisher. 

2.4 CABINETS 

A. Type and Style: Fire extinguisher cabinets shall be metal, recessed, with plexiglass panel, sized 

to fit within the partition or wall depth. Provide fire-rated cabinets within fire-rated partitions. 

B. Color: Fire extinguisher cabinets shall be factory pre-finished with baked enamel in the colors 

selected by the Architect from the standard range of colors of the selected manufacturer. 

C. Design is based on "Model G-2409-R1" of Larsen's Mfg. Co. or approved equal. Other 

manufacturers noted herein may substitute their equivalent cabinet upon acceptance by the 

Architect. 

2.5 IDENTIFICATION 

A. Identify bracket-mounted extinguishers with red letter decals spelling 'FIRE EXTINGUISHER' 

applied to wall surface. Letter size, style and location as selected by the Architect. 

PART 3 - EXECUTION 

3.1 INSPECTION 

A. Examine the areas and conditions where fire extinguishers and cabinets are to be installed and 

correct any conditions detrimental to the proper and timely completion of the work. Do not 

proceed with the work until unsatisfactory conditions are corrected to permit proper installation 

of the work. 



 Boiler Project at Bozorth Hall and Hawthorn Hall  

Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 

 

 

 FIRE EXTINGUISHERS  104416 – 3 of 3 

Permitting and Bidding   March 6, 2026 

 

3.2 INSTALLATION 

A. Install items included in this Section in locations indicated and at heights to comply with 

applicable regulations of governing authorities. 

1. Securely fasten mounting brackets and fire extinguisher cabinets to structure, square and 

plumb, to comply with manufacturer's instructions. 

B. Where exact location of cabinets and bracket-mounted fire extinguishers is not indicated, locate 

as directed by the Architect. 

3.3 SERVICE 

A. Determine the approximate completion date of the work and then inspect, charge, and tag the 

fire extinguishers at a date not more than 10 days before or not less than one day before actual 

completion date of the work. 

 

 

 

END OF SECTION 104416 
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SECTION 260000 – ELECTRICAL SUMMARY OF WORK 
 
 
PART 1 - GENERAL 
 
 
1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions 
and other Divisions Specification Sections, apply to this Section. 

 
B. The requirements of all other sections of Division 26, 27 and 28 apply to this section. 

 
1.2  WARRANTY FOR PROJECT 
 

A.  The Contractor shall provide the Owner with a 2-year warranty on all materials, labor and 
systems from the date of Substantial Completion for each Phase.  The date of Substantial 
completion will be as set in a letter issued by the Engineer. 

 
1.3  DEFINITIONS 
 

A.  For a complete list of definitions for this contract refer to the Division 1 specifications. 
 
B.  Provide:  Means to provide, install and make the equipment/system completely functional and 

operational with testing, commissioning and training. 
 

C.  Install:  Means to provide, install and make the equipment/system completely functional and 
operational with testing, commissioning and training. 

 
 
1.4 SCOPE OF WORK 
 

A. Work Included:  It is the intent of these specifications and the accompanying drawings that the 
Contractor shall, unless otherwise specified herein, furnish all labor, materials, tools, and 
equipment necessary, together with the necessary accessories to constitute a satisfactory and 
complete installation, to complete the installation of the electrical work, as indicated on the 
drawings and described hereinafter.  The Contractor shall properly install, equip, adjust and put 
in perfect condition, the respective portions of the work specified, and to so interconnect the 
various items or sections of the work to form a complete and properly operating whole.  The 
work shall consist of, but shall not necessarily be limited to the following: 

 
1. General: 

a. For detailed scope of work for each electrical system, refer to the respective 
Division 26, 27 & 28 specification sections. 

b. All necessary rigging. 
c. Removal of trash and general clean-up. 
d. All necessary permits, approvals, fees, etc. 
e. Instructions to the Owner. 
f. Cutting, patching and clean-up. 

 
2.  Scope of Work: 

a. Demolish power wiring, conduits and disconnects for mechanical and plumbing 
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equipment being demolished.   
b. Provide and install new power wiring, disconnects and emergency shut-down 

switches for the boilers and water heaters.   
c. Provide and install new heat detectors and multi-criteria (smoke, carbon monoxide, 

and heat) detectors and integrate with the existing fire alarm system. New CO 
detection shall alarm the building, not just cause a supervisory condition.   

d. Provide and install new wiring devices and backboxes. 
e. Provide and install wiring for all mechanical and plumbing equipment on the 

project.  Provide and install NEC required disconnecting means for all required 
equipment and locations. 

f. Replace combination exit signs/battery powered emergency lighting fixtures as 
indicated on drawings. Provide and install new combination exit signs/battery 
powered emergency lighting fixtures as indicated on drawings. 
 
Bozorth Hall: 
 

g. Provide and install new conduits and branch circuits to existing electrical panels. 
h. Relocate lighting fixtures, as required, to accommodate the mechanical and 

plumbing construction. 
i. Patch/infill existing concrete walls as required to restore rating of room.  

 
Hawthorn Hall: 
 

j. Provide and install new panelboard.  
k. Provide and install new conduits and branch circuits to new electrical panel. 
l. Provide new LED lighting fixtures as indicated on the drawings.   

 
 

B.       It will be the responsibility of the Contractor to examine all Drawings (Architectural, Structural, 
Mechanical, Plumbing and Electrical) to determine the full extent of the work. All field 
measurements and verifications of conditions and materials will be the obligation of the 
Contractor. The submission of a Proposal by the Contractor will be considered an indication that 
all work has been included in the Proposal. It will also be considered an indication that a 
thorough review of conditions, materials, and all related specifications have been investigated 
by the Contractor, and the results of such investigations have been included in the Contractor's 
Proposal. 

 
C. Coordination Between Mechanical (MC), Electrical (EC) and Plumbing (PC) Contractors: 

 
1. The Electrical Contractor shall: 

 
a. Receive and set the motor starters as provide by the Mechanical and Plumbing 

Contractors. 
b. Provide power wiring, including final connection of same, from source to starters or 

contactors to motors. 
c. Receive and install the wall-mounted electrical control devices, thermal switches, 

etc., and provide all wiring for same. 
d. Provide all fused or unfused disconnect switches and circuit breakers not supplied 

as part of the HVAC system and as required by the National Electrical Code, or as 
shown on the drawings, or as specified. 

e. Adjust connections to electrical motors to insure proper rotation. 
 

2. The Mechanical Contractor will: 
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a. Furnish and set all motors for mechanical equipment. 
b. Furnish all motor starters, starter/disconnects, HVAC unit mounted disconnects, 

contactors, pushbuttons and switches for local and remote control of all HVAC 
equipment and turn over to the Electrical Contractor for installation. 

c. Provide pre-wired control panels, including relays, switches, pilot lights, etc., all as 
shown and/or specified, complete with wiring to numbered terminal strips. 

d. Furnish and install duct and pipe-mounted control devices, such as freezestats, 
aquastats, flow switches, etc. 

e. Furnish wiring diagrams for the systems, in sufficient time to allow roughing-in of 
conduit in accordance with the proposed work schedule. 

f. Provide all control wiring including 120V controls, 120V power and 120/24V control 
power transformers as required for a complete and fully functional HVAC DDC 
control system.  The MC is required to provide 120V power to their HVAC DDC 
control panels and system.   

 
3. The Plumbing Contractor will: 

 
a. Furnish and set all motors for plumbing equipment. 
b. Coordinate locations of all equipment with both the Mechanical and Electrical 

Contractors. 
c. Provide the Electrical Contractor with information and instructions for connection of 

electrical service to water coolers, domestic hot water heater, etc. 
 

4. The Electrical Contractor shall examine the drawings and read the specifications for the 
mechanical trades, and shall note all motor-driven equipment, starters and control 
apparatus noted, shown or specified herein. 

 
1.5 WARRANTY 
 

A.  Contractors shall note that all equipment warranties, as described in the various sections of the 
Specifications, will begin after Substantial Completion. It will not make any difference when 
equipment is ordered, delivered or installed, warranties will commence after the Architect issues 
his letter of “Substantial Completion.” 

 
B.  All equipment is to include factory start-up unless the Contractor receives written permission, 

from the Owner, for Contractor start-up. Copies of the start-up report must be included with the 
Request for Final Payment, otherwise final payment will be withheld until the factory reports are 
submitted. 

 
C.  All equipment furnished for this Project shall include a 2 year warranty on parts and labor.   

 
PART 2 - PRODUCTS (Not applicable). 
 
PART 3 - EXECUTION (Not applicable). 
 
 

END OF SECTION 260000 
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SECTION 260500 – COMMON WORK RESULTS FOR ELECTRICAL 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Electrical equipment coordination and installation. 
2. Sleeves for raceways and cables. 
3. Sleeve seals. 
4. Grout. 
5. Common electrical installation requirements. 

1.3 DEFINITIONS 

A. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

1.4 SUBMITTALS 

A. Product Data:  For sleeve seals. 

1.5 COORDINATION 

A. Coordinate arrangement, mounting, and support of electrical equipment: 

1. To allow maximum possible headroom unless specific mounting heights that reduce 
headroom are indicated. 

2. To provide for ease of disconnecting the equipment with minimum interference to other 
installations. 

3. To allow right of way for piping and conduit installed at required slope. 
4. So connecting raceways, cables, wireways, cable trays, and busways will be clear of 

obstructions and of the working and access space of other equipment. 

B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, 
masonry walls, and other structural components as they are constructed. 

C. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 07 Section "Penetration Firestopping." 
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PART 2 - PRODUCTS 

2.1 SLEEVES FOR RACEWAYS AND CABLES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 
ends. 

B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, 
with plain ends and integral waterstop, unless otherwise indicated. 

C. Sleeves for Rectangular Openings:  Galvanized sheet steel. 

1. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and 
no side more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm). 

b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches 
(1270 mm) and 1 or more sides equal to, or more than, 16 inches (400 mm), 
thickness shall be 0.138 inch (3.5 mm). 

2.2 SLEEVE SEALS 

A. Description:  Modular sealing device, designed for field assembly, to fill annular space between 
sleeve and raceway or cable. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Link Seal.   
d. Metraflex Co. 
e. Pipeline Seal and Insulator, Inc. 

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of cable or conduit.  
Include type and number required for material and size of raceway or cable. 

3. Pressure Plates:  Stainless steel.  Include two for each sealing element. 
4. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates 

to sealing elements.  Include one for each sealing element. 

2.3 GROUT 

A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic 
aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for 
application and a 30-minute working time. 
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PART 3 - EXECUTION 

3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION 

A. Comply with NECA 1. 

B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit 
for wall-mounting items. 

C. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, arrange 
and install components and equipment to provide maximum possible headroom consistent with 
these requirements. 

D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components 
of both electrical equipment and other nearby installations.  Connect in such a way as to 
facilitate future disconnecting with minimum interference with other items in the vicinity. 

E. Right of Way:  Give to piping systems installed at a required slope. 

3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways 
penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies. 

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed 
openings are used.  Install sleeves during erection of slabs and walls. 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies 
unless openings compatible with firestop system used are fabricated during construction of floor 
or wall. 

E. Cut sleeves to length for mounting flush with both surfaces of walls. 

F. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and 
raceway or cable, unless indicated otherwise. 

H. Seal space outside of sleeves with grout for penetrations of concrete and masonry 

1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed 
surfaces smooth; protect grout while curing. 

I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve 
and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.  
Comply with requirements in Division 07 Section "Joint Sealants." 

J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at raceway and cable penetrations.  Install sleeves and seal raceway and cable 
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penetration sleeves with firestop materials.  Comply with requirements in Division 07 Section 
"Penetration Firestopping." 

K. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible 
boot-type flashing units applied in coordination with roofing work. 

L. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using cast-iron pipe sleeves and 
mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space 
between pipe and sleeve for installing mechanical sleeve seals. 

M. Underground, Exterior-Wall Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow 
for 1-inch (25-mm) annular clear space between raceway or cable and sleeve for installing 
mechanical sleeve seals.  Link-Seal modular, elastomer sealing system shall be used for 
existing walls in underground situations with no sleeve.     

3.3 SLEEVE-SEAL INSTALLATION 

A. Install to seal exterior wall penetrations. 

B. Use type and number of sealing elements recommended by manufacturer for raceway or cable 
material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve 
seals and install in annular space between raceway or cable and sleeve.  Tighten bolts against 
pressure plates that cause sealing elements to expand and make watertight seal. 

3.4 FIRESTOPPING 

A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical 
installations to restore original fire-resistance rating of assembly.  Firestopping materials and 
installation requirements are specified in Division 07 Section "Penetration Firestopping."  Refer 
to the Architectural drawings for locations of all fire-rated floor and wall assemblies. 

END OF SECTION 260500 
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SECTION 260519 – LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 

1. Building wires and cables rated 600 V and less. 
2. Connectors, splices, and terminations rated 600 V and less. 
3. Sleeves and sleeve seals for cables. 

B. Refer to Section 3.2 for allowable conduit and MC cable locations. 

1.3 DEFINITIONS 

A. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

1.4 SUBMITTALS 

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

B. Qualification Data:  For testing agency. 

C. Field quality-control test reports. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the experience and capability to 
conduct the testing indicated, that is a member company of the InterNational Electrical Testing 
Association or is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 
29 CFR 1910.7, and that is acceptable to authorities having jurisdiction. 

1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational 
Electrical Testing Association or the National Institute for Certification in Engineering 
Technologies to supervise on-site testing specified in Part 3. 

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

C. Comply with NFPA 70. 
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1.6 COORDINATION 

A. Set sleeves in cast-in-place concrete, masonry walls, and other structural components as they 
are constructed. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS AND CABLES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
1. American Insulated Wire Corp.; a Leviton Company. 
2. General Cable Corporation. 
3. Senator Wire & Cable Company. 
4. Southwire Company. 

B. Copper Conductors:  Comply with NEMA WC 70.  All conductors on the project shall be copper, 
unless specifically noted as aluminum on the drawings.   

C. Aluminum Conductors (only where specifically noted and allowed as shown on the drawings): 
Aluminum, complying with ASTM B 800 and ASTM B 801. 

D. Conductor Insulation:  Comply with NEMA WC 70 for Types THHN-THWN.  Conductor sizes 
#12 and #10 shall be solid and #8 and larger shall be stranded. 

E. Type MC Cable:  Aluminum armor with copper conductors.  Multiconductor Cable:  Comply with 
NEMA WC 70 for metal-clad cable, Type MC with ground wire. 

2.2 CONNECTORS AND SPLICES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. AFC Cable Systems, Inc. 
2. Hubbell Power Systems, Inc. 
3. O-Z/Gedney; EGS Electrical Group LLC. 
4. 3M; Electrical Products Division. 
5. Tyco Electronics Corp. 

B. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, 
and class for application and service indicated. 

2.3 SLEEVES FOR CABLES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 
ends. 

B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, 
with plain ends and integral waterstop, unless otherwise indicated. 
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C. Sleeves for Rectangular Openings:  Galvanized sheet steel with minimum 0.052- or 0.138-inch 
(1.3- or 3.5-mm) thickness as indicated and of length to suit application. 

D. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 07 Section "Penetration Firestopping." 

2.4 SLEEVE SEALS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Advance Products & Systems, Inc. 
2. Calpico, Inc. 
3. Metraflex Co. 
4. Pipeline Seal and Insulator, Inc. 

B. Description:  Modular sealing device, designed for field assembly, to fill annular space between 
sleeve and cable. 

1. Sealing Elements:  EPDM interlocking links shaped to fit surface of cable or conduit.  
Include type and number required for material and size of raceway or cable. 

2. Pressure Plates:  Stainless steel.  Include two for each sealing element. 
3. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates 

to sealing elements.  Include one for each sealing element. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders:  Stranded for No. 8 AWG and larger. 

B. Branch Circuits:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and 
larger. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING 
METHODS 

A. Exposed Feeders:  Type THHN-THWN, single conductors in raceway. 

B. Underground Feeders:  Type XHHW, single conductors in Type PVC schedule 40 UL listed 
conduit.  Refer to drawings for ductbanks requiring encasement in 3” of concrete. 

C. Feeders Concealed in Ceilings, Walls, Partitions:  Type THHN-THWN, single conductors in 
raceway. 

D. Use the following wiring methods as indicated for all branch circuits: 
1. Outdoor, underground:  Type PVC schedule 40 UL listed conduit.  Refer to drawings for 

ductbanks requiring encasement in 3” of concrete. 
2. Indoor, Type THHN-THWN, single conductors in raceway: 

a. Mechanical rooms. 
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b. Electrical rooms. 
c. Sprinkler rooms. 
d. Elevator machine rooms. 
e. Above hard / drywall ceilings. 
f. Corridors. 
g. Rooms with exposed ceiling structure.  
h. In concrete block walls. 
 

3. In areas listed above in D2, MC cable jumpers to equipment is acceptable.  Maximum 
MC cable jumper lengths to equipment shall be 6’.  Type MC aluminum-clad multi-
conductor copper cabling with ground. 

4. Indoor, concealed in drywall walls and accessible ceilings and not in areas listed above in 
D.2:  Type MC aluminum-clad multi-conductor copper cabling with ground.   

E. Dimming Lighting Branch Circuits:  Where branch circuit wiring is routed to 0-10V dimming light 
fixtures and switches, UL listed metalclad type MC-PCS (Luminary) cable.  Where required to 
be in raceway as per D.2 above, in addition to the phase, neutral and ground wires, provide 
additional 2#16 AWG solid TFN Twisted jacketed pair (purple/gray) rated at 600V for 0-10V 
controls.   

F. Class 1 Control Circuits:  Type MC Cable. 

G. Class 2 Control Circuits:  Type MC Cable. 

H. Fire Alarm:  Type MC FPLP cabling where concealed in walls, cable tray, accessible ceilings, 
exposed ceilings and partitions and Type THHN-THWN, in raceway where exposed as outlined 
in D.2 above. 

I. INSTALLATION OF CONDUCTORS AND CABLES 

J. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated. 

K. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 
must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended 
maximum pulling tensions and sidewall pressure values. 

L. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 
not damage cables or raceway. 

M. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, 
and follow surface contours where possible. 

N. Support cables according to Division 26 Section "Hangers and Supports for Electrical Systems." 

O. Identify and color-code conductors and cables according to Division 26 Section "Identification 
for Electrical Systems." 

P. Common neutrals shall not be used.  Provide individual, dedicated neutral for each circuit. 

Q. Common grounds are acceptable, in accordance with the NEC. 
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3.3 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values.  If manufacturer's torque values are not indicated, use those specified in 
UL 486A and UL 486B. 

B. Make splices and taps that are compatible with conductor material and that possess equivalent 
or better mechanical strength and insulation ratings than unspliced conductors. 

1. Use oxide inhibitor in each splice and tap conductor for aluminum conductors. 

C. Wiring at Outlets:  Install conductor at each outlet, with at least 12 inches (300 mm) of slack. 

3.4 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 07 Section "Penetration Firestopping." 

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed 
openings are used.  Install sleeves during erection of slabs and walls. 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. Rectangular Sleeve Minimum Metal Thickness: 

1. For sleeve rectangle perimeter less than 50 inches (1270 mm) and no side greater than 
16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm). 

2. For sleeve rectangle perimeter equal to, or greater than, 50 inches (1270 mm) and 1 or 
more sides equal to, or greater than, 16 inches (400 mm), thickness shall be 0.138 inch 
(3.5 mm). 

E. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies 
unless openings compatible with firestop system used are fabricated during construction of floor 
or wall. 

F. Cut sleeves to length for mounting flush with both wall surfaces. 

G. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

H. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and cable 
unless sleeve seal is to be installed. 

I. Seal space outside of sleeves with grout for penetrations of concrete and masonry. 

J. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve 
and cable, using joint sealant appropriate for size, depth, and location of joint according to 
Division 07 Section "Joint Sealants." 

K. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at cable penetrations.  Install sleeves and seal with firestop materials according to 
Division 07 Section "Penetration Firestopping." 
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L. Roof-Penetration Sleeves:  Seal penetration of individual cables with flexible boot-type flashing 
units applied in coordination with roofing work. 

M. Aboveground Exterior-Wall Penetrations:  Seal penetrations using sleeves and mechanical 
sleeve seals.  Size sleeves to allow for 1-inch (25-mm) annular clear space between pipe and 
sleeve for installing mechanical sleeve seals. 

N. Underground Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size sleeves 
to allow for 1-inch (25-mm) annular clear space between cable and sleeve for installing 
mechanical sleeve seals.   

3.5 SLEEVE-SEAL INSTALLATION 

A. Install to seal underground exterior-wall penetrations. 

B. Use type and number of sealing elements recommended by manufacturer for cable material 
and size.  Position cable in center of sleeve.  Assemble mechanical sleeve seals and install in 
annular space between cable and sleeve.  Tighten bolts against pressure plates that cause 
sealing elements to expand and make watertight seal. 

3.6 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly according to Division 07 Section "Penetration 
Firestopping." 

3.7 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections and 
prepare test reports. 

B. Perform tests and inspections and prepare test reports. 

C. Tests and Inspections: 

1. After installing conductors and cables and before electrical circuitry has been energized, 
test feeder conductors for compliance with requirements. 

a. Megger testing for 600V feeder conductors. 

2. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification.  Certify compliance with test parameters. 

D. Test Reports:  Prepare a written report to record the following: 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Test results that do not comply with requirements and corrective action taken to achieve 

compliance with requirements. 

E. Remove and replace malfunctioning cabling and retest as specified above. 
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END OF SECTION 260519 
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SECTION 260526 – GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes methods and materials for grounding systems and equipment, plus the 
following special applications: 
1. Underground distribution grounding. 
2. Building grounding. 
3. IT grounding. 

1.3 SUBMITTALS 

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

B. Other Informational Submittals:  Plans showing dimensioned as-built locations of grounding 
features specified in Part 3 "Field Quality Control" Article, including the following: 
1. Ground rods. 
2. Ground rings. 
3. Grounding arrangements and connections for separately derived systems. 
4. Grounding for sensitive electronic equipment. 

C. Qualification Data:  For testing agency and testing agency's field supervisor. 

D. Field quality-control test reports. 

E. Operation and Maintenance Data:  For grounding to include the following in emergency, 
operation, and maintenance manuals: 

1. Instructions for periodic testing and inspection of grounding features at grounding 
connections for separately derived systems and telecommunication systems based on 
NETA MTS. 

a. Tests shall be to determine if ground resistance or impedance values remain within 
specified maximums, and instructions shall recommend corrective action if they do 
not. 

b. Include recommended testing intervals. 

1.4 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the experience and capability to 
conduct the testing indicated, that is a member company of the InterNational Electrical Testing 
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Association or is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 
29 CFR 1910.7, and that is acceptable to authorities having jurisdiction. 

1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational 
Electrical Testing Association to supervise on-site testing specified in Part 3. 

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

C. Comply with UL 467 for grounding and bonding materials and equipment. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS 

A. Insulated Conductors:  Copper wire or cable insulated for 600 V unless otherwise required by 
applicable Code or authorities having jurisdiction. 

B. Bare Copper Conductors: 
1. Stranded Conductors:  ASTM B 8. 
2. Bonding Conductor:  Minimum No. 4 AWG, stranded conductor or as noted on the 

drawings. 
3. Bonding Jumper:  Copper tape, braided conductors, terminated with copper ferrules; 1-

5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick. 

2.2 CONNECTORS 

A. Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having 
jurisdiction for applications in which used, and for specific types, sizes, and combinations of 
conductors and other items connected. 

B. Bolted Connectors for Exposed Cables and Pipes:  Copper or copper alloy, bolted pressure-
type, with at least two bolts. 

1. Pipe Connectors:  Clamp type, sized for pipe. 

C. Compression Connectors for all Concealed and Underground Cables:  Compression kits of 
types recommended by kit manufacturer for materials being joined and installation conditions.  
Must comply with IEEE std 837-2002, UL 467 Listed and CSA 22.2 Certified or approved equal 
by the Engineer. 

2.3 GROUNDING ELECTRODES 

A. Ground Rods:  Copper-clad steel; 3/4 inch by 10 feet (19 mm by 3 m in diameter). 
1. Backfill Material:  Electrode manufacturer's recommended material. 
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PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors:  Install stranded conductors for No. 8 AWG and larger, unless otherwise indicated. 

B. Underground Grounding Conductors:  Install bare copper conductor, No. 4/0 AWG minimum. 

1. Bury at least 24 inches (600 mm) below grade. 
2. Duct-Bank Grounding Conductor:  Bury 12 inches (300 mm) above duct bank when 

indicated as part of duct-bank installation.   

C. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors. 
2. Underground Connections:  Compression connectors. 
3. Connections to Ground Rods at Test Wells: Compression connectors. 
4. Connections to Structural Steel and Poles:  Compression connectors. 
5. Connections to Structural Rebar:  Compression connectors. 

3.2 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

B. Install insulated equipment grounding conductors with the following items, in addition to those 
required by NFPA 70: 

1. Feeders and branch circuits. 
2. Lighting circuits. 
3. Receptacle circuits. 
4. Single-phase motor and appliance branch circuits. 
5. Three-phase motor and appliance branch circuits. 
6. Flexible raceway runs. 
7. Armored and metal-clad cable runs. 
8. Cable tray systems. 
9. All IT communications racks. 

3.3 INSTALLATION 

A. Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise 
indicated or required by Code.  Avoid obstructing access or placing conductors where they may 
be subjected to strain, impact, or damage. 

B. Ground Rods:  Drive rods until tops are 12 inches (50 mm) below finished floor or final grade, 
unless otherwise indicated. 

1. Interconnect ground rods with grounding electrode conductor below grade and as 
otherwise indicated.  Make connections without exposing steel or damaging coating, if 
any. 
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C. Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance, 
except where routed through short lengths of conduit. 

1. Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate 
any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install so 
vibration is not transmitted to rigidly mounted equipment. 

3. Use exothermic-welded connectors for outdoor locations. 

3.4 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing and inspecting agency to perform the following field 
tests and inspections and prepare test reports: 

B. Perform the following tests and inspections and prepare test reports: 

1. After installing grounding system but before permanent electrical circuits have been 
energized, test for compliance with requirements. 

2. Test completed grounding system at each location where a maximum ground-resistance 
level is specified, at service disconnect enclosure grounding terminal at individual ground 
rods.  Make tests at ground rods before any conductors are connected. 

a. Measure ground resistance not less than two full days after last trace of 
precipitation and without soil being moistened by any means other than natural 
drainage or seepage and without chemical treatment or other artificial means of 
reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 

3. Prepare dimensioned drawings locating each test well, ground rod and ground rod 
assembly, and other grounding electrodes.  Identify each by letter in alphabetical order, 
and key to the record of tests and observations.  Include the number of rods driven and 
their depth at each location, and include observations of weather and other phenomena 
that may affect test results.  Describe measures taken to improve test results. 

4. Panel testing:  Perform ground resistance testing between all existing and new panel 
boards and the main switchboard in the main electrical rooms.  Provide test report 
indicating the resistance for each panel to the main. 

C. Report measured ground resistances that exceed the following values: 

1. Power and Lighting Equipment or System with Capacity 500 kVA and Less:  10 ohms. 

2. Power and Lighting Equipment or System with Capacity 500 kVA and More:  5 ohms. 
3. Structural Steel / Lightning Protection Grounds:  10 ohms. 

D. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify 
Engineer promptly and include recommendations to reduce ground resistance. 

END OF SECTION 260526 
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SECTION 260529 – HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 

1. Hangers and supports for electrical equipment and systems. 
2. Construction requirements for concrete bases. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. IMC:  Intermediate metal conduit. 

C. RMC:  Rigid metal conduit (galvanized). 

1.4 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design supports for multiple raceways, including comprehensive 
engineering analysis by a qualified professional engineer, using performance requirements and 
design criteria indicated. 

B. Design supports for multiple raceways capable of supporting combined weight of supported 
systems and its contents. 

C. Design equipment supports capable of supporting combined operating weight of supported 
equipment and connected systems and components. 

D. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads 
calculated or imposed for this Project, with a minimum structural safety factor of five times the 
applied force. 

1.5 SUBMITTALS 

A. Product Data:  For the following: 

1. Steel slotted support systems. 
2. Nonmetallic slotted support systems. 
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B. Shop Drawings: Show fabrication and installation details and include calculations for the 
following: 

1. Trapeze hangers.  Include Product Data for components. 
2. Steel slotted channel systems.  Include Product Data for components. 
3. Nonmetallic slotted channel systems.  Include Product Data for components. 
4. Equipment supports. 

C. Welding certificates. 

1.6 QUALITY ASSURANCE 

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

B. Comply with NFPA 70. 

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 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field 
assembly. 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Allied Tube & Conduit. 
b. Cooper B-Line, Inc.; a division of Cooper Industries. 
c. ERICO International Corporation. 
d. GS Metals Corp. 
e. Thomas & Betts Corporation. 
f. Unistrut; Tyco International, Ltd. 
g. Wesanco, Inc. 

2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4. 
3. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or polyester coating 

applied according to MFMA-4. 
4. Channel Dimensions:  Selected for applicable load criteria. 

B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101. 

C. Conduit and Cable Support Devices:  Galvanized Steel hangers, clamps, and associated 
fittings, designed for types and sizes of raceway or cable to be supported. 
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D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of threaded 
body and insulating wedging plug or plugs for non-armored electrical conductors or cables in 
riser conduits.  Plugs shall have number, size, and shape of conductor gripping pieces as 
required to suit individual conductors or cables supported.  Body shall be malleable iron. 

E. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, steel plates, 
shapes, and bars; galvanized. 

F. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or their 
supports to building surfaces include the following: 

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

of the following: 

1) Hilti Inc. 
2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 
3) MKT Fastening, LLC. 
4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit. 

2. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless steel, for use in hardened 
portland cement concrete with tension, shear, and pullout capacities appropriate for 
supported loads and building materials in which used. 
a. Manufacturers:  Subject to compliance with requirements, provide products by one 

of the following: 

1) Cooper B-Line, Inc.; a division of Cooper Industries. 
2) Empire Tool and Manufacturing Co., Inc. 
3) Hilti Inc. 
4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 
5) MKT Fastening, LLC. 

3. Concrete Inserts:  Stainless Steel or malleable-iron, slotted support system units similar 
to MSS Type 18; complying with MFMA-4 or MSS SP-58. 

4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for 
attached structural element. 

5. Through Bolts:  Structural type, hex head, and high strength.  Comply with ASTM A 325. 
6. Hanger Rods:  Threaded steel. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical 
equipment and systems except if requirements in this Section are stricter. 

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway (including trapeze type 
systems):  Space supports for EMT, IMC, and RMC as scheduled in NECA 1, where its Table 1 
lists maximum spacings less than stated in NFPA 70.  Minimum rod size shall be 1/4 inch (6 
mm) in diameter.  Exception: 
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1. Where attached to wood framing systems in the building, the support spacing shall be 
double the requirements scheduled in NECA 1, where its Table 1 lists maximum spacings 
less than stated in NFPA 70. 

2. The intent of this exception is to distribute the loading of the raceways on the wood 
framing system. 

C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with galvanized steel 
slotted support system, sized so capacity can be increased by at least 25 percent in future 
without exceeding specified design load limits. 

1. Secure raceways and cables to these supports with two-bolt conduit clamps. 

D. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2-inch (38-mm) and smaller raceways serving branch circuits and communication systems 
above suspended ceilings and for fastening raceways to trapeze supports. 

3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this 
Article. 

B. Raceway Support Methods:  In addition to methods described in NECA 1, EMT, IMC, and RMC 
may be supported by openings through structure members, as permitted in NFPA 70. 

C. Strength of Support Assemblies:  Where not indicated, select sizes of components so strength 
will be adequate to carry present and future static loads within specified loading limits.  
Minimum static design load used for strength determination shall be weight of supported 
components plus 200 lb (90 kg). 

D. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten 
electrical items and their supports to building structural elements by the following methods 
unless otherwise indicated by code: 

1. To Wood:  Fasten with lag screws or through bolts. 
2. To New Concrete:  Bolt to concrete inserts. 
3. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor 

fasteners on solid masonry units. 
4. To Existing Concrete:  Expansion anchor fasteners. 
5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock 

washers and nuts may be used in existing standard-weight concrete 4 inches (100 mm) 
thick or greater.  Do not use for anchorage to lightweight-aggregate concrete or for slabs 
less than 4 inches (100 mm) thick. 

6. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69. 
7. To Light Steel:  Sheet metal screws. 
8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, 
transformers, and other devices on slotted-channel racks attached to substrate by means 
that meet seismic-restraint strength and anchorage requirements. 

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing 
bars. 
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3.3 PAINTING 

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas 
immediately after erecting hangers and supports.  Use same materials as used for shop 
painting.  Comply with SSPC-PA 1 requirements for touching up field-painted surfaces. 

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

B. Touchup:  Comply with requirements in Division 09 painting Sections for cleaning and touchup 
painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous 
metal. 

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

END OF SECTION 260529 
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SECTION 260533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 

B. Refer to Section “Low-Voltage Electrical Power Conductors and Cables” for allowable 
applications of conduit/raceway vs. MC Cable. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

C. FMC:  Flexible metal conduit. 

D. LFMC:  Liquidtight flexible metal conduit. 

E. LFNC:  Liquidtight flexible nonmetallic conduit. 

F. RMC or GRS:  Galvanized rigid metal conduit. 

1.4 SUBMITTALS 

A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets. 

B. Shop Drawings:  For the following raceway components.  Include plans, elevations, sections, 
details, and attachments to other work. 

1. Custom enclosures and cabinets. 

C. Coordination Drawings:  Conduit routing 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. Structural members in the paths of conduit groups with common supports. 
2. HVAC and plumbing items and architectural features in the paths of conduit groups with 

common supports. 
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1.5 QUALITY ASSURANCE 

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

B. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 METAL CONDUIT AND TUBING 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. AFC Cable Systems, Inc. 
2. Alflex Inc. 
3. Allied Tube & Conduit; a Tyco International Ltd. Co. 
4. Maverick Tube Corporation. 
5. O-Z Gedney; a unit of General Signal. 
6. Wheatland Tube Company. 

B. Rigid Steel Conduit:  ANSI C80.1 with threaded fittings. 

C. IMC:  ANSI C80.6. 

D. EMT:  ANSI C80.3, with compression fittings. 

E. LFMC:  Flexible steel conduit with PVC jacket. 

F. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:  
NEMA FB 1; listed for type and size raceway with which used, and for application and 
environment in which installed. 
1. Fittings for EMT:  Die-cast, compression type. 
2. Fittings for RGS:  Threaded type. 

G. Joint Compound for Rigid Steel Conduit or IMC:  Listed for use in cable connector assemblies, 
and compounded for use to lubricate and protect threaded raceway joints from corrosion and 
enhance their conductivity. 

2.2 NONMETALLIC CONDUIT AND TUBING 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. AFC Cable Systems, Inc. 
2. CANTEX Inc. 
3. CertainTeed Corp.; Pipe & Plastics Group. 
4. Condux International, Inc. 
5. ElecSYS, Inc. 
6. Electri-Flex Co. 
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7. Lamson & Sessions; Carlon Electrical Products. 
8. Manhattan/CDT/Cole-Flex. 
9. RACO; a Hubbell Company. 
10. Thomas & Betts Corporation. 

B. ENT:  NEMA TC 13. 

C. RNC:  NEMA TC 2, Type PVC Schedule 40, unless otherwise indicated. 

D. LFNC:  UL 1660. 

E. Fittings for ENT and RNC:  NEMA TC 3; match to conduit or tubing type and material. 

F. Fittings for LFNC:  UL 514B. 

2.3 BOXES, ENCLOSURES, AND CABINETS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Cooper Crouse-Hinds; Div. of Cooper Industries, Inc. 
2. EGS/Appleton Electric. 
3. Erickson Electrical Equipment Company. 
4. Hoffman. 
5. Hubbell Incorporated; Killark Electric Manufacturing Co. Division. 
6. O-Z/Gedney; a unit of General Signal. 
7. RACO; a Hubbell Company. 
8. Spring City Electrical Manufacturing Company. 
9. Thomas & Betts Corporation. 

B. Sheet Metal Outlet and Device Boxes:  NEMA OS 1. 

C. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, aluminum, Type FD, with gasketed cover. 

D. Nonmetallic Outlet and Device Boxes:  NEMA OS 2. 

E. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1. 

F. Cast-Metal Access, Pull, and Junction Boxes:  NEMA FB 1, galvanized with gasketed cover. 

G. Hinged-Cover Enclosures:  NEMA 250, Type 1, with continuous-hinge cover with flush latch, 
unless otherwise indicated. 

1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel. 

H. Cabinets: 

1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable 
front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 
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2.4 SLEEVES FOR RACEWAYS 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 
ends. 

B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, 
with plain ends and integral waterstop, unless otherwise indicated. 

C. Sleeves for Rectangular Openings:  Galvanized sheet steel with minimum 0.052- or 0.138-inch 
(1.3- or 3.5-mm) thickness as indicated and of length to suit application. 

D. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 07 Section "Penetration Firestopping." 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoor:  Apply raceway products as specified below, unless otherwise indicated: 

1. Exposed Conduit:  Rigid steel conduit. 
2. Concealed Conduit, Aboveground:  Rigid steel conduit. 
3. Underground Conduit:  RNC, Type EPC-40-PVC, direct buried or concrete encased 

ductbank as indicated on the drawings. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFNC. 
5. Boxes and Enclosures, Aboveground:  NEMA 250, Type 4X. 

B. Indoor:  Comply with the following indoor applications, unless otherwise indicated; refer also to 
Section “Low-Voltage Electrical Power Conductors and Cables”: 
1. For allowable indoor raceways and MC Cable, refer to Section 260519. 
2. Indoor conduit for all areas:  EMT. 
3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet 
locations. 

4. Damp or Wet Locations or in Kitchens:  Rigid steel conduit. 
5. Raceways for Optical Fiber or Communications Cable in Spaces Used for Environmental 

Air:  EMT. 
6. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4X, stainless 

steel in damp or wet locations. 

C. Minimum Raceway Size:  3/4-inch (21-mm) trade size. 

D. Raceway Fittings:  Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless 
otherwise indicated. 

2. Electrical Metallic Tubing:  Use die-cast compression fittings. 

E. Install nonferrous conduit or tubing for circuits operating above 60 Hz.  Where aluminum 
raceways are installed for such circuits and pass through concrete, install in nonmetallic sleeve. 
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F. Do not install aluminum conduits in contact with concrete. 

3.2 INSTALLATION 

A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2 
except where requirements on Drawings or in this Article are stricter. 

B. Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-
water pipes.  Install horizontal raceway runs above water and steam piping. 

C. Complete raceway installation before starting conductor installation. 

D. Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical 
Systems." 

E. Arrange stub-ups so curved portions of bends are not visible above the finished slab. 

F. Install no more than the equivalent of three 90-degree bends in any conduit run except for 
communications conduits, for which fewer bends are allowed. 

G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise indicated. 

H. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply 
listed compound to threads of raceway and fittings before making up joints.  Follow compound 
manufacturer's written instructions. 

I. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings 
to protect conductors, including conductors smaller than No. 4 AWG. 

J. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not 
less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each 
end of pull wire. 

K. Raceways for Optical Fiber and Communications Cable:  Install raceways, metallic, as follows: 
1. Install with a maximum of two 90-degree bends or equivalent for each length of raceway 

unless Drawings show stricter requirements.  Separate lengths with pull or junction boxes 
or terminations at distribution frames or cabinets where necessary to comply with these 
requirements. 

L. Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with 
listed sealing compound.  For concealed raceways, install each fitting in a flush steel box with a 
blank cover plate having a finish similar to that of adjacent plates or surfaces.  Install raceway 
sealing fittings at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces. 

2. Where otherwise required by NFPA 70. 

M. Recessed Boxes in Masonry Walls:  Saw-cut opening for box in center of cell of masonry block, 
and install box flush with surface of wall. 
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3.3 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Coordinate sleeve selection and application with selection and application of firestopping 
specified in Division 07 Section "Penetration Firestopping." 

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed 
openings are used.  Install sleeves during erection of slabs and walls. 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. Rectangular Sleeve Minimum Metal Thickness: 

1. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no side 
greater than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm). 

2. For sleeve cross-section rectangle perimeter equal to, or greater than, 50 inches (1270 
mm) and 1 or more sides equal to, or greater than, 16 inches (400 mm), thickness shall 
be 0.138 inch (3.5 mm). 

E. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies 
unless openings compatible with firestop system used are fabricated during construction of floor 
or wall. 

F. Cut sleeves to length for mounting flush with both surfaces of walls. 

G. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

H. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and 
raceway unless sleeve seal is to be installed. 

I. Seal space outside of sleeves with grout for penetrations of concrete and masonry. 

J. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve 
and raceway, using joint sealant appropriate for size, depth, and location of joint.  Refer to 
Division 07 Section "Joint Sealants" for materials and installation. 

K. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at raceway penetrations.  Install sleeves and seal with firestop materials.  Comply 
with Division 07 Section "Penetration Firestopping." 

L. Roof-Penetration Sleeves:  Seal penetration of individual raceways with flexible, boot-type 
flashing units applied in coordination with roofing work. 

M. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using sleeves and mechanical 
sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe 
and sleeve for installing mechanical sleeve seals. 

N. Underground, Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size 
sleeves to allow for 1-inch (25-mm) annular clear space between raceway and sleeve for 
installing mechanical sleeve seals. 
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3.4 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly.  Firestopping materials and installation requirements 
are specified in Division 07 Section "Penetration Firestopping." 

3.5 PROTECTION 

A. Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are 
without damage or deterioration at time of Substantial Completion. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 

2. Repair damage to PVC or paint finishes with matching touchup coating recommended by 
manufacturer. 

END OF SECTION 260533 
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SECTION 260553 – IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 

1. Identification for raceway and metal-clad cable. 
2. Identification for conductors and communication and control cable. 
3. Warning labels and signs. 
4. Instruction signs. 
5. Equipment identification labels. 
6. Miscellaneous identification products. 
7. Self-adhesive labels for all switches and receptacles. 

1.3 SUBMITTALS 

A. Product Data:  For each electrical identification product indicated. 

B. Identification Schedule:  An index of nomenclature of electrical equipment and system 
components used in identification signs and labels. 

C. Samples:  For each type of label and sign to illustrate size, colors, lettering style, mounting 
provisions, and graphic features of identification products. 

1.4 QUALITY ASSURANCE 

A. Comply with ANSI A13.1 and ANSI C2. 

B. Comply with NFPA 70. 

C. Comply with 29 CFR 1910.145. 

1.5 COORDINATION 

A. Coordinate identification names, abbreviations, colors, and other features with requirements in 
the Contract Documents, Shop Drawings, manufacturer's wiring diagrams, and the Operation 
and Maintenance Manual, and with those required by codes, standards, and 29 CFR 1910.145.  
Use consistent designations throughout Project. 
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B. Coordinate installation of identifying devices with completion of covering and painting of 
surfaces where devices are to be applied. 

C. Coordinate installation of identifying devices with location of access panels and doors. 

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

PART 2 - PRODUCTS 

2.1 RACEWAY IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color 
field for each raceway and cable size. 

B. Color for Printed Legend: 

1. Power Circuits:  Black letters on an orange field. 
2. Emergency Circuits:  Black letters on a red field. 
3. Legend:  Indicate system or service and voltage, if applicable. 

C. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and 
chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend 
label. 

D. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeves, with 
diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping 
action. 

E. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeves, 2 
inches (50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies and to 
stay in place by gripping action. 

F. Self-Adhesive Vinyl Tape:  Colored, heavy duty, waterproof, fade resistant; 2 inches (50 mm) 
wide; compounded for outdoor use. 

2.2 CONDUCTOR AND COMMUNICATION- AND CONTROL-CABLE IDENTIFICATION 
MATERIALS 

A. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils (0.08 mm) 
thick by 1 to 2 inches (25 to 50 mm) wide. 

B. Marker Tapes:  Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 
legend machine printed by thermal transfer or equivalent process. 

2.3 WARNING LABELS AND SIGNS 

A. Comply with NFPA 70 and 29 CFR 1910.145. 
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B. Self-Adhesive Warning Labels:  Factory printed, multicolor, pressure-sensitive adhesive labels, 
configured for display on front cover, door, or other access to equipment, unless otherwise 
indicated. 

C. Baked-Enamel Warning Signs:  Preprinted aluminum signs, punched or drilled for fasteners, 
with colors, legend, and size required for application.  1/4-inch (6.4-mm) grommets in corners 
for mounting.  Nominal size, 7 by 10 inches (180 by 250 mm). 

D. Warning label and sign shall include, but are not limited to, the following legends: 
1. Workspace Clearance Warning:  "WARNING - OSHA REGULATION - AREA IN FRONT 

OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES (915 MM)." 

E. Multiple Services:  Label multiple services in the same building indicating the location of the 
other service and the purpose of the service. 

2.4 INSTRUCTION SIGNS 

A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch (1.6 mm) thick for signs up 
to 20 sq. in. (129 sq. cm) and 1/8 inch (3.2 mm) thick for larger sizes. 

1. Engraved legend with black letters on white face. 
2. Punched or drilled for mechanical fasteners. 
3. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment. 

2.5 EQUIPMENT IDENTIFICATION LABELS 

A. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal 
transfer or equivalent process.  Minimum letter height shall be 3/8 inch (10 mm).  Overlay shall 
provide a weatherproof and ultraviolet-resistant seal for label. 

2.6 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Cable Ties:  Fungus-inert, self-extinguishing, 1-piece, self-locking, Type 6/6 nylon cable ties. 

1. Minimum Width:  3/16 inch (5 mm). 
2. Tensile Strength:  50 lb (22.6 kg), minimum. 
3. Temperature Range:  Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 
4. Color:  Black, except where used for color-coding. 

B. Fasteners for Labels and Signs:  Self-tapping, stainless-steel screws or stainless-steel machine 
screws with nuts and flat and lock washers. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service and Feeders:  Identify 
with orange self-adhesive vinyl label. 
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B. Accessible Raceways and Cables of Auxiliary Systems:  Identify the following systems with 
color-coded, self-adhesive vinyl tape applied in bands or snap-around, color-coding bands: 

1. Fire Alarm System:  Red. 
2. Fire-Suppression Supervisory and Control System:  Red and yellow. 
3. Combined Fire Alarm and Security System:  Red and blue. 
4. Security System:  Blue and yellow. 
5. Mechanical and Electrical Supervisory System:  Green and blue. 
6. Telecommunication System:  Green and yellow. 
7. Control Wiring:  Green and red. 

C. Power-Circuit Conductor Identification:  For primary and secondary conductors No. 1 AWG and 
larger in vaults, pull and junction boxes, manholes, and handholes use color-coding conductor 
tape and aluminum wraparound marker labels.  Identify source and circuit number of each set of 
conductors.  For all conductor cables, identify phase in addition to the above. 

D. Branch-Circuit Conductor Identification:  Where there are conductors for more than three branch 
circuits in same junction or pull box, use color-coding conductor tape. For all conditions (more 
than one conductor in a box), identify each ungrounded conductor according to source and 
circuit number. 

E. Conductors to Be Extended in the Future:  Attach write-on tags to conductors and list source 
and circuit number. 

F. Auxiliary Electrical Systems Conductor Identification:  Identify field-installed alarm, control, 
signal, sound, intercommunications, voice, and data connections. 

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and 
pull points.  Identify by system and circuit designation. 

2. Use system of marker tape designations that is uniform and consistent with system used 
by manufacturer for factory-installed connections. 

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and 
Operation and Maintenance Manual. 

G. Locations of Underground Lines:  Identify with underground-line warning tape for power, 
lighting, communication, and control wiring and optical fiber cable.  Install underground-line 
warning tape for both direct-buried cables and cables in raceway. 

H. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Comply 
with 29 CFR 1910.145 and apply baked-enamel warning signs.  Identify system voltage with 
black letters on an orange background.  Apply to exterior of door, cover, or other access. 

1. Equipment Requiring Workspace Clearance According to NFPA 70:  Unless otherwise 
indicated, apply to door or cover of equipment but not on flush panelboards and similar 
equipment in finished spaces. 

I. Instruction Signs: 

1. Operating Instructions:  Install instruction signs to facilitate proper operation and 
maintenance of electrical systems and items to which they connect.  Install instruction 
signs with approved legend where instructions are needed for system or equipment 
operation. 

J. Equipment Identification Labels:  On each unit of equipment, install unique designation label 
that is consistent with wiring diagrams, schedules, and Operation and Maintenance Manual.  
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Apply labels to disconnect switches and protection equipment, central or master units, control 
panels, control stations, terminal cabinets, and racks of each system.  Systems include power, 
lighting, control, communication, signal, monitoring, and alarm systems unless equipment is 
provided with its own identification. 

1. Labeling Instructions: 

a. Indoor Equipment:  Self-adhesive, engraved, laminated acrylic or melamine label.  
Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) 
high letters on 1-1/2-inch- (38-mm-) high label; where 2 lines of text are required, 
use labels 2 inches (50 mm) high. 

b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label. 
c. Elevated Components:  Increase sizes of labels and letters to those appropriate for 

viewing from the floor. 

2. Equipment to Be Labeled: 

a. Panelboards, electrical cabinets, and enclosures, including panel source and 
circuit number. 

b. Access doors and panels for concealed electrical items. 
c. Electrical switchgear and switchboards, including panel source and circuit number. 
d. Transformers, including panel source and circuit number. 
e. Electrical substations. 
f. Emergency system boxes and enclosures. 
g. Motor-control centers. 
h. Disconnect switches, including panel source and circuit number. 
i. Enclosed circuit breakers, including panel source and circuit number. 
j. Motor starters and drives, including panel source and circuit number. 
k. Push-button stations. 
l. Power transfer equipment. 
m. Contactors. 
n. Remote-controlled switches, dimmer modules, and control devices, including panel 

source and circuit number. 
o. Battery inverter units. 
p. Battery racks. 
q. Power-generating units. 
r. Voice and data cable terminal equipment. 
s. Master clock and program equipment. 
t. Intercommunication and call system master and staff stations. 
u. Television/audio components, racks, and controls. 
v. Fire-alarm control panel and annunciators, including panel source and circuit 

number 
w. Fire alarm initiation and notification devices shall have a clear, self-adhesive label 

applied that contains minimum 10 pt black lettering indicating the SLC or NAC 
panel loop number and address or number of the device. 

x. Security and intrusion-detection control stations, control panels, terminal cabinets, 
and racks. 

y. CCTV systems. 
z. Monitoring and control equipment. 
aa. Uninterruptible power supply equipment. 
bb. Terminals, racks, and patch panels for voice and data communication and for 

signal and control functions. 
cc. Junction boxes with panel source and circuit number(s). 
dd. Receptacles and switches, including panel source and circuit number.  Minimum 

10 pt font.  See 3.2.K below for additional requirements. 
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3.2 INSTALLATION 

A. Verify identity of each item before installing identification products. 

B. Location:  Install identification materials and devices at locations for most convenient viewing 
without interference with operation and maintenance of equipment. 

C. Apply identification devices to surfaces that require finish after completing finish work. 

D. Self-Adhesive Identification Products:  Clean surfaces before application, using materials and 
methods recommended by manufacturer of identification device. 

E. Attach non-adhesive signs and plastic labels with screws and auxiliary hardware appropriate to 
the location and substrate. 

F. System Identification Color Banding for Raceways and Cables:  Each color band shall 
completely encircle cable or conduit.  Place adjacent bands of two-color markings in contact, 
side by side.  Locate bands at changes in direction, at penetrations of walls and floors, at 50-
foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals in 
congested areas. 

G. Color-Coding for Phase and Voltage Level Identification, 600 V and Less:  Use the colors listed 
below for ungrounded service, feeder, and branch-circuit conductors. 

1. Color shall be factory applied or, for sizes larger than No. 10 AWG if authorities having 
jurisdiction permit, field applied. 

2. Colors for 208/120-V Circuits: 

a. Phase A:  Black. 
b. Phase B:  Red. 
c. Phase C:  Blue. 

3. Colors for 480/277-V Circuits: 

a. Phase A:  Brown. 
b. Phase B:  Orange. 
c. Phase C:  Yellow. 

4. Field-Applied, Color-Coding Conductor Tape:  Apply in half-lapped turns for a minimum 
distance of 6 inches (150 mm) from terminal points and in boxes where splices or taps 
are made.  Apply last two turns of tape with no tension to prevent possible unwinding.  
Locate bands to avoid obscuring factory cable markings. 

H. Aluminum Wraparound Marker Labels and Metal Tags:  Secure tight to surface of conductor or 
cable at a location with high visibility and accessibility. 

I. Underground-Line Warning Tape:  During backfilling of trenches install continuous 
underground-line warning tape directly above line at 6 to 8 inches (150 to 200 mm) below 
finished grade.  Use multiple tapes where width of multiple lines installed in a common trench or 
concrete envelope exceeds 16 inches (400 mm) overall. 

J. Painted Identification:  Prepare surface and apply paint according to Division 09 painting 
Sections. 
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K. For all Receptacles and switches, provide the following labeling:  Provide clear, self adhesive 
label on all faceplates with 10 pt black lettering identifying the panel source and circuit number. 

L. For all mechanical and plumbing equipment, provide the following labeling:   
1. Indoor:  Provide clear, self-adhesive label with minimum 10 pt black lettering identifying 

the panel source and circuit number. 
2. Outdoor:  Provide engraved label with minimum 14 pt black lettering on a white 

background identifying the panel source and circuit number. 

END OF SECTION 260553 
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SECTION 262416 - PANELBOARDS 
 
 
PART 1 - GENERAL 
 
 
1.1 RELATED DOCUMENTS: 
 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions 
and Division-01 Specification sections, apply to work of this section. 

 
B. Requirements specified in all other sections of Division 26 apply to this Section. 

 
 
1.2 SUMMARY: 
 

A. Extent of panelboard, load-center and enclosure work, including cabinets and cutout boxes, is 
indicated by drawings and schedules, and as specified herein. 

 
B. Types of panelboards and enclosures required for the project include the following: 

 
1. Power-distribution panelboards. 
2. Lighting and appliance panelboards. 

 
C. Refer to other Division-26 sections for wires/cables, electrical boxes and fittings, and raceway 

work required in conjunction with installation of panelboards and enclosures. 
 

D. Wires/cables, electrical boxes and fittings, and raceways required in conjunction with the 
installation of panelboards and enclosures are specified in other Division-26 sections. 

 
 
1.3 SUBMITTALS: 
 

A. Product Data:  Submit manufacturer's data on panelboards and enclosures. 
 

B. Wiring Diagrams:  Submit wiring diagrams for panelboards showing connections to electrical 
power feeders and distribution branches. 

 
1.4 QUALITY ASSURANCE: 
 

A. Installer's Qualifications:  A firm with at least 3 years of successful installation experience on 
projects utilizing panelboards similar to those required for this project. 

 
B. Codes and Standards: 

 
1. Electrical Code Compliance:  Comply with applicable local code requirements of the 

authority having jurisdiction and NEC Article 384 as applicable to installation, and 
construction of electrical panelboards and enclosures. 

2. UL Compliance:  Comply with applicable requirements of UL 67, "Electric Panelboards," 
and UL's 50, 869, 486A, 486B, and 1053 pertaining to panelboards, accessories and 
enclosures.  Provide panelboard units which are UL-listed and labeled. 

3. Special-Use Markings:  Provide panelboards, constructed for special-use, with 
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appropriate UL markings which indicate that they are suitable for special type of 
use/application. 

4. NEMA Compliance:  Comply with NEMA Stds Pub/No. 250, "Enclosures for Electrical 
Equipment (1000 Volts Maximum)," Pub/No. PB 1, "Panelboards," and Pub/No. PB 
1.1,"Instructions for Safe Installation, Operation and Maintenance of Panelboards Rated 
600 Volts or Less." 

 
C. Federal Specification Compliance:  Comply with FS W-P-115, "Power Distribution Panel", 

pertaining to panelboards and accessories. 
 
 
1.5 SEQUENCING AND SCHEDULING: 
 

A. Coordinate installation of panelboards and enclosures with installation of wires/cables, electrical 
boxes and fittings, and raceway work. 

  
PART 2 - PRODUCTS 
 
2.1 MANUFACTURERS: 
 

A. Manufacturers:  Subject to compliance with requirements, provide panelboard products 
manufactured by: 

 
1. Square D Co. 
2. General Electric Co. 
3. Cutler- Hammer / Eaton Electrical 

 
 
2.2 PANELBOARDS: 
 

A. General:  Except as otherwise indicated, provide panelboards, enclosures and ancillary 
components, of types, sizes, and ratings indicated, which comply with manufacturer's standard 
materials; with the design and construction in accordance with published product information; 
equip with proper number of unit panelboard devices as required for complete installation.  
Where types, sizes, or ratings are not indicated, comply with NEC, UL and established industry 
standards for those applications indicated. 

 
B. Overcurrent Protective Devices (OCPDs):  Provide type, rating, and features as indicated.  

Comply with Division 26 Section "Overcurrent Protective Devices," with OCPDs adapted to 
panelboard installation.  Tandem circuit breakers shall not be used.  Multipole breakers shall 
have common trip. 

 
C. Equipment Ground Bus:  Adequate for feeder and branch-circuit equipment ground conductors.  

Bonded to box. 
 

D. Provision for Future Devices:  Equip with mounting brackets, bus connections, and necessary 
appurtenances, for the OCPD ampere ratings indicated for future installation of devices. 

 
E. Feed-Through Lugs:  Sized to accommodate feeders indicated. 

 
F.  Double-Main Lugs:  Sized to accommodate feeders indicated.  Provide custom sizes separate 

from the integral main circuit breakers with internal factory wiring from the double main lugs to 
the integral main circuit breaker. 
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G. Special Features:  Provide the following features for panelboards as indicated. 

 
1. Split Bus:  Vertical bus of indicated panels divided into two vertical sections with 

connections as indicated.  Provide split bus panels for Normal -Emergency Loads, where 
indicated. 

2. Contactors in Panels:  Mechanically held, with current rating, poles, and connections as 
indicated.   

3.  All Panelboards and distribution boards:  Provide both enclosure fronts and doors with full 
piano type hinges. 

 
2.3 DISTRIBUTION PANELBOARDS 

 
A. Branch-Circuit Breakers:  Use bolt-on breakers. 

 
1. Power Distribution Panelboards General:  Provide dead-front safety type power 

distribution panelboards as indicated, with panelboard switching and protective devices in 
quantities, ratings, types, and with arrangement shown; with anti-turn solderless pressure 
type main lug connectors approved for use with copper conductors.  Equip with copper 
bus bars with not less than 98-percent conductivity, and with full-sized neutral bus; 
provide suitable lugs on neutral bus for outgoing feeders requiring neutral connections.  
Provide molded-case main and branch circuit-breaker types for each circuit, with toggle 
handles that indicate when tripped.  Where multiple-pole breakers are indicated, provide 
with common trip so overload on one pole will trip all poles simultaneously. Provide 
panelboards with bare uninsulated grounding bars suitable for bolting to enclosures.  
Select enclosures fabricated by same manufacturer as panelboards, which mate and 
match properly with panelboards.  Provide enclosure fronts and doors with full piano type 
hinges. 

 
B. Distribution panelboards shall be equal to Square D I-Line Power Distribution Panelboards.  

Power Distribution Panelboards shall be rated minimum R.M.S. Symmetrical as noted on the 
drawings for the 277/480 Volt and 120/208 Volt panelboards. 

C..  Panelboard Enclosures:  Provide galvanized sheet steel cabinet type enclosures, in sizes and 
NEMA types as indicated, code-gage, minimum 16-gage thickness.  Construct with multiple 
knockouts and wiring gutters.  Provide fronts with full piano hinge, and doors with flush locks, 
piano hinge and keys, all panelboard enclosures keyed alike, with concealed piano door hinges 
and door swings as indicated.  Equip with interior circuit-directory frame, and card with clear 
plastic covering.  Provide baked gray enamel finish over a rust inhibitor coating.  Design 
enclosures for recessed mounting, where indicated.  Provide enclosures which are fabricated by 
same manufacturer as panelboards, which mate and match properly with panelboards to be 
enclosed. 

 
D.  Special Features: 

 
1.        Surge Protection Devices (SPD):  120kA minimum, UL 1449 3rd edition compliant, bus 

connected without leads. 
2.  84, 56 or 42 pole panelboards as shown on the contract drawings. 
3. Arc-Flash labels:  Provide an arc-flash label for the exterior of each panelboard.   
4.  Provide phase label color code chart for each panelboard to comply with the NEC. 

 
2.4 LIGHTING AND APPLIANCE BRANCH CIRCUIT PANELBOARDS 
 

A. Branch OCPDs:  Bolt-on circuit breakers, replaceable without disturbing adjacent units. 
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B. Lighting and Appliance Panelboards General:  Provide dead-front safety type lighting and 

appliance panelboards as indicated, with switching and protective devices in quantities, ratings, 
types and arrangements shown; with anti-burn solderless pressure type lug connectors 
approved for use with copper conductors; construct unit for connecting feeders at top of panel; 
equip with copper bus bars, full-sized neutral bar, with bolt-in type heavy-duty, quick-make, 
quick-break, single-pole circuit-breakers, with toggle handles that indicate when tripped.  
Provide suitable lugs on neutral bus for each outgoing feeder required; and provide bare 
uninsulated grounding bars suitable for bolting to enclosures.  Select enclosures fabricated by 
same manufacturer as panelboards, which mate and match properly with panelboards. 

 
1. Panelboard Enclosures:  Provide galvanized sheet steel cabinet type enclosures, in sizes 

and NEMA types as indicated, code-gage, minimum 16-gage thickness.  Construct with 
multiple knockouts and wiring gutters.  Provide fronts with piano hinge, and doors with 
piano hinge, flush locks and keys, all panelboard enclosures keyed alike, with concealed 
piano door hinges and door swings as indicated.  Equip with interior circuit-directory 
frame, and card with clear plastic covering.  Provide baked gray enamel finish over a rust 
inhibitor coating.  Design enclosures for recessed mounting.  Provide enclosures which 
are fabricated by same manufacturer as panelboards, which mate and match properly 
with panelboards to be enclosed.  Provide enclosure fronts and doors with full piano type 
hinges. 

 
C. Double-Width Panels:  Where more than 42 poles are indicated or where otherwise indicated, 

provide two panelboards connected by feed-thru lugs.  Contractor shall provide wire and conduit 
between panels equal to the main incoming feeders. 
 

D. Doors:  In panel front, with concealed hinges.  Secure with flush catch and tumbler lock, all 
keyed alike. 

 
E. Molded-Case Circuit Breakers:  Provide factory-assembled, molded-case circuit breakers of 

frame sizes, characteristics, and ratings including RMS symmetrical interrupting ratings 
indicated.  Select breakers with permanent thermal and instantaneous magnetic trip, and with 
fault-current limiting protection, ampere ratings as indicated.  Construct with overcenter, trip-
free, toggle-type operating mechanisms with quick-make, quick-break action and positive 
handle trip indication.  Construct breakers for mounting and operating in any physical position, 
and operating in an ambient temperature of 40 deg C.  Provide breakers with mechanical screw 
type removable connector lugs, AL/CU rated. 

 
F. Panelboards shall be made by Square D, type NF. Panelboards shall be rated minimum R.M.S. 

Symmetrical as shown on the drawings for the 277/480V.    
 

G.  Panelboards shall be made by Square D, type NQ. Panelboards shall be rated minimum R.M.S. 
Symmetrical as shown on the drawings for the 120/208V panelboards. 
 

H. Accessories:  Provide panelboard accessories and devices including, but not necessarily limited 
to, time-delay type fuses, ground-fault protection units, etc., as recommended by panelboard 
manufacturer for ratings and applications indicated. 

 
I. Special Features:   

 
1.  Provide bus-mounted 120kA Surge Protection Devise (SPD), UL 1449, 3rd edition listed, 

in panels, where noted on the drawings. 
2.  Provide enclosure fronts with full piano hinges and doors within the fronts with full piano 
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hinges.  Secure fronts with standard manufacturer fastening devices. 
3.  84, 56, or 42 pole panelboards as shown on the contract drawings. 
4. Arc-Flash labels:  Provide an arc-flash label for the exterior of each panelboard.   
5.  Provide phase label color code chart for each panelboard to comply with the NEC. 

 
PART 3 - EXECUTION 
 
3.1 EXAMINATION: 
 

A. Examine areas and conditions under which panelboards and enclosures are to be installed, and 
notify Contractor in writing of conditions detrimental to proper completion of work.  Do not 
proceed with work until unsatisfactory conditions have been corrected in a manner acceptable 
to Installer. 

 
3.2 INSTALLATION OF PANELBOARDS: 
 

A. Install panelboards and enclosures as indicated, in accordance with manufacturer's written 
instructions, applicable requirements of NEC standards and NECA's "Standards of Installation," 
and in compliance with recognized industry practices to ensure that products fulfill 
requirements. 

 
B. Ground Fault Protection:  Install panelboard ground fault circuit interrupter devices in 

accordance with installation guidelines of NEMA 289, "Application Guide for Ground Fault 
Circuit Interrupters." 

 
C. Tighten connectors and terminals, including screws and bolts, in accordance with equipment 

manufacturer's published torque values for equipment connectors.  Where manufacturer's 
torquing requirements are not indicated, tighten connectors and terminals to comply with 
tightening torques specified in UL Stds 486A and B. 

D. Fasten enclosures firmly to walls and structural surfaces, ensuring that they are permanently 
and mechanically anchored. 

 
E. Provide properly wired electrical connections for panelboards within enclosures. 

 
F. Fill out panelboard's circuit directory card upon completion of installation work. 

 
G. Provision for Future Circuits at Flush Panelboards:  Stub four 1-inch empty conduits from panel 

into accessible ceiling space. 
  
3.3 GROUNDING: 
 

A. Provide equipment grounding connections for panelboard enclosures as indicated.  Tighten 
connections to comply with tightening torques specified in UL 486A to assure permanent and 
effective grounds. 

 
3.4 FIELD QUALITY CONTROL: 
 

A. Prior to energization of electrical circuitry, check all accessible connections to manufacturer's 
tightening torque specifications. 

 
B. Prior to energization of panelboards, check with ground resistance tester phase-to-phase and 

phase-to-ground insulation resistance levels to ensure requirements are fulfilled. 
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C. Prior to energization, check panelboards for electrical continuity of circuits, and for short-circuits. 
 
3.5 ADJUSTING AND CLEANING: 
 

A. Adjust operating mechanisms for free mechanical movement. 
 

B. Touch-up scratched or marred surfaces to match original finishes. 
 
3.6 DEMONSTRATION: 
 

A. Subsequent to wire and cable hook-ups, energize panelboards and demonstrate functioning in 
accordance with requirements. Where necessary, correct malfunctioning units, and then retest 
to demonstrate compliance. 
 

 
END OF SECTION 262416 
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SECTION 262726– WIRING DEVICES  
 
PART 1 – GENERAL 
 
1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions 
and Division 1 Specification Sections, apply to this and the other sections of Division 26. 

 
B. Requirements specified in all other sections of Division 26 apply to this Section. 

 
1.2 SUMMARY 
 

A. This Section includes the following: 
 

1. Receptacles 
2. Plugs and Plug Connectors 
3. Snap Switches 
4. Ground Fault Circuit Interrupter Receptacles 
5. Wall Plates 

 
B. Related Sections:  The following sections contain requirements that relate to this section: 

 
1. Division 26 Section "Electrical Identification" for requirements for labels on wall plates. 

 
1.3 SUBMITTALS 
 

A. Product data for each type of product specified. 
 

B. Samples of those products indicated for sample submission in Architect's comments on product 
data submittal.  Include color and finish samples of device plates and other items per Architect's 
request. 

 
1.4 QUALITY ASSURANCE 
 

A. Regulatory Requirements:  Comply with provisions of the following codes. 
 

B. NFPA 70 "National Electrical Code". 
 

1. UL and NEMA Compliance:  Provide wiring devices which are listed and labeled by UL 
and comply with applicable UL and NEMA standards. 

 
 
PART 2 - PRODUCTS 
 
2.1 MANUFACTURERS 
 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

 
1. Hubbell Inc. 
2. Leviton. 
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3. Pass and Seymour Inc. 
 
2.2 WIRING DEVICES: 
 

A. General:  Provide wiring devices, in types, characteristics, grades, colors, and electrical ratings 
for applications indicated which are UL listed and which comply with NEMA WD 1 and other 
applicable UL and NEMA standards.  Verify color selections with Architect. 

 
B.  Receptacles:  Comply with UL 498 and NEMA WD 1.  Where not otherwise indicated, provide 

20A heavy duty, specification grade tamper-resistant receptacles.  Provide receptacles equal to 
Hubbell Wiring Devices BR20TR series.  Verify color selections with Architect. 
 

C.  Where receptacles are wired to normal/emergency or emergency only circuits, provide red 
colored receptacles, with ratings equal to above.   
 

D.  Receptacles, Industrial Heavy Duty:  Provide pin and sleeve design receptacles conforming to 
UL 498.  Provide features indicated. 

 
E. Ground-Fault Interrupter (GFI) Receptacles:  Provide weather-resistant, tamper-resistant, "feed-

thru" type ground-fault circuit interrupter, with integral commercial heavy-duty NEMA 5-20R 
duplex receptacles arranged to protect connected downstream receptacles on same circuit.  
Provide unit designed for installation in a 2-3/4 inch deep outlet box without adapter, grounding 
type, Class A, Group 1, per UL Standard 943.  Provide receptacles equal to Hubbell Wiring 
Devices GFTWRST20 series, which comply with 2015 UL 943 for self-testing requirements. 
Verify color selections with Architect. 
 

F. Recessed receptacle for wall mounted projectors and clocks:  Provide recessed receptacle, 20A 
rated, tamper-resistant, 2 pole, 3 wire, grounding, with side wire terminations.  Provide 
receptacles equal to Hubbell Wiring Device-Kellems RR201CHSSTR. Verify color selections 
with Architect. 

 
G. Plugs:  15-amperes, 125-volts, 3-wire, grounding, armored cap plugs, parallel blades with cord 

clamp, and 0.4 inch cord hole; match NEMA configuration with power source's. 
 

H. Plug Connectors:  15-amperes, 125-volts, bakelite-body armored connectors, 3-wire, grounding, 
parallel blades, double wipe contact, with cord clamp, and 0.4 inch cord hole, match NEMA 
configuration to mating plug's.  Arrange as indicated. 

 
I. Snap Switches:  quiet type AC switches as indicated in Table 2 in Part 3 below.  Comply with 

UL 20 and NEMA WD1.  Where not otherwise indicated, provide 20A industrial/institutional 
heavy duty grade switches.   

 
1.  Standard Toggle:  Provide Hubbell Wiring Device-Kellems 122*-I (* - single pole, double 

pole, three-way and four-way as required) series or approved equal with colors as 
selected by the Architect. 

2.  Piloted Toggle:  Provide Hubbell Wiring Device-Kellems HBL122*PL (* - single pole, 
three-way and four-way as required) or approved equal with colors as selected by the 
Architect. 

3.  Standard Key:  Hubbell Wiring Device-Kellems HBL122*LI with HBL1209 key for locking 
(* - single pole, double pole, three-way and four-way as required) series or approved 
equal with colors as selected by the Architect 
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2.3 WIRING DEVICE ACCESSORIES 
 

A. Wall plates:  single and combination, of types, sizes, and with ganging and cutouts as indicated.  
Provide plates which mate and match with wiring devices to which attached.  Provide metal 
screws for securing plates to devices with screw heads colored to match finish of plates.  
Provide wall plate color to match wiring devices except as otherwise indicated.  Provide wall 
plates with engraved legend where indicated.  Conform to requirements of Section "Electrical 
Identification." Provide plates possessing the following additional construction features: 

 
1. Material and Finish:  0.04 inch thick, type 302 satin finished stainless steel. 
2.  Outdoor covers & material for Wet Locations:  Cast Aluminum with spring-loaded lift 

cover, and listed and labeled for use in "wet locations."  Provide gray while-in-use cover 
MX2480S by Hubbell Taymac or approved equal for roof locations.  All other locations 
provide clear horizontal Arlington DBH*1C.  Coordinate mounting types with GC. 

 
 

PART 3 - EXECUTION 
 
3.1 INSTALLATION OF WIRING DEVICES AND ACCESSORIES: 
 

A. Install wiring devices and accessories as indicated, in accordance with manufacturer's written 
instructions, applicable requirements of NEC and in accordance with recognized industry 
practices to fulfill project requirements. 

 
B. Coordinate with other Work, including painting, electrical boxes and wiring installations, as 

necessary to interface installation of wiring devices with other Work. 
 

C. Install wiring devices only in electrical boxes which are clean; free from building materials, dirt, 
and debris. 

 
D. Install wiring devices after wiring work is completed. 

 
E. Install wall plates after painting work is completed. 

 
F. Tighten connectors and terminals, including screws and bolts, in accordance with equipment 

manufacturer's published torque tightening values for wiring devices.  Where manufacturer's 
torquing requirements are not indicated, tighten connectors and terminals to comply with 
tightening torques specified in UL Standard 486A.  Use properly scaled torque indicating hand 
tool. 

  
3.2 PROTECTION 
 

A. Protect installed components from damage.  Replace damaged items prior to final acceptance. 
 
3.3 FIELD QUALITY CONTROL 
 

A. Testing:  Prior to energizing circuits, test wiring for electrical continuity, and for short-circuits.  
Ensure proper polarity of connections is maintained.  Subsequent to energizing, test wiring 
devices and demonstrate compliance with requirements, operating each operable device at 
least six times. 

 
B. Test ground fault interrupter operation with both local and remote fault simulations in 

accordance with manufacturer recommendations. 
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END OF SECTION 262726 
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SECTION 262816 – ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes individually mounted enclosed switches and circuit breakers used for the 
following: 
 
1. Feeder and branch-circuit protection. 
2. Motor and equipment disconnecting means. 

B. Related Sections include the following: 

1. Division 26 Section "Wiring Devices" for attachment plugs, receptacles, and toggle 
switches used for disconnecting means. 

1.3 DEFINITIONS 

A. GFCI:  Ground-fault circuit interrupter. 

B. RMS:  Root mean square. 

C. SPDT:  Single pole, double throw. 

1.4 SUBMITTALS 

A. Product Data:  For each type of switch, circuit breaker, accessory, and component indicated.  
Include dimensions and manufacturers' technical data on features, performance, electrical 
characteristics, ratings, and finishes. 

B. Shop Drawings:  For each switch and circuit breaker. 

1. Dimensioned plans, elevations, sections, and details, including required clearances and 
service space around equipment.  Show tabulations of installed devices, equipment 
features, and ratings.  Include the following: 

a. Enclosure types and details for types other than NEMA 250, Type 1. 
b. Current and voltage ratings. 
c. Short-circuit current rating. 
d. UL listing for series rating of installed devices. 
e. Features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components. 
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2. Wiring Diagrams:  Power, signal, and control wiring.  Differentiate between manufacturer-
installed and field-installed wiring. 

C. Qualification Data:  Submit data for testing agencies indicating that they comply with 
qualifications specified in "Quality Assurance" Article. 

D. Field Test Reports:  Submit written test reports and include the following: 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 

E. Manufacturer's field service report. 

F. Maintenance Data:  For enclosed switches and circuit breakers and for components to include 
in maintenance manuals specified in Division 01.  In addition to requirements specified in 
Division 01 Section "Closeout Procedures," include the following: 

1. Routine maintenance requirements for components. 
2. Manufacturer's written instructions for testing and adjusting switches and circuit breakers. 
3. Time-current curves, including selectable ranges for each type of circuit breaker. 

1.5 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Testing agency that is a member company of the InterNational 
Electrical Testing Association and that is acceptable to authorities having jurisdiction. 

1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational 
Electrical Testing Association or National Institute for Certification in Engineering 
Technologies to supervise on-site testing specified in Part 3. 

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

C. Comply with NEMA AB 1 and NEMA KS 1. 

D. Comply with NFPA 70. 

E. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for enclosed 
switches and circuit breakers, including clearances between enclosures, and adjacent surfaces 
and other items.  Comply with indicated maximum dimensions. 

1.6 PROJECT CONDITIONS 

A. Environmental Limitations:  Rate equipment for continuous operation under the following 
conditions, unless otherwise indicated: 

1. Ambient Temperature:  Not less than minus 22 deg F (minus 30 deg C) and not 
exceeding 104 deg F (40 deg C). 

2. Altitude:  Not exceeding 6600 feet (2000 m). 
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1.7 COORDINATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with other 
construction, including conduit, piping, equipment, and adjacent surfaces.  Maintain required 
workspace clearances and required clearances for equipment access doors and panels. 

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. Spares:  For the following: 

a. Potential Transformer Fuses:  One for every 10 installed; minimum of 3. 
b. Control-Power Fuses:  One for every 10 installed; minimum of 3. 
c. Fuses and Fusible Devices for Fused Circuit Breakers:  One for every 10 installed; 

minimum of 3. 
d. Fuses for Fused Switches:  One for every 10 installed; minimum of 3. 
e. Fuses for Fused Power-Circuit Devices:  One for every 10 installed; minimum of 3. 

2. Spare Indicating Lights:  Six of each type installed. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Fusible Switches: 

a. Eaton Corp.; Cutler-Hammer Products. 
b. General Electric Co.; Electrical Distribution & Control Division. 
c. Square D Co. 

2. Molded-Case Circuit Breakers: 

a. Eaton Corp.; Cutler-Hammer Products. 
b. General Electric Co.; Electrical Distribution & Control Division. 
c. Square D Co. 

3. Combination Circuit Breaker and Ground-Fault Trip: 

a. Eaton Corp.; Cutler-Hammer Products. 
b. General Electric Co.; Electrical Distribution & Control Division. 
c. Square D Co. 

2.2 ENCLOSED SWITCHES 

A. Enclosed, Nonfusible Switch:  NEMA KS 1, Type  HD, with lockable handle. 
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B. Enclosed, Fusible Switch, 800 A and Smaller:  NEMA KS 1, Type HD, with clips to 
accommodate specified fuses, lockable handle with two padlocks, and interlocked with cover in 
closed position.   

C. Elevators:  Provide (2) NO/NC contacts where indicated and for all disconnects in an elevator 
machine room. 

2.3 ENCLOSED CIRCUIT BREAKERS 

A. Molded-Case Circuit Breaker:  NEMA AB 1, with interrupting capacity to meet available fault 
currents. 

1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads, 
and instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip 
setting for circuit-breaker frame sizes 250 A and larger. 

2. Adjustable Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-
mounted, field-adjustable trip setting. 

3. Electronic Trip Unit Circuit Breakers:  RMS sensing; field-replaceable rating plug; with the 
following field-adjustable settings: 

a. Instantaneous trip. 
b. Long- and short-time pickup levels. 
c. Long- and short-time time adjustments. 
d. Ground-fault pickup level, time delay, and I2t response. 
 

4. GFCI Circuit Breakers:  Single- and two-pole configurations with 5-mA trip sensitivity. 
5. Molded-Case Switch:  Molded-case circuit breaker without trip units. 
6. Shunt-Trip:  Integral shunt-trip module within the Molded-case circuit breaker. 

B. Molded-Case Circuit-Breaker Features and Accessories:  Standard frame sizes, trip ratings, and 
number of poles. 

1. Lugs:  Mechanical style suitable for number, size, trip ratings, and material of conductors. 
2. Application Listing:  Appropriate for application; Type SWD for switching fluorescent 

lighting loads; Type HACR for heating, air-conditioning, and refrigerating equipment. 
3. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup 

and time-delay settings, push-to-test feature, and ground-fault indicator. 

2.4 ENCLOSURES 

A. NEMA AB 1 and NEMA KS 1 to meet environmental conditions of installed location. 

1. Outdoor Locations:  NEMA 250, Type 3R. 
 
2. Kitchen Areas:  NEMA 250, Type 4X, stainless steel. 
3. Other Wet or Damp Indoor Locations:  NEMA 250, Type 4. 
4. Hazardous Areas Indicated on Drawings:  NEMA 250, Type 7C. 

2.5 FACTORY FINISHES 

A. Manufacturer's standard prime-coat finish ready for field painting. 
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B. Finish:  Manufacturer's standard grey paint applied to factory-assembled and -tested enclosures 
before shipping. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for 
compliance with installation tolerances and other conditions affecting performance. 

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

3.2 INSTALLATION 

A. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components. 

3.3 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 
signs as specified in Division 26 Section “Identification for Electrical Systems." 

B. Enclosure Nameplates:  Label each enclosure with engraved metal or laminated-plastic 
nameplate mounted with corrosion-resistant screws. 

3.4 CONNECTIONS 

A. Install equipment grounding connections for switches and circuit breakers with ground continuity 
to main electrical ground bus. 

B. Install power wiring.  Install wiring between switches and circuit breakers, and control and 
indication devices. 

C. 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. 

3.5 FIELD QUALITY CONTROL 

A. Prepare for acceptance tests as follows: 

1. Test insulation resistance for each enclosed switch, circuit breaker, component, and 
control circuit. 

2. Test continuity of each line- and load-side circuit. 

B. Testing Agency:  Engage a qualified independent testing agency to perform specified testing. 
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C. Testing:  After installing enclosed switches and circuit breakers and after electrical circuitry has 
been energized, demonstrate product capability and compliance with requirements. 

1. Procedures:  Perform each visual and mechanical inspection and electrical test indicated 
in NETA ATS, Section 7.5 for switches and Section 7.6 for molded-case circuit breakers.  
Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest. 

3.6 ADJUSTING 

A. Set field-adjustable switches and circuit-breaker trip ranges. 

3.7 CLEANING 

A. On completion of installation, inspect interior and exterior of enclosures.  Remove paint splatters 
and other spots.  Vacuum dirt and debris; do not use compressed air to assist in cleaning.  
Repair exposed surfaces to match original finish. 

END OF SECTION 262816 
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SECTION 265119 - LED INTERIOR LIGHTING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes the following: 
1. Materials. 
2. Finishes. 
3. Luminaire support. 

B. Related Requirements: 

1. Section 260923 "Lighting Control Devices" for automatic control of lighting, including time 
switches, photoelectric relays, occupancy sensors, and multipole lighting relay panes, 
and architectural dimming systems and for LED dimming controls with dimming drivers 
specified in interior lighting Sections. 

2. Refer to Lighting Fixture Schedule on Contract Drawings. 

1.2 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color Rendering Index. 

C. Fixture: See "Luminaire." 

D. IP: International Protection or Ingress Protection Rating. 

E. LED: Light-emitting diode. 

F. Lumen: Measured output of lamp and luminaire, or both. 

G. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product, arranged by designation. 

B. Shop Drawings: For nonstandard or custom luminaires. 

1. Include plans, elevations, sections, and mounting and attachment details. 
2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

3. Include diagrams for power, signal, and control wiring. 

C. Product Schedule: For luminaires and lamps. Use same designations indicated on Drawings. 
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1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale and 
coordinated with each other, using input from installers of the items involved: 

B. Seismic Qualification Certificates: For luminaires, accessories, and components, from 
manufacturer. 

C. Product Certificates: For each type of luminaire. 

D. Sample warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that 
fail in materials or workmanship within specified warranty period. 

B. Warranty Period: 5 years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 LUMINAIRE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

B. Standards: 

1. ENERGY STAR certified. 
2. California Title 24 compliant. 
3. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled for 

indicated class and division of hazard by an NRTL. 
4. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for 

indicated class and division of hazard by FM Global. 
5. UL Listing: Listed for damp location. 
6. Recessed luminaires shall comply with NEMA LE 4. 

C. CRI of minimum 80. CCT, as noted in Lighting Fixture Schedule. 

D. Rated lamp life of 50,000 hours to L70. 

E. Lamps dimmable from 100 percent to 10 percent of maximum light output in classrooms and 
common spaces.  Lecture Hall fixture shall be dimmable from 100 percent to 1 percent. 

F. Internal driver, unless otherwise noted. 
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G. Nominal Operating Voltage: As noted in Lighting Fixture Schedule. 

1. Lens Thickness: At least 0.125 inch (3.175 mm) minimum unless otherwise indicated. 

2.2 MATERIALS 

A. Metal Parts: 

1. Free of burrs and sharp corners and edges. 
2. Sheet metal components shall be steel unless otherwise indicated. 
3. Form and support to prevent warping and sagging 

B. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under 
operating conditions, and designed to permit relamping without use of tools. Designed to 
prevent doors, frames, lenses, diffusers, and other components from falling accidentally during 
relamping and when secured in operating position. 

C. Diffusers, and Globes: 

1. [Retain "Acrylic" Subparagraph below if acrylic options in "Diffusers and Globes" 
Paragraph above are retained. 

2. Acrylic: One hundred percent virgin acrylic plastic, with high resistance to yellowing and 
other changes due to aging, exposure to heat, and UV radiation. 

3. Glass: Annealed crystal glass unless otherwise indicated. 

2.3 METAL FINISHES 

A. Variations in finishes are unacceptable in the same piece. Variations in finishes of adjoining 
components are acceptable if they are within the range of approved Samples and if they can be 
and are assembled or installed to minimize contrast. 

2.4 LUMINAIRE SUPPORT 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for 
channel and angle iron supports and nonmetallic channel and angle supports. 

B. Single-Stem Hangers: 1/2-inch (13-mm) steel tubing with swivel ball fittings and ceiling canopy. 
Finish same as luminaire. 

C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage (2.68 mm).  

D. Rod Hangers: 3/16-inch (5-mm) minimum diameter, cadmium-plated, threaded steel rod. 

E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with 
threaded attachment, cord, and locking-type plug. 

2.5 LIGHTING FIXTURE SCHEDULE 

A. General:  Various fixture types required are indicated below.  Fixtures must comply with 
minimum requirements as stated herein.  Review architectural drawings and specifications to 
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verify ceiling types, modules, suspension systems appropriate to installation.  In general, where 
so noted, substitutions for different type of fixture will be acceptable, based only on the alternate 
manufacturer listed for the specific fixture type, and on objective criteria as submitted in 
accordance with Instructions to the Bidders. 

B. A contractor submitted shop drawing for the lighting fixtures, stamped as Approved by the 
contractor, constitutes that the contractor has reviewed, coordinated and approved all 
information (number and quantity of switching devices, ceiling types, wiring schemes, etc.) on 
the Electrical and Architectural drawings. 

C. Refer to the contract drawings for the lighting fixture schedule.   

 
1. Model numbers are shown for information only.  The written description for each 

fixture shall supersede the model number.  It shall be the contractor’s 
responsibility to verify all model numbers.  All final fixture finishes shall be 
selected by the Architect prior to fixture approval.  Contractor shall bid on the 
most expensive finish available for each fixture, unless otherwise noted. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1. 

B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated. 

C. Install lamps in each luminaire. 

D. Supports: Sized and rated for luminaire weight.   

E. Flush-Mounted Luminaire Support: Secured to outlet box. 

F. Wall-Mounted Luminaire Support: 
1. Do not attach luminaires directly to gypsum board. 

G. Suspended Luminaire Support: 

1. Pendants and Rods: Where longer than 48 inches (1200 mm), brace to limit swinging. 
2. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers. Support with 

approved outlet box and accessories that hold stem and provide damping of luminaire 
oscillations. Support outlet box vertically to building structure using approved devices. 

3. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point and tubing or 
rod, wire support for suspension for each unit length of luminaire chassis, including one 
at each end. 

4. Do not use ceiling grid as support for pendant luminaires. Connect support wires or rods 
to building structure. 

H. Ceiling-Grid-Mounted Luminaires: 

1. Secure to any required outlet box. 
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2. Secure luminaire using approved fasteners in a minimum of four locations, spaced near 
corners of luminaire. 

I. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables" for wiring connections. 

J. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

3.2 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Operational Test: After installing luminaires, switches, and accessories, and after 
electrical circuitry has been energized, test units to confirm proper operation. 

2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation. 
Verify transfer from normal power to battery power and retransfer to normal. 

B. Luminaire will be considered defective if it does not pass operation tests and inspections. 

C. Prepare test and inspection reports. 

END OF SECTION 265119 
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SECTION 284700 –FIRE ALARM SYSTEMS 

PART 1 – GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this and the other sections of 
Division 26. 

B. Requirements specified in all other sections of Division 26 apply to this Section. 

1.2 SUMMARY 

A. Work covered by this section includes the furnishing of labor, equipment, and materials 
for modification of existing fire alarm system as indicated on the drawings and 
specifications.  Owner’s vendor, Wayman Fire Protection, 888-492-9626. 

B. Intent is for the contractor to add new devices to the existing fire alarm system. Carbon 
monoxide detection in multi-criteria detectors should alarm the system, not cause a 
supervisory signal. Shop drawings should show new wiring. 

C. Existing fire alarm control panel is: 
 

1. Bozorth Hall: Edwards EST3 panel.   

2. Hawthorn Hall: Edwards iO series panel.   

 

D. The Fire Alarm System shall consist of all necessary hardware equipment and software 
programming to perform the following functions: 

 
1. SLC loop expansion with addressable detectors. 

2. Field labeling: Each initiation and notification device shall have a clear, self-adhesive 
label applied that contains minimum 10 pt black lettering indicating the SLC or NAC 
panel loop number and address or number of the device. 

3. A final fire alarm shop drawing as-built will be required at the completion of 
construction. This as-built must show all devices, their address (NAC or SLC) and the 
wiring configuration; wiring configuration means to show the notification and initiation 
wiring sequence from device to device, not the actual wiring location in the building.   

1.3 ACCEPTABLE MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
1. Edwards (Existing fire alarm control panels) 
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1.4 CODES 

A. The system and all associated operations shall be in accordance with the following: 
1. Guidelines of the following Building Code: IBC 2021. 

2. NFPA 72, National Fire Alarm Code 2019 

3. NFPA 70, National Electrical Code 2020 

4. NFPA 101, Life Safety Code 

5. NFPA 90A, Standard for the Installation of Air Conditioning and Ventilating Systems 

6. Other applicable NFPA standards 

7. Local Jurisdictional Adopted Codes and Standards 

8. ADA Accessibility Guidelines 

1.5 SYSTEM DESCRIPTION 

A. Wiring/Signal Transmission: 
1. Transmission shall be addressable signal transmission, dedicated to fire alarm 

service only. 

2. System connections for initiating (signaling) circuits and notification appliance circuits 
shall be Class B. 

3. Circuit Supervision: Circuit faults shall be indicated by a trouble signal at the FACP. 
Provide a distinctive indicating audible tone and alphanumeric annunciation. 

1.6 SUBMITTALS 

A. General: Submit the following according to Conditions of Contract and Division 01 
Specification Sections. 
1. Product data sheets for system components highlighted to indicate the specific 

products, features, or functions required to meet this specification.  Alternate or as-
equal products submitted under this contract must provide a detailed line-by-line 
comparison of how the submitted product meets, exceeds, or does not comply with 
this specification. 

2. Wiring diagrams from manufacturer. 

3. Shop drawings:  Provide shop drawings showing equipment/device locations and 
connecting wiring of entire fire alarm system.  Include wiring and riser diagrams, the 
candela values for all strobes and full battery & voltage drop calculations for the 
system.  The shop drawings are required to be signed and sealed (both digitally 
signed and embossed) by a NJ Professional Engineer due to the need to submit to 
the NJ DCA.   

4. System Power and battery charts with performance graphs and voltage drop 
calculations to assure that the system will operate per the prescribed backup time 
periods and under all voltage conditions per all applicable standards. 

5. Provide copies of NICET Level II Fire Alarm certifications for at least two (2) 
technicians assigned to this project. 

6. System operation description including method of operation and supervision of each 
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type of circuit and sequence of operations for all manually and automatically initiated 
system inputs and outputs. A list of all input and output points in the system shall be 
provided with a label indicating location or use of SLC, NAC, RAC, Sensor, and 
auxiliary control circuits. 

7. Operation and maintenance data for inclusion in Operating and Maintenance Manual. 
Include data for each type product, including all features and operating sequences, 
both automatic and manual. Provide the names, addresses, and telephone numbers 
of service organizations. 

8. Record of field tests of system. 

9. Record Shop Drawings:  A final fire alarm mass notification shop drawing as-built will 
be required at each building at the completion of construction.  This as-built must 
show all devices, their address (NAC or SLC) and the wiring configuration; wiring 
configuration means to show the notification and initiation wiring sequence from 
device to device, not the actual wiring location in the building.  The goal is to have an 
accurate shop drawing showing how the fire alarm and mass notification system is 
wired in the building. 

1.7 QUALITY ASSURANCE 

A. Installer Qualifications: A factory authorized installer is to perform the work of this section. 

B. The system controls shall be UL listed for Power Limited Applications per NEC 760.  All 
circuits must be marked in accordance with NEC article 760-23. 

C. Installer's Qualifications:  Firm with at least 5 years of successful installation experience 
on projects with fire alarm systems work similar to that required for this project.  At least 
one NICET Level 2 technician shall be on site at all times during the fire alarm 
installation.  The installer shall have a NICET Level 3 technician visit the site at least one 
time per week during the fire alarm installation to review and approve the installation. 
1. Firm with manufacturer’s factory trained personnel. 

2. Firm with factory authorized service organization and spare parts stock. 

3. All control equipment must have transient protection devices to comply with UL 864 
requirements. In addition to the UL-UOJZ requirement mentioned above, the system 
controls shall be UL listed for Power Limited Applications per NEC 760.  All circuits 
must be marked in accordance with NEC article 760-23. 

D. Each and all items of the Fire Alarm System shall be listed as a product of a single fire 
alarm system manufacturer under the appropriate category by Underwriters Laboratories, 
Inc. (UL), and shall bear the "UL" label. 

1.8 EXTRA MATERIALS 

A. General: Furnish extra materials, packaged with protective covering for storage, and 
identified with labels clearly describing contents as follows: 
1. Smoke, Carbon Monoxide and Heat Detectors: Furnish quantity equal to 5 percent of 

the number of units of each type installed but not less than two of each type. 
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1.9 WARRANTY 

A. The Contractor shall provide the Owner with a 2-year warranty on all materials, labor and 
systems from the date of Substantial Completion.  The date of Substantial completion will 
be as set in a letter issued by the Architect – no exceptions.   

PART 2 – PRODUCTS 

2.1 COMPONENTS 

A. Intelligent Devices — General:  Each remote device shall have a microprocessor with 
non-volatile memory to support its functionality and serviceability.  Each device shall 
store as required for its functionality the following data: device serial number, device 
address, device type, personality code, date of manufacture, hours in use, time and date 
of last alarm, amount of environmental compensation left/used, last maintenance date, 
job/project number, current detector sensitivity values, diagnostic information (trouble 
codes) and algorithms required to process sensor data and perform communications with 
the loop controller.  Each device shall be capable of electronic addressing, either 
automatically or application programmed assigned, to support physical/electrical mapping 
and supervision by location.  Setting a device’s address by physical means shall not be 
necessary. 

B. Intelligent Detectors — General:  The System Intelligent Detectors shall be capable of full 
digital communications using both broadcast and polling protocol.  Each detector shall be 
capable of performing independent fire detection algorithms.  The fire detection algorithm 
shall measure sensor signal dimensions, time patterns and combine different fire 
parameters to increase reliability and distinguish real fire conditions from unwanted 
deceptive nuisance alarms.  Signal patterns that are not typical of fires shall be 
eliminated by digital filters.  Devices not capable of combining different fire parameters or 
employing digital filters shall not be acceptable.  Each detector shall have an integral 
microprocessor capable of making alarm decisions based on fire parameter information 
stored in the detector head.  Distributed intelligence shall improve response time by 
decreasing the data flow between detector and analog loop controller.  Detectors not 
capable of making independent alarm decisions shall not be acceptable.  Maximum total 
analog loop response time for detectors changing state shall be 0.5 seconds. Each 
detector shall have a separate means of displaying communication and alarm status.  A 
green LED shall flash to confirm communication with the analog loop controller.  A red 
LED shall flash to display alarm status. The detector shall be capable of identifying up to 
32 diagnostic codes.  This information shall be available for system maintenance.  The 
diagnostic code shall be stored at the detector. Each smoke detector shall be capable of 
transmitting pre-alarm and alarm signals in addition to the normal, trouble and need 
cleaning information.  It shall be possible to program control panel activity to each level.  
Each smoke detector may be individually programmed to operate at any one of five (5) 
sensitivity settings.  Each detector microprocessor shall contain an environmental 
compensation algorithm that identifies and sets ambient “Environmental Thresholds” 
approximately six times an hour.  The microprocessor shall continually monitor the 
environmental impact of temperature, humidity, other contaminates as well as detector 
aging.  The process shall employ digital compensation to adapt the detector to both 24-
hour long term and 4-hour short-term environmental changes.  The microprocessor shall 
monitor the environmental compensation value and alert the system operator when the 
detector approaches 80% and 100% of the allowable environmental compensation value.  
Differential sensing algorithms shall maintain a constant differential between selected 
detector sensitivity and the “learned” base line sensitivity.  The base line sensitivity 
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information shall be updated and permanently stored at the detector approximately once 
every hour. The intelligent analog detectors shall be suitable for mounting on any 
Signature Series detector mounting base. 

C. Intelligent Modules — General:  It shall be possible to address each Intelligent Signature 
Series module without the use of DIP or rotary switches.  Devices using DIP switches for 
addressing shall not be acceptable.  The personality of multifunction modules shall be 
programmable at site to suit conditions and may be changed at any time using a 
personality code downloaded from the Analog Loop Controller.  Modules requiring 
EPROM, PROM, ROM changes or DIP switch and/or jumper changes shall not be 
acceptable.  The modules shall have a minimum of 2 diagnostic LEDs mounted behind a 
finished cover plate.  A green LED shall flash to confirm communication with the loop 
controller.  A red LED shall flash to display alarm status.  The module shall be capable of 
storing up to 24 diagnostic codes which can be retrieved for troubleshooting assistance.  
Input and output circuit wiring shall be supervised for open and ground faults.  The 
module shall be suitable for operation in the following environment:  Temperature: 32oF 
to 120oF (0oC to 49oC), Humidity: 0-93% RH, non-condensing. 

D. Single Input Module, SIGA-CT1 (Waterflow Detectors, Tamper Switches etc.):  Provide 
intelligent single input modules SIGA-CT1.  The Single Input Module shall provide one (1) 
supervised Class B input circuit capable of a minimum of 4 personalities, each with a 
distinct operation.  The module shall be suitable for mounting on North American 2 ½” 
(64mm) deep 1-gang boxes and 1 ½” (38mm) deep 4” square boxes with 1-gang covers.  
The single input module shall support the following circuit types: Normally-Open Alarm 
Latching (Manual Stations, Heat Detectors, etc.), Normally-Open Alarm Delayed Latching 
(Waterflow Switches), Normally-Open Active Non-Latching (Monitor, Fans, Dampers, 
Doors, etc.), Normally-Open Active Latching (Supervisory, Tamper Switches). 

E. Dual Input Module, SIGA-CT2:  Provide intelligent dual input modules SIGA-CT2.  The 
Dual Input Module shall provide two (2) supervised Class B input circuits each capable of 
a minimum of 4 personalities, each with a distinct operation.  The module shall be 
suitable for mounting on North American 2 ½” deep 1-gang boxes and 1 ½” (38mm) deep 
4” square boxes with 1-gang covers.  The dual input module shall support the following 
circuit types: Normally-Open Alarm Latching (Manual Stations, Heat Detectors, etc.), 
Normally-Open Alarm Delayed Latching (Waterflow Switches), Normally-Open Active 
Non-Latching (Monitor, Fans, Dampers, Doors, etc.), Normally-Open Active Latching 
(Supervisory, Tamper Switches). 

F. Single Input Signal Module, SIGA-CC1:  Provide intelligent single input signal modules 
SIGA-CC1.  The Single Input (Single Riser Select) Signal Module shall provide one (1) 
supervised Class B output circuit capable of a minimum of 2 personalities, each with a 
distinct operation.  When selected as a telephone power selector, the module shall be 
capable of generating its own “ring tone”.  The module shall be suitable for mounting on 
North American 2 ½” (64mm) deep 2-gang boxes and 1 ½” (38mm) deep 4” square 
boxes with 2-gang covers, or European 100mm square boxes.  The single input signal 
module shall support the following operations: Audible/Visible Signal Power Selector 
(Polarized 24 Vdc @ 2A). 

G. Control Relay Module, SIGA-CR:  Provide intelligent control relay modules SIGA-CR.  
The Control Relay Module shall provide one form “R” dry relay contact rated at 2 amps @ 
24 Vdc to control external appliances or equipment shutdown.  The control relay shall be 
rated for pilot duty and releasing systems.  The position of the relay contact shall be 
confirmed by the system firmware.  The control relay module shall be suitable for 
mounting on North American 2 ½” (64mm) deep 1-gang boxes and 1 ½” deep 4” square 
boxes with 1-gang covers. 
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2.2 OTHER DETECTION SYSTEMS 

A. CO and combination CO/Smoke detectors:  Where shown on the drawings, provide and 
install a carbon monoxide or a combination carbon monoxide/smoke detector.  Detectors 
shall be addressable and similar to the addressable detectors specified above. 

2.3 BATTERIES 

A. The battery shall have sufficient capacity to power the fire alarm system for not less than 
twenty-four hours plus 5 minutes of alarm upon a normal AC power failure. 

B. The batteries are to be completely maintenance free. No liquids are required. Fluid level 
checks for refilling, spills, and leakage shall not be required. 

C. If necessary to meet standby requirements, external battery and charger systems may be 
used. 

PART 3 – EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Install system components and all associated devices in accordance with applicable 
NFPA Standards and manufacturer's recommendations. 

B. Installation personnel shall be supervised by persons who are qualified and experienced 
in the installation, inspection, and testing of fire alarm systems.  Examples of qualified 
personnel shall include, but not be limited to, the following: 
1. Factory trained and certified personnel. 

2. National Institute of Certification in Engineering Technologies (NICET) fire alarm level 
II certified personnel. 

3. Personnel licensed or certified by state or local authority. 

3.2 EQUIPMENT INSTALLATION 

A. Furnish and install a complete Fire Alarm & Voice Evacuation System as described 
herein and as shown on the plans.  Include sufficient control unit(s), annunciator(s), 
manual stations, automatic fire detectors, smoke detectors, audible and visible 
notification appliances, wiring, terminations, electrical boxes, and all other necessary 
material for a complete operating system. 

B. Water-Flow and Valve Supervisory Switches: Connect for each sprinkler valve required to 
be supervised. 

C. Device Location-Indicating Lights: Locate in the public space immediately adjacent to the 
device they monitor. 

D. Label all fire alarm devices with the initiation circuit and device number as well as the 
notification circuit and device number.  All labeling shall exactly match the as-built shop 
drawings, which shall be submitted with the O&M manuals. 
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E. Each of the following types of devices or equipment shall be provided with supervised 
circuits as shown on the drawings but shall be typically as follows: 
1. Sprinkler Valve Supervisory Switches:  Provide one (1) supervisory module circuit for 

each sprinkler valve supervisory switch. 

2. When waterflow and tamper switches exist at the same location, provide one (1) dual 
input addressable module. When odd numbers of devices exist at a single location, 
provide additional single input addressable modules. 

F. Each of the following types of alarm notification appliances shall be circuited as shown on 
the drawings but shall be typically as follows: 
1. Audible Signals:  Provide sufficient spare capacity to assure that the addition of five 

(5) audible devices can be supported without the need for addition control 
components (power supplies, signal circuit modules, amplifiers, batteries, etc.) 

2. Visual Signals Provide sufficient spare capacity to assure that the addition of three 
(3) visual devices can be supported without the need for addition control components 
(power supplies, signal circuit modules, batteries, etc.) 

3.3 WIRING INSTALLATION 

A. System Wiring: Wire and cable shall be MC cable type FPLP and shall be acceptable to 
the Authority Having Jurisdiction (AHJ) and shall be installed in accordance with the 
appropriate articles from the current approved edition of NFPA 70: National Electric Code 
(NEC).  Refer to Division 26 Section “Low Voltage Electrical Power Conductors and 
Cables” for acceptable locations for type MC cable vs. individual conductors in raceway – 
provide fire alarm wiring in conduit in Boiler Rooms, penthouses, electrical rooms, 
sprinkler rooms, public areas with exposed ceilings, above non-accessible ceilings, in 
block walls, and the like. 
1. Standard FPLP or FPLR cabling shall not be used.  See MC cable FPLP 

requirements above. 

B. Each addressable analog loop shall be circuited so device loading is not to exceed 80% 
of loop capacity in order to leave for space for future devices.  The loop shall have Class 
A operation.  Isolation protection between every 50 devices is not required, as it is 
removed in NFPA 72. 

C. Contractor shall obtain from the Fire Alarm System Manufacturer written instruction 
regarding the appropriate wire/cable sizes and types (shielded and non-shielded) to be 
used for this installation. No deviation from the written instruction shall be made by the 
Contractor without the prior written approval of the Fire Alarm System Manufacturer. 

D. Color Coding: Color-code fire alarm conductors differently from the normal building power 
wiring. Paint fire alarm system junction boxes and covers red. 

3.4 FIELD QUALITY CONTROL 

A. Manufacturer's Field Services: Provide services of a factory-authorized service 
representative to supervise the field assembly and connection of components and the 
pretesting, testing, and adjustment of the system. 

B. Service personnel shall be qualified and experienced in the inspection, testing, and 
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maintenance of fire alarm systems.  Examples of qualified personnel shall be permitted to 
include, but shall not be limited to, individuals with the following qualifications: 
1. Factory trained and certified. 

2. National Institute for Certification in Engineering Technologies (NICET) fire alarm 
certified. 

3. International Municipal Signal Association (IMSA) fire alarm certified. 

4. Certified by a state or local authority. 

5. Trained and qualified personnel employed by an organization listed by a national 
testing laboratory for the servicing of fire alarm systems. 

C. Pretesting: Determine, through pretesting, the conformance of the system to the 
requirements of the Drawings and Specifications. Correct deficiencies observed in 
pretesting. Replace malfunctioning or damaged items with new and retest until 
satisfactory performance and conditions are achieved. 

D. Final Test Notice: Provide a 10-day minimum notice in writing when the system is ready 
for final acceptance testing. 

E. Minimum System Tests: Test the system according to the procedures outlined in NFPA 
72. 

F. Retesting: Correct deficiencies indicated by tests and completely retest work affected by 
such deficiencies. Verify by the system test that the total system meets the Specifications 
and complies with applicable standards. 

G. Report of Tests and Inspections: Provide a written record of inspections, tests, and 
detailed test results in the form of a test log. 

H. Final Test, Certificate of Completion, and Certificate of Occupancy: 
1. Test the system as required by the Authority Having Jurisdiction in order to obtain a 

certificate of occupancy. 

3.5 CLEANING AND ADJUSTING 

A. Cleaning: Remove paint splatters and other spots, dirt, and debris. Clean unit internally 
using methods and materials recommended by manufacturer. 

B. Occupancy Adjustments: When requested within one year of date of Substantial 
Completion, provide on-site assistance in adjusting sound levels and adjusting controls 
and sensitivities to suit actual occupied conditions. Provide up to three visits to the site for 
this purpose. 

3.6 TRAINING 

A. Provide the services of a factory-authorized service representative to demonstrate the 
system and train Owner's maintenance personnel as specified below. 
1. Train Owner's maintenance personnel in the procedures and schedules involved in 

operating, troubleshooting, servicing, and preventive maintaining of the system.  

2. Schedule training with the Owner at least seven days in advance. 
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SECTION 230000 – MECHANICAL SUMMARY OF WORK 
 
 
PART 1 – GENERAL 
   
 
1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions 
and other Divisions Specification Sections, apply to this Section. 

 
B. The requirements of all other sections of Division 23 apply to this section. 

 
1.2  WARRANTY FOR PROJECT 
 

A.  The Contractor shall provide the Owner with a 2-year warranty on all materials, labor and 
systems from the date of Substantial Completion.  The date of Substantial completion will be as 
set in a letter issued by the Architect – no exceptions. 

 
1.3  DEFINITIONS 
 

A.  For a complete list of definitions for this contract refer to the Division 1 specifications. 
 

B.  Provide:  Means to provide, install and make the equipment/system completely functional and 
operational with testing, commissioning and training. 

 
C.  Install:  Means to provide, install and make the equipment/system completely functional and 

operational with testing, commissioning and training. 
 
1.4 SCOPE OF WORK 
 

A. The following description of work will use the following abbreviations: 
1. General Contractor – GC 
2. Electrical Contractor – EC 
3. Mechanical Contractor (HVAC) – MC 

 
B.      Work Included:  It is the intent of these specifications and the accompanying drawings that the 

Contractor shall, unless otherwise specified herein, furnish all labor, materials, tools, and 
equipment necessary, together with the necessary accessories to constitute a satisfactory and 
complete installation, to complete the installation of the mechanical work, as indicated on the 
drawings and described hereinafter.  The Contractor shall properly install, equip, adjust and put 
in perfect condition, the respective portions of the work specified, and to so interconnect the 
various items or sections of the work to form a complete and properly operating whole.  The 
work shall consist of, but shall not necessarily be limited to the following: 

 
1. For detailed scope of work for each mechanical system, refer to the respective 

 Division 23 specification sections. 
2. Provide demolition of materials indicated on the drawings. 
3. Remove heat exchangers and all associated, hot water piping, steam piping shown. 

Remove associated drain piping, condensate pumps, vent piping and controls as 
noted on the contract documents. 

4.            Remove all heating hot water piping and steam piping to points indicated including 
valves, hangers, supports, appurtenances and associated hangers, supports and 
insulation shown on the drawings.  
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5.            Remove hot water and chilled water pumps and all associated, hot water piping, 
chilled water piping to limits shown. Remove associated supports and controls as 
noted on the contract documents. 

6.            Remove exhaust fans and all associated supports and controls as noted on the 
contract documents. 

7.  Provide unit heaters and all associated hot water piping and controls as noted on the 
 contract documents. 

8.  Provide and install new exhaust fans and associated ductwork, hangers, supports, 
 dampers, and controls and wiring. 

9. Provide and install boiler systems and all associated hot water piping and gas piping. 
Provide associated pumps, expansion tanks, air separators, breeching and controls as 
noted on the contract documents. 

10.  Provide and install pressure motive condensate pump, flash tank and all associated, 
steam and  condensate piping. Provide associated supports, valves and controls as 
noted on  the contract documents. 

11.           Provide all new piping, ductwork, & equipment insulation. 
12.  Provide complete system balancing at the completion of the project per contract 

 specifications. 
13. Provide all associated control equipment required unless otherwise noted.  
14. Providing all necessary permits, approvals, fees, etc. 
15. Provide instructions to the owner as outlined in these Specifications. 
16.  Provide all cutting and patching as required to perform the work of this contract. 
17. Provide all necessary rigging as required to perform the work of this contract. 
18.  Provide manufacturer startup for all systems specified as outlined in these 

 Specifications. 
19. Provide removal of trash and general clean-up. 
20. Provide as-built drawings. 
21. Provide operation and maintenance manuals. 
22. Employ the services of the local Underwriters' Inspection Agency and pay for all 

 associated fees. 
23.  Completion Date:  All HVAC work shall be completed on the date of substantial 

 completion for the project as set in the Division 1 specifications. 

C.       The work shall include all materials, equipment and systems shown on the drawings and work 
for other Divisions required to complete all the work ready for operation. 

D. The Contractor shall provide all labor, material, equipment and services for the complete and 
proper installation and operation of the electrical work as indicated, required or implied by the 
drawings and as specified herein. 

E. All of the specifications listed and all of the drawings listed are part of the Contract Documents 
of the Contractor.  The Contractor shall review all drawings and specification divisions to 
determine the full scope of his work. 

F. It will be the responsibility of the Contractor to examine all Drawings (Architectural, Structural, 
Mechanical, Electrical and Plumbing) to determine the full extent of the work. All field 
measurements and verifications of conditions and materials will be the obligation of the 
Contractor. The submission of a Proposal by the Contractor will be considered an indication that 
all work, in compliance with these specifications and the drawings, has been included in the 
Proposal. It will also be considered an indication that a thorough review of conditions, materials, 
and all related specifications have been investigated by the Contractor, and the results of such 
investigations have been included in the Contractor's Proposal. 

 
G. Coordination Between Mechanical (MC), Electrical (EC) and Plumbing (PC) Contractors: 

 
1. The Electrical Contractor shall: 
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a. Receive and set the motor starters as provide by the Mechanical and Plumbing 

Contractors. 
b. Provide power wiring, including final connection of same, from source to starters or 

contactors to motors. 
c. Receive and install the wall-mounted electrical control devices, thermal switches, etc., 

and provide all wiring for same. 
d. Provide all fused or unfused disconnect switches and circuit breakers not supplied as 

part of the HVAC system and as required by the National Electrical Code, or as 
shown on the drawings, or as specified. 

e. Adjust connections to electrical motors to insure proper rotation. 
f. Provide duct detectors and tubes to the MC for installation in the ductwork.  EC shall 

wire and program the duct detectors and remote test stations into the fire alarm 
system. 

 
2. The Mechanical Contractor will: 

 
a. Furnish and set all motors for mechanical equipment. 
b. Furnish all motor starters, starter/disconnects, HVAC unit mounted disconnects, 

contactors, pushbuttons and switches for local and remote control of all HVAC 
equipment and turn over to the Electrical Contractor for installation. 

c. Provide pre-wired control panels, including relays, switches, pilot lights, etc., all as 
shown and/or specified, complete with wiring to numbered terminal strips. 

d. Furnish and install duct and pipe-mounted control devices, such as freezestats, 
aquastats, flow switches, etc. 

e. Furnish wiring diagrams for the systems, in sufficient time to allow roughing-in of 
conduit in accordance with the proposed work schedule. 

f. Provide all control wiring including 120V controls, 120V power and 120/24V control 
power transformers as required for a complete and fully functional HVAC DDC 
control system. 

 
1.5  WARRANTY 
 

A.  Contractors shall note that all equipment warranties, as described in the various sections of the 
Specifications, will begin after Substantial Completion. It will not make any difference when 
equipment is ordered, delivered or installed, warranties will commence after the Architect issues 
his letter of “Substantial Completion.” 

  
B.      All equipment is to include factory start-up unless the Contractor receives written permission, 

from the owner, for Contractor start-up. Copies of the start-up report must be included with the 
Request for Final Payment, otherwise final payment will be withheld until the factory reports are 
submitted. 

 
C.  All equipment furnished for this Owner shall include a one-year warranty on parts and labor.  

This warranty shall supercede all notations in all the other Division 23 specification sections. 
 
PART 2 - PRODUCTS (Not applicable). 
 
PART 3 - EXECUTION (Not applicable). 
 
 

END OF SECTION 230000 
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SECTION 230500 – COMMON WORK RESULTS FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 
1. Sleeves. 
2. Grout. 
3. Equipment installation requirements common to equipment sections. 
4. Painting and finishing. 
5. Supports and anchorages. 
6. Concrete Bases 

1.3 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred 
spaces, pipe and duct chases, unheated spaces immediately below roof, spaces above ceilings, 
unexcavated spaces, crawlspaces, and tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied 
spaces and mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient 
temperatures and weather conditions.  Examples include rooftop locations. 

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by 
building occupants.  Examples include above ceilings and chases. 

E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions 
and physical contact by building occupants but subject to outdoor ambient temperatures.  
Examples include installations within unheated shelters. 

F. The following are industry abbreviations for plastic materials: 

1. CPVC:  Chlorinated polyvinyl chloride plastic. 
2. PE:  Polyethylene plastic. 
3. PVC:  Polyvinyl chloride plastic. 

G. The following are industry abbreviations for rubber materials: 

1. EPDM:  Ethylene-propylene-diene terpolymer rubber. 
2. NBR:  Acrylonitrile-butadiene rubber. 
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1.4 SUBMITTALS 

A. Product Data:  For the following: 

1. Transition fittings. 
2. Dielectric fittings. 
3. Mechanical sleeve seals. 
4. Escutcheons. 

B. Welding certificates. 

1.5 QUALITY ASSURANCE 

A. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural 
Welding Code--Steel." 

B. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure 
Vessel Code:  Section IX, "Welding and Brazing Qualifications." 

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping." 
2. Certify that each welder has passed AWS qualification tests for welding processes 

involved and that certification is current. 

C. Electrical Characteristics for HVAC Equipment:  Equipment of higher electrical characteristics 
may be furnished provided such proposed equipment is approved in writing and connecting 
electrical services, circuit breakers, and conduit sizes are appropriately modified.  If minimum 
energy ratings or efficiencies are specified, equipment shall comply with requirements. 

1.6 DELIVERY, STORAGE, AND HANDLING 

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

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

1.7 COORDINATION 

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

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

C. Coordinate requirements for access panels and doors for HVAC items requiring access that are 
concealed behind finished surfaces.  Access panels and doors are specified in Division 08 
Section "Access Doors and Frames." 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the following 
requirements apply for 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, 
the manufacturers specified. 

2. Manufacturers:  Subject to compliance with requirements, provide products by the 
manufacturers specified. 

2.2 JOINING MATERIALS 

A. Refer to individual Division 23 piping Sections for special joining materials not listed below. 

B. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 
contents. 

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch (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. 

C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping 
system manufacturer, unless otherwise indicated. 

E. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 
ASTM B 813. 

F. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty 
brazing, unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, 
unless otherwise indicated. 

G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall 
thickness and chemical analysis of steel pipe being welded. 

H. Solvent Cements for Joining Plastic Piping: 

1. CPVC Piping:  ASTM F 493. 
2. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656. 

I. Fiberglass Pipe Adhesive:  As furnished or recommended by pipe manufacturer. 
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2.3 SLEEVES 

A. Galvanized-Steel Sheet:  0.0239-inch (0.6-mm) minimum thickness; round tube closed with 
welded longitudinal joint. 

2.4 GROUT 

A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout. 

1. Characteristics:  Post-hardening, volume-adjusting, nonstaining, noncorrosive, 
nongaseous, and recommended for interior and exterior applications. 

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

PART 3 - EXECUTION 

3.1 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to allow maximum possible headroom unless specific mounting heights are 
not indicated. 

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

C. Install HVAC equipment to facilitate service, maintenance, and repair or replacement of 
components.  Connect equipment for ease of disconnecting, with minimum interference to other 
installations.  Extend grease fittings to accessible locations. 

D. Install equipment to allow right of way for piping installed at required slope. 

3.2 PAINTING 

A. Painting of HVAC systems, equipment, and components is specified in Division 09 Sections 
"Interior Painting" and "Exterior Painting." 

B. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 
procedures to match original factory finish. 

3.3 ERECTION OF METAL SUPPORTS AND ANCHORAGES 

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

B. Field Welding:  Comply with AWS D1.1. 



Boiler Project at Bozorth Hall and Hawthorn Hall 
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 
 

 
DIVISION 23   COMMON WORK RESULTS FOR HVAC  230500 – 5 of 5 
Permitting and Bidding  

3.4 GROUTING 

A. Mix and install grout for HVAC equipment base bearing surfaces, pump and other equipment 
base plates, and anchors. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placement of grout. 

E. Place grout, completely filling equipment bases. 

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

G. Place grout around anchors. 

H. Cure placed grout. 

3.5 CONCRETE BASES 

A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer's 
written instructions. 

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

2. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise 
indicated, install dowel rods on 18-inch centers around the full perimeter of the base. 

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

4. Place and secure anchorage devices.  Use supported equipment manufacturer's setting 
drawings, templates, diagrams, instructions, and directions furnished with items to be 
embedded. 

5. Install anchor bolts to elevations required for proper attachment to supported equipment. 
6. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 
7. Use 3000-psi, 28-day compressive-strength concrete and reinforcement. 

END OF SECTION 230500 
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SECTION 230513 – COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, general-purpose, 
horizontal, small and medium, squirrel-cage induction motors for use on ac power systems up to 
600 V and installed at equipment manufacturer's factory or shipped separately by equipment 
manufacturer for field installation. 

1.3 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices to be compatible with the 
following: 

1. Motor controllers. 
2. Torque, speed, and horsepower requirements of the load. 
3. Ratings and characteristics of supply circuit and required control sequence. 
4. Ambient and environmental conditions of installation location. 

PART 2 - PRODUCTS 

2.1 GENERAL MOTOR REQUIREMENTS 

A. Comply with requirements in this Section except when stricter requirements are specified in 
HVAC equipment schedules or Sections. 

B. Comply with NEMA MG 1 unless otherwise indicated. 

C. Comply with IEEE 841 for severe-duty motors. 

2.2 MOTOR CHARACTERISTICS 

A. Duty:  Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet above 
sea level. 

B. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected 
loads at designated speeds, at installed altitude and environment, with indicated operating 
sequence, and without exceeding nameplate ratings or considering service factor. 
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2.3 POLYPHASE MOTORS 

A. Description:  NEMA MG 1, Design B, medium induction motor. 

B. Efficiency:  Energy efficient, as defined in NEMA MG 1. 

C. Service Factor:  1.15. 

D. Multispeed Motors:  Variable torque. 

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

E. Multispeed Motors:  Separate winding for each speed. 

F. Rotor:  Random-wound, squirrel cage. 

G. Bearings:  Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading. 

H. Temperature Rise:  Match insulation rating. 

I. Insulation:  Class F 

J. Code Letter Designation: 
1. Motors Smaller than 15 HP:  Manufacturer's standard starting characteristic. 

K. Enclosure Material:  Cast iron for motor frame sizes 324T and larger; rolled steel for motor 
frame sizes smaller than 324T. 

2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS 

A. Motors Used with Reduced-Vo – COMMON MOTOR REQUIREMENTS ltage and Multispeed 
Controllers:  Match wiring connection requirements for controller with required motor leads.  
Provide terminals in motor terminal box, suited to control method. 

1. Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and 
tested to resist transient spikes, high frequencies, and short time rise pulses produced by 
pulse-width modulated inverters. 

2. Energy- and Premium-Efficient Motors:  Class B temperature rise; Class F insulation. 
3. Inverter-Duty Motors:  Class F temperature rise; Class H insulation. 
4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected 

motors. 

B. Severe-Duty Motors:  Comply with IEEE 841, with 1.15 minimum service factor. 

2.5 SINGLE-PHASE MOTORS 

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and requirements 
of specific motor application: 

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

B. Multispeed Motors:  Variable-torque, permanent-split-capacitor type. 

C. Bearings:  Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and 
thrust loading. 

D. Motors 1/20 HP and Smaller:  Shaded-pole type. 

E. Thermal Protection:  Internal protection to automatically open power supply circuit to motor 
when winding temperature exceeds a safe value calibrated to temperature rating of motor 
insulation.  Thermal-protection device shall automatically reset when motor temperature returns 
to normal range. 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 230513 
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SECTION 230519 – METERS AND GAGES FOR HVAC PIPING  

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Thermometers. 
2. Gages. 
3. Thermowells 
4. Test plugs. 

1.3 DEFINITIONS 

A. CR:  Chlorosulfonated polyethylene synthetic rubber. 

B. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated; include performance curves. 

B. Shop Drawings:  Schedule for thermometers and gages indicating manufacturer's number, 
scale range, and location for each. 

C. Product Certificates:  For each type of thermometer and gage, signed by product manufacturer. 

PART 2 - PRODUCTS 

2.1 METAL-CASE, LIQUID-IN-GLASS THERMOMETERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Palmer - Wahl Instruments Inc. 
2. Trerice, H. O. Co. 
3. Weiss Instruments, Inc. 
4. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div. 

B. Case:  Die-cast aluminum or brass, 9 inches long. 
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C. Tube:  Red or blue reading, mercury or organic-liquid filled, with magnifying lens. 

D. Tube Background:  Satin-faced, nonreflective aluminum with permanently etched scale 
markings. 

E. Window:  Glass or plastic. 

F. Connector:  Adjustable type, 180 degrees in vertical plane, 360 degrees in horizontal plane, with 
locking device. 

G. Stem:  Copper-plated steel, aluminum, or brass for thermowell installation and of length to suit 
installation. 

H. Accuracy:  Plus or minus 1 percent of range or plus or minus 1 scale division to maximum of 1.5 
percent of range. 

2.2 THERMOWELLS 

A. Manufacturers:  Same as manufacturer of thermometer being used. 

B. Description:  Pressure-tight, socket-type metal fitting made for insertion into piping and of type, 
diameter, and length required to hold thermometer. 

2.3 PRESSURE GAGES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. AMETEK, Inc.; U.S. Gauge Div. 
2. Ashcroft Commercial Instrument Operations; Dresser Industries; Instrument Div. 
3. Ernst Gage Co. 
4. Eugene Ernst Products Co. 
5. KOBOLD Instruments, Inc. 
6. Marsh Bellofram. 
7. Miljoco Corp. 
8. Noshok, Inc. 
9. Palmer - Wahl Instruments Inc. 
10. REO TEMP Instrument Corporation. 
11. Trerice, H. O. Co. 
12. Weiss Instruments, Inc. 
13. Weksler Instruments Operating Unit; Dresser Industries; Instrument Div. 
14. WIKA Instrument Corporation. 
15. Winters Instruments. 

B. Direct-Mounting, Dial-Type Liquid Filled Pressure Gages:  Indicating-dial type complying with 
ASME B40.100. 

1. Case:  Dry type, drawn steel or cast aluminum, 4-1/2-inch diameter. 
2. Pressure-Element Assembly:  Bourdon tube, unless otherwise indicated. 
3. Pressure Connection:  Brass, NPS 1/4, bottom-outlet type unless back-outlet type is 

indicated. 
4. Movement:  Mechanical, with link to pressure element and connection to pointer. 
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5. Dial:  Satin-faced, nonreflective aluminum with permanently etched scale markings. 
6. Pointer:  Red or other dark-color metal. 
7. Window:  Glass or plastic. 
8. Fill: Glycerin 
9. Ring:  Metal. 
10. Accuracy:  Grade A, plus or minus 1 percent of middle half scale. 
11. Vacuum-Pressure Range:  30-in. Hg of vacuum to 15 psig of pressure. 
12. Range for Fluids under Pressure:  Two times operating pressure. 

C. Pressure-Gage Fittings: 

1. Valves:  NPS 1/4 brass or stainless-steel needle type. 
2. Snubbers:  ASME B40.5, NPS 1/4 brass bushing with corrosion-resistant, porous-metal 

disc of material suitable for system fluid and working pressure. 

2.4 TEST PLUGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Flow Design, Inc. 
2. MG Piping Products Co. 
3. National Meter, Inc. 
4. Peterson Equipment Co., Inc. 
5. Sisco Manufacturing Co. 
6. Trerice, H. O. Co. 
7. Watts Industries, Inc.; Water Products Div. 

B. Description:  Corrosion-resistant brass or stainless-steel body with core inserts and gasketed 
and threaded cap, with extended stem for units to be installed in insulated piping. 

C. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F. 

D. Core Inserts:  One or two self-sealing rubber valves. 

1. Insert material for air, water, oil, or gas service at 20 to 200 deg F shall be CR. 
2. Insert material for air or water service at minus 30 to plus 275 deg F shall be EPDM. 

PART 3 - EXECUTION 

3.1 THERMOMETER APPLICATIONS 

A. Install liquid-in-glass thermometers in the following locations: 

1. Inlet and outlet of each hydronic zone. 
2. Inlet and outlet of each hydronic coil in air-handling units and unit ventilators. 
3. Elsewhere as indicated on Drawings. 

B. Provide the following temperature ranges for thermometers: 

1. Water:  30 to 240 deg F, with 2-degree scale divisions. 
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3.2 GAGE APPLICATIONS 

A. Install dry-case-type pressure gages for discharge of each pressure-reducing valve and 
elsewhere as indicated on Drawings. 

3.3 INSTALLATIONS 

A. Install direct-mounting thermometers and adjust vertical and tilted positions. 

B. Install thermowells with socket extending one-third of diameter of pipe and in vertical position in 
piping tees where thermometers are indicated. 

C. Install direct-mounting pressure gages in piping tees with pressure gage located on pipe at most 
readable position. 

D. Install needle-valve and snubber fitting in piping for each pressure gage. 

E. Install test plugs in tees in piping. 

3.4 CONNECTIONS 

A. Install meters and gages adjacent to machines and equipment to allow service and 
maintenance for meters, gages, machines, and equipment. 

 
 
 

END OF SECTION 230519 
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SECTION 230523 - GENERAL-DUTY VALVES FOR PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Bronze ball valves. 
2. Iron, grooved-end butterfly valves. 
3. Bronze swing check valves. 
4. Iron, grooved-end swing-check valves. 
5. Gate Valves 

 

B. Related Sections: 

1. Division 23 HVAC piping Sections for specialty valves applicable to those Sections only. 
2. Division 23 Section "Identification for HVAC Piping and Equipment" for valve tags and 

schedules. 

1.3 DEFINITIONS 

A. CWP:  Cold working pressure. 

B. EPDM:  Ethylene propylene copolymer rubber. 

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

D. NRS:  Non-rising stem. 

E. OS&Y:  Outside screw and yoke. 

F. RS:  Rising stem. 

G. SWP:  Steam working pressure. 

1.4 SUBMITTALS 

A. Product Data:  For each type of valve indicated. 
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1.5 QUALITY ASSURANCE 

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

B. ASME Compliance: 

1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria. 
2. ASME B31.1 for power piping valves. 
3. ASME B31.9 for building services piping valves. 

C. To assure uniformity and compatibility, all grooved end valves and adjoining couplings shall be 
the products of a single manufacturer. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 

1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, grooved ends, and weld ends. 
3. Set angle, gate, and globe valves closed to prevent rattling. 
4. Set ball and plug valves open to minimize exposure of functional surfaces. 
5. Set butterfly valves closed or slightly open. 
6. Set gate valves closed to prevent rattling. 

B. Use the following precautions during storage: 

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

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

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

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR VALVES 

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

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

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

D. Valve Actuator Types: 

1. Gear Actuator:  For quarter-turn valves NPS 8 and larger. 
2. Handwheel:  For valves other than quarter-turn types. 
3. Handlever:  For quarter-turn valves NPS 6 and smaller. 
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4. Chainwheel:  Device for attachment to valve handwheel, stem, or other actuator; of size 
and with chain for mounting height, as indicated in the "Valve Installation" Article. 

E. Valves in Insulated Piping:  With 2-inch stem extensions and the following features: 
1. Ball Valves:  With extended operating handle of non-thermal-conductive material, and 

protective sleeve that allows operation of valve without breaking the vapor seal or 
disturbing insulation. 

2. Butterfly Valves:  With extended neck. 

F. Valve-End Connections: 

1. Flanged:  With flanges according to ASME B16.1 for iron valves. 
2. Grooved:  With grooved ends according to AWWA C606. 
3. Solder Joint:  With sockets according to ASME B16.18. 
4. Threaded:  With threads according to ASME B1.20.1. 

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

2.2 BRONZE BALL VALVES 

A. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Conbraco Industries, Inc.; Apollo Valves. 
b. Milwaukee Valve Company. 
c. NIBCO INC. 
d. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 

2. Description: 

a. Standard:  MSS SP-110. 
b. SWP Rating:  150 psig. 
c. CWP Rating:  600 psig. 
d. Body Design:  Two piece. 
e. Body Material:  Bronze. 
f. Ends:  Threaded. 
g. Seats:  PTFE or TFE. 
h. Stem:  Bronze. 
i. Ball:  Chrome-plated brass. 
j. Port:  Full. 

B. Two-Piece, Full-Port, Brass Ball Valves: 
 

1. Manufacturers:  Subject to compliance with requirements, provide: 
 

a. Victaulic Company, Series P89. 
 

2. Description: 
 

a. Size Range: NPS ½ through NPS 2. 
b. CWP Rating: 300 psig. 
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c. Body Design: Two piece. 
d. Body Material: Brass. 
e. Ends: Plain ends for use with Victaulic QuickVic™ SD Installation-Ready system. 
f. Seats: PTFE. 
g. Seals: Double EPDM O-ring. 
h. Stem: Chrome-plated brass. 
i. Ball: Chrome-plated brass.  
j. Port: Full. 
k. Handle: Zinc-plated carbon steel handle with orange vinyl grip 

2.3 IRON, GROOVED-END BUTTERFLY VALVES 

A. 300 CWP, Iron, Grooved-End Butterfly Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
 
a. Victaulic Company Vic®-300 MasterSeal™ and Vic®-300 AGS. 

2. Description: 

a. Standard:  MSS SP-67, Type I. 
b. CWP Rating:  300 psig. 
c. Body Material:  Coated, ductile iron. 
d. Stem:  Two-piece stainless steel. 
e. Disc:  Coated, ductile iron, offset from stem to provide complete 360-degree 

circumferential seating. 
f. Seal:  EPDM. 

1) Pressure responsive in sizes through NPS 12. 
g. Design:  Continuous 360 degree sealing. 

2.4 BRONZE SWING CHECK VALVES 
 

A. Class 150, Bronze Swing Check Valves with Bronze Disc: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. American Valve, Inc. 
b. Crane Co.; Crane Valve Group; Crane Valves. 
c. Milwaukee Valve Company. 
d. NIBCO INC. 

2. Description: 

a. Standard:  MSS SP-80, Type 3. 
b. CWP Rating:  300 psig. 
c. Body Design:  Horizontal flow. 
d. Body Material:  ASTM B 62, bronze. 
e. Ends:  Threaded. 
f. Disc:  Bronze. 

http://www.specagent.com/LookUp/?ulid=6037&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456829176&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=6044&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456829235&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456829236&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456829240&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456829241&mf=04&src=wd
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2.5 IRON, GROOVED-END SWING CHECK VALVES 

A. Iron, Grooved-End Spring-Assisted Swing Check Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
a. Victaulic Company Series [716H] [716] [779] [W715]. 

2. Description: 
a. NPS 2 to NPS 3 (DN 50 to DN 80), CWP Rating: 365 psig. 
b. NPS 4 to NPS 12 (DN 100 to DN 300) CWP Rating: 300 psig  
c. NPS 14 to NPS 24 (DN 350 to DN 600) CWP Rating: 230 psig. 
d. Body Material:  ASTM A 536, ductile iron. 
e. Seal:  EPDM. 
f. Disc and Seat:  Spring operated.  

1) Elastomer-coated ductile iron with welded-in nickel seat. or  
2) Stainless steel with elastomer seat / seal. 

g. Installation: Vertical or horizontal. 

2.6 STAINLESS STEEL GATE VALVES 

A. Gate Valves, Flanged Ends - Iron, OS&Y, Class 300: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
a. Chicago 
b. Milwaukee Valve Company. 
c. NIBCO INC. 
d. Jamesbury 

2. Standard: ASME B16.34. 
3. CWP Rating, NPS 2-1/2 to NPS 12 (DN 65 to DN 300): 300 psig. 
4. CWP Rating, NPS 14 to NPS 24 (DN 350 to DN 600): 500 psig. 
5. Rated for full water submersion. 
6. Body Material: ASTM A351, 316 Stainless Steel with bolted bonnet. 
7. Ends: Flanged. 
8. Trim: Stainless Steel. 
9. Disc: 316 Stainless Steel Solid wedge. 
10. Packing and Gasket: Asbestos free. 

   

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove 
special packing materials, such as blocks, used to prevent disc movement during shipping and 
handling. 

http://www.specagent.com/LookUp/?ulid=6051&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456829283&mf=04&src=wd
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B. Operate valves in positions from fully open to fully closed.  Examine guides and seats made 
accessible by such operations. 

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

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

E. Examine grooved ends for conditions that might cause leakage.  Ends should be free from 
indentations or projections in the area from valve end to groove. 

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

3.2 VALVE INSTALLATION 

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

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

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

D. Install valves in position to allow full stem movement. 

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

F. Install check valves for proper direction of flow and as follows: 

1. Swing Check Valves:  In horizontal position with hinge pin level. 
2. Lift Check Valves:  With stem upright and plumb. 
3. Grooved End Spring-Loaded Check Valves:  In horizontal or vertical position, between 

Victaulic couplings. 

3.3 ADJUSTING 

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

3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. If valve applications are not indicated, use the following: 

1. Shutoff Service:  Ball, butterfly valves. 
2. Pump-Discharge Check Valves: 

a. NPS 2 and Smaller:  Bronze swing check valves with bronze disc. 
b. NPS 2-1/2 and Larger:  Iron swing check valves with lever and weight or with 

spring or iron, center-guided, metal or resilient-seat check valves. 
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B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves 
with higher SWP classes or CWP ratings may be substituted. 

C. Select valves, except wafer types, with the following end connections: 

1. For Copper Tubing, NPS 2 and Smaller:  Threaded ends except where solder-joint valve-
end option is indicated in valve schedules below. 

2. For Steel Piping, NPS 2-1/2 and Larger:  Flanged ends. 
3. For Grooved-End Steel Piping:  Valve ends may be grooved. 

3.5 HEATING & CHILLED WATER VALVE SCHEDULE 

A. Pipe NPS 2 and Smaller: 

1. Bronze Valves:  May be provided with solder-joint or pressure sealed ends instead of 
threaded ends. 

2. Ball Valves:  Two piece, full port, bronze with bronze trim. 
3. Bronze Swing Check Valves: Class 150, bronze disc. 

B. Pipe NPS 2-1/2 and Larger: 

1. Iron, Grooved-End butterfly valve Class 150. 
2. Iron, Grooved-End Check Valves, NPS 3 to NPS 12:  300 CWP. 

3.6 STEAM & STEAM CONDENSATE VALVE SCHEDULE 

A. Pipe NPS 2 and Smaller: 
1. Stainless Steel Gate Valves:  OS&Y, Class 300 

B. Pipe NPS 2-1/2 and Larger: 
1. Stainless Steel Gate Valves:  OS&Y, Class 300 

END OF SECTION 230523 
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SECTION 230529 – HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following hangers and supports for HVAC system piping and 
equipment: 

1. Steel pipe hangers and supports. 
2. Trapeze pipe hangers. 
3. Metal framing systems. 
4. Thermal-hanger shield inserts. 
5. Fastener systems. 
6. Equipment supports. 

B. Related Sections include the following: 
1. Division 23 Section(s) "Metal Ducts" for duct hangers and supports. 

1.3 DEFINITIONS 

A. MSS:  Manufacturers Standardization Society for The Valve and Fittings Industry Inc. 

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

1.4 PERFORMANCE REQUIREMENTS 

A. Design supports for multiple pipes capable of supporting combined weight of supported 
systems, system contents, and test water. 

B. Design equipment supports capable of supporting combined operating weight of supported 
equipment and connected systems and components. 

1.5 SUBMITTALS 

A. Product Data:  For the following: 

1. Steel pipe hangers and supports. 
2. Thermal-hanger shield inserts. 
3. Powder-actuated fastener systems. 
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B. Welding certificates. 

1.6 QUALITY ASSURANCE 

A. Welding:  Qualify procedures and personnel according to ASME Boiler and Pressure Vessel 
Code:  Section IX. 

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 STEEL PIPE HANGERS AND SUPPORTS 

A. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components.  Refer to Part 3 
"Hanger and Support Applications" Article for where to use specific hanger and support types. 

B. Manufacturers: 

1. AAA Technology & Specialties Co., Inc. 
2. Bergen-Power Pipe Supports. 
3. B-Line Systems, Inc.; a division of Cooper Industries. 
4. Carpenter & Paterson, Inc. 
5. Empire Industries, Inc. 
6. ERICO/Michigan Hanger Co. 
7. Globe Pipe Hanger Products, Inc. 
8. Grinnell Corp. 
9. GS Metals Corp. 
10. National Pipe Hanger Corporation. 
11. PHD Manufacturing, Inc. 
12. PHS Industries, Inc. 
13. Piping Technology & Products, Inc. 
14. Tolco Inc. 
 

C. Galvanized, Metallic Coatings:  Pregalvanized or hot dipped. 

D. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 

E. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion for support of 
bearing surface of piping. 
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2.3 TRAPEZE PIPE HANGERS 

A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from 
structural-steel shapes with MSS SP-58 hanger rods, nuts, saddles, and U-bolts. 

2.4 METAL FRAMING SYSTEMS 

A. Description:  MFMA-3, shop- or field-fabricated pipe-support assembly made of steel channels 
and other components. 

B. Manufacturers: 

1. B-Line Systems, Inc.; a division of Cooper Industries. 
2. ERICO/Michigan Hanger Co.; ERISTRUT Div. 
3. GS Metals Corp. 
4. Power-Strut Div.; Tyco International, Ltd. 
5. Thomas & Betts Corporation. 
6. Tolco Inc. 
7. Unistrut Corp.; Tyco International, Ltd. 

C. Coatings:  Manufacturer's standard finish, unless bare metal surfaces are indicated. 

D. Nonmetallic Coatings:  Plastic coating, jacket, or liner. 

2.5 THERMAL-HANGER SHIELD INSERTS 

A. Description:  100-psig minimum, compressive-strength insulation insert encased in sheet metal 
shield. 

B. Manufacturers: 

1. Carpenter & Paterson, Inc. 
2. ERICO/Michigan Hanger Co. 
3. PHS Industries, Inc. 
4. Pipe Shields, Inc. 
5. Rilco Manufacturing Company, Inc. 

C. Insulation-Insert Material for Cold Piping:  Water-repellent treated, ASTM C 533, Type I calcium 
silicate or ASTM C 552, Type II cellular glass with vapor barrier. 

D. Insulation-Insert Material for Hot Piping:  Water-repellent treated, ASTM C 533, Type I calcium 
silicate or ASTM C 552, Type II cellular glass. 

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

F. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe. 

G. Insert Length:  Extend 2 inches (50 mm) beyond sheet metal shield for piping operating below 
ambient air temperature. 
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2.6 FASTENER SYSTEMS 

A. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement 
concrete with pull-out, tension, and shear capacities appropriate for supported loads and 
building materials where used. 

1. Manufacturers: 

a. Hilti, Inc. 
b. ITW Ramset/Red Head. 
c. Masterset Fastening Systems, Inc. 
d. MKT Fastening, LLC. 
e. Powers Fasteners. 
 

2.7 EQUIPMENT SUPPORTS 

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

2.8 MISCELLANEOUS MATERIALS 

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

B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and 
nonmetallic grout; suitable for interior and exterior applications. 

1. Properties:  Nonstaining, noncorrosive, and nongaseous. 
2. Design Mix:  5000-psi, 28-day compressive strength. 

PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT APPLICATIONS 

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

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

C. Use hangers and supports with galvanized, metallic coatings for piping and equipment that will 
not have field-applied finish. 

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

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

F. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in 
piping system Sections, install the following types: 
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1. Adjustable, Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or 
insulated stationary pipes, NPS 1/2 to NPS 30. 

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

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

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

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

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

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

8. Adjustable, Swivel-Ring Band Hangers (MSS Type 10):  For suspension of noninsulated 
stationary pipes, NPS 1/2 to NPS 2. 

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

10. Extension Hinged or 2-Bolt Split Pipe Clamps (MSS Type 12):  For suspension of 
noninsulated stationary pipes, NPS 3/8 to NPS 3. 

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

contraction. 
13. Single Pipe Rolls (MSS Type 41):  For suspension of pipes, NPS 1 to NPS 30, from 2 

rods if longitudinal movement caused by expansion and contraction might occur. 

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

1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers, NPS 3/4 to 
NPS 20. 

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

H. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 

1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches for heavy loads. 
2. Steel Clevises (MSS Type 14):  For 120 to 450 deg F piping installations. 
3. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split pipe rings. 
4. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to various types of 

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

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

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

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

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

4. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams. 
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5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads 
are considerable and rod sizes are large. 

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

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

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

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

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

by using clip and rod.  Use one of the following for indicated loads: 

a. Light (MSS Type 31):  750 lb. 
b. Medium (MSS Type 32):  1500 lb. 
c. Heavy (MSS Type 33):  3000 lb. 

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

horizontal movement where headroom is limited. 

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

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

2. Protection Shields (MSS Type 40):  Of length recommended in writing by manufacturer to 
prevent crushing insulation. 

3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe. 

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

L. Comply with MFMA-102 for metal framing system selections and applications that are not 
specified in piping system Sections. 

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

3.2 EQUIPMENT SUPPORTS 

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

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

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

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

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

C. Field Welding:  Comply with AWS D1.1 procedures for shielded metal arc welding, appearance 
and quality of welds, and methods used in correcting welding work, and with the following: 

1. Use materials and methods that minimize distortion and develop strength and corrosion 
resistance of base metals. 

2. Obtain fusion without undercut or overlap. 
3. Remove welding flux immediately. 
4. Finish welds at exposed connections so no roughness shows after finishing and contours 

of welded surfaces match adjacent contours. 

3.4 ADJUSTING 

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

3.5 PAINTING 

A. Touch Up:  Clean field welds and abraded areas of shop paint.  Paint exposed areas 
immediately after erecting hangers and supports.  Use same materials as used for shop 
painting.  Comply with SSPC-PA 1 requirements for touching up field-painted surfaces. 

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

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

END OF SECTION 230529 
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SECTION 230553 – IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Equipment labels. 
2. Warning signs and labels. 
3. Pipe labels. 
4. Warning tags. 

1.3 SUBMITTALS 

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

B. Samples:  For color, letter style, and graphic representation required for each identification 
material and device. 

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

1.4 COORDINATION 

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

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

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

PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Metal Labels for Equipment: 

1. Material and Thickness:  Brass, 0.032-inch, Stainless steel, 0.025-inch, Aluminum, 0.032-
inch or anodized aluminum, 0.032-inch minimum thickness, and having predrilled or 
stamped holes for attachment hardware. 
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2. Minimum Label Size:  Length and width vary for required label content, but not less than 
2-1/2 by 3/4 inch. 

3. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 
inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering 
for greater viewing distances.  Include secondary lettering two-thirds to three-fourths the 
size of principal lettering. 

4. Fasteners:  Stainless-steel rivets or self-tapping screws. 
5. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate. 

B. Plastic Labels for Equipment: 

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

2. Letter Color:  Black. 
3. Background Color: White. 
4. Maximum Temperature:  Able to withstand temperatures up to 160 deg F. 
5. Minimum Label Size:  Length and width vary for required label content, but not less than 

2-1/2 by 3/4 inch. 
6. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 

inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering 
for greater viewing distances.  Include secondary lettering two-thirds to three-fourths the 
size of principal lettering. 

7. Fasteners:  Stainless-steel rivets or self-tapping screws. 
8. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate. 

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

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

2.2 WARNING SIGNS AND LABELS 

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

B. Letter Color:  Black. 

C. Background Color: Yellow. 

D. Maximum Temperature:  Able to withstand temperatures up to 160 deg F. 

E. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 
by 3/4 inch. 

F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 
inch for viewing distances up to 72 inches, and proportionately larger lettering for greater 
viewing distances.  Include secondary lettering two-thirds to three-fourths the size of principal 
lettering. 
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G. Fasteners:  Stainless-steel rivets or self-tapping screws. 

H. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate. 

I. Label Content:  Include caution and warning information, plus emergency notification 
instructions. 

2.3 PIPE LABELS 

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

B. Pretensioned Pipe Labels:  Precoiled, semirigid plastic formed to cover full circumference of 
pipe and to attach to pipe without fasteners or adhesive. 

C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-adhesive backing. 

D. Pipe Label Contents:  Include identification of piping service using same designations or 
abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction. 

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

2. Lettering Size:  At least 1-1/2 inches high. 

2.4 WARNING TAGS 

A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags, of plasticized card 
stock with matte finish suitable for writing. 

1. Size:  3 by 5-1/4 inches minimum. 
2. Fasteners:  Brass grommet and wire. 
3. Nomenclature:  Large-size primary caption such as "DANGER," "CAUTION," or "DO NOT 

OPERATE." 
4. Color:  Yellow background with black lettering. 

PART 3 - EXECUTION 

3.1 PREPARATION 

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

3.2 EQUIPMENT LABEL INSTALLATION 

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

B. Locate equipment labels where accessible and visible. 
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3.3 PIPE LABEL INSTALLATION 

A. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; 
machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and 
exterior exposed locations as follows: 
1. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  

Where flow pattern is not obvious, mark each pipe at branch. 
2. Near penetrations through walls, floors, ceilings, and inaccessible enclosures. 
3. At access doors, manholes, and similar access points that permit view of concealed 

piping. 
4. Near major equipment items and other points of origination and termination. 
5. Spaced at maximum intervals of 50 feet along each run.  Reduce intervals to 25 feet in 

areas of congested piping and equipment. 
6. On piping above removable acoustical ceilings.  Omit intermediately spaced labels. 

B. Pipe Label Color Schedule: 

1. Heating Water Piping: 

a. Background Color: Yellow. 
b. Letter Color: Black. 

2. Chilled-Water Piping: 

a. Background Color: Green. 
b. Letter Color: White. 

3. Gas Piping: 

a. Background Color: Yellow. 
b. Letter Color: Black. 

4. Domestic-Water Piping: 

a. Background Color: Green. 
b. Letter Color: White. 

3.4 WARNING-TAG INSTALLATION 

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

END OF SECTION 230553 
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SECTION 230593 – TESTING ADJUSTING. AND BALANCING FOR HVAC 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Balancing Air Systems: 
a. Constant-volume air systems. 

2. Balancing Hydronic Piping Systems: 
a. Constant-flow hydronic systems. 
b. Primary-secondary hydronic systems.  
c. Variable-flow hydronic systems  

1.3 DEFINITIONS 

A. AABC:  Associated Air Balance Council. 
B. NEBB:  National Environmental Balancing Bureau. 
C. TAB:  Testing, adjusting, and balancing. 
D. TABB:  Testing, Adjusting, and Balancing Bureau. 
E. TAB Specialist:  An entity engaged to perform TAB Work. 

1.4 SUBMITTALS 

A. Qualification Data:  Within 30 days of Contractor's Notice to Proceed, submit documentation 
that the TAB contractor and this Project's TAB team members meet the qualifications specified 
in "Quality Assurance" Article. 

B. Contract Documents Examination Report:  Within 30 days of Contractor's Notice to Proceed, 
submit the Contract Documents review report as specified in Part 3. 

C. Strategies and Procedures Plan:  Within 30 days of Contractor's Notice to Proceed, submit TAB 
strategies and step-by-step procedures as specified in "Preparation" Article. 

D. Certified TAB reports. 

E. Instrument calibration reports, to include the following: 

1. Instrument type and make. 
2. Serial number. 
3. Application. 
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4. Dates of use. 
5. Dates of calibration. 

1.5 QUALITY ASSURANCE 

A. TAB Contractor Qualifications:  Engage a TAB entity certified by NEBB. 

1. TAB Field Supervisor:  Employee of the TAB contractor and certified by NEBB. 
2. TAB Technician:  Employee of the TAB contractor and who is certified by NEBB as a 

TAB technician. 

B. Certify TAB field data reports and perform the following: 

1. Review field data reports to validate accuracy of data and to prepare certified TAB 
reports. 

2. Certify that the TAB team complied with the approved TAB plan and the procedures 
specified and referenced in this Specification. 

C. TAB Report Forms:  Use standard TAB contractor's forms approved by Commissioning 
Authority. 

D. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in ASHRAE 111, 
Section 5, "Instrumentation." 

1.6 PROJECT CONDITIONS 

A. Full Owner Occupancy:  Owner will occupy the site and existing building during entire TAB 
period.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's 
operations. 

1.7 COORDINATION 

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

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

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. 
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B. Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer 
wells, flow-control devices, balancing valves and fittings, and manual volume dampers.  Verify 
that locations of these balancing devices are accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 

D. Examine design data including HVAC system descriptions, statements of design assumptions 
for environmental conditions and systems' output, and statements of philosophies and 
assumptions about HVAC system and equipment controls. 

E. Examine equipment performance data including fan and pump curves. 

1. Relate performance data to Project conditions and requirements, including system effects 
that can create undesired or unpredicted conditions that cause reduced capacities in all 
or part of a system. 

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when 
installed under conditions different from the conditions used to rate equipment 
performance.  To calculate system effects for air systems, use tables and charts found in 
AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design."  
Compare results with the design data and installed conditions. 

F. Examine system and equipment installations and verify that field quality-control testing, 
cleaning, and adjusting specified in individual Sections have been performed. 

G. Examine test reports specified in individual system and equipment Sections. 

H. Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned 
and tight, and equipment with functioning controls is ready for operation. 

I. Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible 
and their controls are connected and functioning. 

J. Examine strainers.  Verify that startup screens are replaced by permanent screens with 
indicated perforations. 

K. Examine three-way valves for proper installation for their intended function of diverting or mixing 
fluid flows. 

L. Examine heat-transfer coils for correct piping connections and for clean and straight fins. 

M. Examine system pumps to ensure absence of entrained air in the suction piping. 

N. Examine operating safety interlocks and controls on HVAC equipment. 

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

3.2 PREPARATION 

A. Prepare a TAB plan that includes strategies and step-by-step procedures. 

B. Complete system-readiness checks and prepare reports.  Verify the following: 
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1. Permanent electrical-power wiring is complete. 
2. Hydronic systems are filled, clean, and free of air. 
3. Automatic temperature-control systems are operational. 
4. Equipment and duct access doors are securely closed. 
5. Balance, smoke, and fire dampers are open. 
6. Isolating and balancing valves are open and control valves are operational. 
7. Ceilings are installed in critical areas where air-pattern adjustments are required and 

access to balancing devices is provided. 
8. Windows and doors can be closed so indicated conditions for system operations can be 

met. 

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the procedures 
contained in SMACNA's "HVAC Systems - Testing, Adjusting, and Balancing" and in this 
Section. 

1. Comply with requirements in ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing." 

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the 
minimum extent necessary for TAB procedures. 
1. After testing and balancing, install test ports and duct access doors that comply with 

requirements in Division 23 Section "Air Duct Accessories." 
2. Install and join new insulation that matches removed materials.  Restore insulation, 

coverings, vapor barrier, and finish according to Division 23 Section "HVAC Insulation." 

C. Mark equipment and balancing devices, including damper-control positions, valve position 
indicators, fan-speed-control levers, and similar controls and devices, with paint or other 
suitable, permanent identification material to show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) units. 

3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and 
recommended testing procedures.  Crosscheck the summation of required outlet volumes with 
required fan volumes. 

B. Prepare schematic diagrams of systems' "as-built" duct layouts. 

C. For variable-air-volume systems, develop a plan to simulate diversity. 

D. Determine the best locations in main and branch ducts for accurate duct-airflow measurements. 

E. Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-
air dampers through the supply-fan discharge and mixing dampers. 

F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

G. Verify that motor starters are equipped with properly sized thermal protection. 

H. Check dampers for proper position to achieve desired airflow path. 
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I. Check for airflow blockages. 

J. Check condensate drains for proper connections and functioning. 

K. Check for proper sealing of air-handling-unit components. 

L. Verify that air duct system is sealed as specified in Division 23 Section "Metal Ducts." 

3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by 
fan manufacturer. 

1. Measure total airflow. 

a. Where sufficient space in ducts is unavailable for Pitot-tube traverse 
measurements, measure airflow at terminal outlets and inlets and calculate the 
total airflow. 

2. 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. 

b. Measure static pressure directly at the fan outlet or through the flexible connection. 
c. 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. 

d. Measure inlet static pressure of double-inlet fans through the wall of the plenum 
that houses the fan. 

3. 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. 

4. Measure static pressures entering and leaving other devices, such as sound traps, heat-
recovery equipment, and air washers, under final balanced conditions. 

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. 

6. Obtain approval from Engineer for adjustment of fan speed higher or lower than indicated 
speed.  Comply with requirements in Division 23 Sections for air-handling units for 
adjustment of fans, belts, and pulley sizes to achieve indicated air-handling-unit 
performance. 

7. 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. 

B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated 
airflows within specified tolerances. 
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1. 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. 

2. 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. 

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 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. 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 the approved pump flow rate.  
Correct variations that exceed plus or minus 5 percent. 

B. Prepare schematic diagrams of systems' "as-built" piping layouts. 

C. Prepare hydronic systems for testing and balancing according to the following, in addition to the 
general preparation procedures specified above: 

1. Open all manual valves for maximum flow. 
2. Check liquid level in expansion tank. 
3. Check makeup water-station pressure gage for adequate pressure for highest vent. 
4. Check flow-control valves for specified sequence of operation, and set at indicated flow. 
5. 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. 

6. Set system controls so automatic valves are wide open to heat exchangers. 
7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so 

motor nameplate rating is not exceeded. 
8. Check air vents for a forceful liquid flow exiting from vents when manually operated. 

3.7 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS 

A. Measure water flow at pumps.  Use the following procedures except for positive-displacement 
pumps: 
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1. 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. 

2. 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. 

a. Monitor motor performance during procedures and do not operate motors in 
overload conditions. 

3. 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. 

4. Report flow rates that are not within plus or minus 10 percent of design. 

B. Measure flow at all automatic flow control valves to verify that valves are functioning as 
designed. 

C. Measure flow at all pressure-independent characterized control valves, with valves in fully open 
position, to verify that valves are functioning as designed. 

D. Set calibrated balancing valves, if installed, at calculated presettings. 

E. Measure flow at all stations and adjust, where necessary, to obtain first balance. 

1. System components that have Cv rating or an accurately cataloged flow-pressure-drop 
relationship may be used as a flow-indicating device. 

F. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 
percent greater than indicated flow. 

G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows: 

1. Determine the balancing station with the highest percentage over indicated flow. 
2. 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. 

H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump 
heads, and systems' pressures and temperatures including outdoor-air temperature. 

I. Measure the differential-pressure-control-valve settings existing at the conclusion of balancing. 

J. Check settings and operation of each safety valve.  Record settings. 

3.8 PROCEDURES FOR PRIMARY-SECONDARY HYDRONIC SYSTEMS 

A. Balance the primary circuit flow first and then balance the secondary circuits. 
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3.9 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS 

A. Balance systems with automatic two- and three-way control valves by setting systems at 
maximum flow through heat-exchange terminals and proceed as specified above for hydronic 
systems. 

3.10 PROCEDURES FOR BOILERS 

A. Hydronic Boilers:  Measure and record entering- and leaving-water temperatures and water 
flow. 

3.11 PROCEDURES FOR MOTORS 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data: 

1. Manufacturer's name, model number, and serial number. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Efficiency rating. 
5. Nameplate and measured voltage, each phase. 
6. Nameplate and measured amperage, each phase. 
7. Starter thermal-protection-element rating. 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying 
from minimum to maximum.  Test the manual bypass of the controller to prove proper operation.  
Record observations including name of controller manufacturer, model number, serial number, 
and nameplate data. 

3.12 PROCEDURES FOR CONDENSING UNITS 

A. Verify proper rotation of fans. 

B. Measure entering- and leaving-air temperatures. 

C. Record compressor data. 

3.13 PROCEDURES FOR HEAT-TRANSFER COILS 

A. Measure, adjust, and record the following data for each water coil: 

1. Entering- and leaving-water temperature. 
2. Water flow rate. 
3. Water pressure drop. 
4. Dry-bulb temperature of entering and leaving air. 
5. Wet-bulb temperature of entering and leaving air for cooling coils. 
6. Airflow. 
7. Air pressure drop. 

B. Measure, adjust, and record the following data for each electric heating coil: 
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1. Nameplate data. 
2. Airflow. 
3. Entering- and leaving-air temperature at full load. 
4. Voltage and amperage input of each phase at full load and at each incremental stage. 
5. Calculated kilowatt at full load. 
6. Fuse or circuit-breaker rating for overload protection. 

C. Measure, adjust, and record the following data for each refrigerant coil: 

1. Dry-bulb temperature of entering and leaving air. 
2. Wet-bulb temperature of entering and leaving air. 
3. Airflow. 
4. Air pressure drop. 
5. Refrigerant suction pressure and temperature. 

3.14 TOLERANCES 

A. Set HVAC system's air flow rates and water flow rates within the following tolerances: 

1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or minus 10 percent. 
2. Air Outlets and Inlets:  Plus or minus 10 percent. 
3. Heating-Water Flow Rate:  Plus or minus 10 percent. 
4. Cooling-Water Flow Rate:  Plus or minus 10 percent. 

3.15 REPORTING 

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as 
specified in "Examination" Article, prepare a report on the adequacy of design for 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. 

B. Status Reports:  Prepare biweekly progress reports to describe completed procedures, 
procedures in progress, and scheduled procedures.  Include a list of deficiencies and problems 
found in systems being tested and balanced.  Prepare a separate report for each system and 
each building floor for systems serving multiple floors. 

3.16 FINAL REPORT 

A. General:  Prepare a certified written report; tabulate and divide the report into separate sections 
for tested systems and balanced systems. 

1. Include a certification sheet at the front of the report's binder, signed and sealed by the 
certified testing and balancing engineer. 

2. Include a list of instruments used for procedures, along with proof of calibration. 

B. Final Report Contents:  In addition to certified field-report data, include the following: 

1. Pump curves. 
2. Fan curves. 
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3. Manufacturers' test data. 
4. Field test reports prepared by system and equipment installers. 
5. Other information relative to equipment performance; do not include Shop Drawings and 

product data. 

C. General Report Data: In addition to form titles and entries, include the following data: 

1. Title page. 
2. Name and address of the TAB contractor. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of TAB supervisor who certifies the report. 
10. Table of Contents with the total number of pages defined for each section of the report.  

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

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

Documents. 

12. Nomenclature sheets for each item of equipment. 
13. Data for terminal units, including manufacturer's name, type, size, and fittings. 
14. Notes to explain why certain final data in the body of reports vary from indicated values. 
15. Test conditions for fans and pump performance forms including the following: 

a. Settings for outdoor-, return-, and exhaust-air dampers. 
b. Conditions of filters. 
c. Cooling coil, wet- and dry-bulb conditions. 
d. Face and bypass damper settings at coils. 
e. Fan drive settings including settings and percentage of maximum pitch diameter. 
f. Inlet vane settings for variable-air-volume systems. 
g. Settings for supply-air, static-pressure controller. 
h. Other system operating conditions that affect performance. 

D. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present 
each system with single-line diagram and include the following: 

1. Quantities of outdoor, supply, return, and exhaust airflows. 
2. Water flow rates. 
3. Duct, outlet, and inlet sizes. 
4. Pipe and valve sizes and locations. 
5. Terminal units. 
6. Balancing stations. 
7. Position of balancing devices. 

E. Fan Test Reports:  For supply, return, and exhaust fans, include the following: 

1. Fan Data: 

a. System identification. 
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b. Location. 
c. Make and type. 
d. Model number and size. 
e. Manufacturer's serial number. 
f. Arrangement and class. 
g. Sheave make, size in inches, and bore. 
h. Center-to-center dimensions of sheave, and amount of adjustments in inches. 

2. Motor Data: 

a. Motor make, and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches, and bore. 
f. Center-to-center dimensions of sheave, and amount of adjustments in inches. 
g. Number, make, and size of belts. 

3. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm. 
b. Total system static pressure in inches wg. 
c. Fan rpm. 
d. Discharge static pressure in inches wg. 
e. Suction static pressure in inches wg. 

F. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a diagram with a grid 
representing the duct cross-section and record the following: 

1. Report Data: 

a. System and air-handling-unit number. 
b. Location and zone. 
c. Traverse air temperature in deg F. 
d. Duct static pressure in inches wg. 
e. Duct size in inches. 
f. Duct area in sq. ft.. 
g. Indicated air flow rate in cfm. 
h. Indicated velocity in fpm. 
i. Actual air flow rate in cfm. 
j. Actual average velocity in fpm. 
k. Barometric pressure in psig. 

G. Air-Terminal-Device Reports: 

1. Unit Data: 

a. System and air-handling unit identification. 
b. Location and zone. 
c. Apparatus used for test. 
d. Area served. 
e. Make. 
f. Number from system diagram. 
g. Type and model number. 
h. Size. 
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i. Effective area in sq. ft.. 

2. Test Data (Indicated and Actual Values): 

a. Air flow rate in cfm. 
b. Air velocity in fpm. 
c. Preliminary air flow rate as needed in cfm. 
d. Preliminary velocity as needed in fpm. 
e. Final air flow rate in cfm. 
f. Final velocity in fpm. 
g. Space temperature in deg F. 

H. 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 number and serial number. 
f. Water flow rate in gpm. 
g. Water pressure differential in feet of head or psig. 
h. Required net positive suction head in feet of head or psig. 
i. Pump rpm. 
j. Impeller diameter in inches. 
k. Motor make and frame size. 
l. Motor horsepower and rpm. 
m. Voltage at each connection. 
n. Amperage for each phase. 
o. Full-load amperage and service factor. 
p. Seal type. 

2. Test Data (Indicated and Actual Values): 

a. Static head in feet of head or psig. 
b. Pump shutoff pressure in feet of head or psig. 
c. Actual impeller size in inches. 
d. Full-open flow rate in gpm. 
e. Full-open pressure in feet of head or psig. 
f. Final discharge pressure in feet of head or psig. 
g. Final suction pressure in feet of head or psig. 
h. Final total pressure in feet of head or psig. 
i. Final water flow rate in gpm. 
j. Voltage at each connection. 
k. Amperage for each phase. 

I. Instrument Calibration Reports: 

1. Report Data: 

a. Instrument type and make. 
b. Serial number. 
c. Application. 



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 
 

 
DIVISION 23   TESTING ADJUSTING AND  230593 – 13 of 14 
Permitting and Bidding BALANCING FOR HVAC    

d. Dates of use. 
e. Dates of calibration. 

3.17 INSPECTIONS 

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. 

2. Check the following for each system: 

a. Measure airflow of at least 10 percent of air outlets. 
b. Measure water flow of at least 5 percent of terminals. 
c. Measure room temperature at each thermostat/temperature sensor.  Compare the 

reading to the set point. 
d. Verify that balancing devices are marked with final balance position. 
e. Note deviations from the Contract Documents in the final report. 

B. Final Inspection: 

1. After initial inspection is complete and documentation 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 Commissioning Authority. 

2. The TAB contractor's test and balance engineer shall conduct the inspection in the 
presence of Commissioning Authority. 

3. Commissioning Authority shall randomly select measurements, documented in the final 
report, to be rechecked.  Rechecking shall be limited to either 10 percent of the total 
measurements recorded or the extent of measurements that can be accomplished in a 
normal 8-hour business day. 

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

5. 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. 

C. TAB Work will be considered defective if it does not pass final inspections.  If TAB Work fails, 
proceed as follows: 

1. Recheck all measurements and make adjustments.  Revise the final report and balancing 
device settings to include all changes; resubmit the final report and request a second final 
inspection. 

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

D. Prepare test and inspection reports. 
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3.18 ADDITIONAL TESTS 

A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions are 
being maintained throughout and to correct unusual conditions. 

B. Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and 
winter conditions, perform additional TAB during near-peak summer and winter conditions. 

END OF SECTION 230593 
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SECTION 230700 – HVAC INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Insulation Materials: 

a. Flexible elastomeric. 
b. Mineral fiber. 

2. Adhesives. 
3. Mastics. 
4. Lagging adhesives. 
5. Sealants. 
6. Factory-applied jackets. 
7. Field-applied jackets. 
8. Tapes. 
9. Securements. 

1.3 SUBMITTALS 

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

B. Shop Drawings: 

1. Detail application of protective shields, saddles, and inserts at hangers for each type of 
insulation and hanger. 

2. Detail insulation application at pipe expansion joints for each type of insulation. 
3. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each 

type of insulation. 
4. Detail removable insulation at piping specialties, equipment connections, and access 

panels. 
5. Detail application of field-applied jackets. 
6. Detail application at linkages of control devices. 
7. Detail field application for each equipment type. 

C. Qualification Data:  For qualified Installer. 

D. Material Test Reports:  From a qualified testing agency acceptable to authorities having 
jurisdiction indicating, interpreting, and certifying test results for compliance of insulation 
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materials, sealers, attachments, cements, and jackets, with requirements indicated.  Include 
dates of tests and test methods employed. 

E. Field quality-control reports. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship 
program or another craft training program certified by the Department of Labor, Bureau of 
Apprenticeship and Training. 

B. Fire-Test-Response Characteristics:  Insulation and related materials shall have fire-test-
response characteristics indicated, as determined by testing identical products per ASTM E 84, 
by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label 
insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, 
with appropriate markings of applicable testing and inspecting agency. 

1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed 
index of 50 or less. 

2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-developed 
index of 150 or less. 

1.5 DELIVERY, STORAGE, AND HANDLING 

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

1.6 COORDINATION 

A. Coordinate size and location of supports, hangers, and insulation shields specified in 
Division 23 Section "Hangers and Supports for HVAC Piping and Equipment." 

1.7 SCHEDULING 

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

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

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in Part 3 schedule articles for where insulating materials shall be 
applied. 
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B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

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

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

E. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 612, Type IA or Type IB.  For equipment applications, provide insulation 
with factory-applied FSK jacket.  Factory-applied jacket requirements are specified in "Factory-
Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. CertainTeed Corp.; Commercial Board. 
b. Fibrex Insulations Inc.; FBX. 
c. Johns Manville; 800 Series Spin-Glas. 
d. Knauf Insulation; Insulation Board. 
e. Manson Insulation Inc.; AK Board. 
f. Owens Corning; Fiberglas 700 Series. 

F. Mineral-Fiber, Preformed Pipe Insulation: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Fibrex Insulations Inc.; Coreplus 1200. 
b. Johns Manville; Micro-Lok. 
c. Knauf Insulation; 1000 Pipe Insulation. 
d. Manson Insulation Inc.; Alley-K. 
e. Owens Corning; Fiberglas Pipe Insulation. 

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

3. Conductivity: 0.28 Btu*in./(h*ft2 °F) 

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

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Johns Manville. 
b. Knauf Insulation. 
c. Owens Corning. 
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2.2 ADHESIVES 

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

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

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Aeroflex USA Inc.; Aeroseal. 
b. Armacell LCC; 520 Adhesive. 
c. Foster Products Corporation, H. B. Fuller Company; 85-75. 
d. RBX Corporation; Rubatex Contact Adhesive. 

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

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Products, Division of ITW; CP-82. 
b. Foster Products Corporation, H. B. Fuller Company; 85-20. 
c. ITW TACC, Division of Illinois Tool Works; S-90/80. 
d. Marathon Industries, Inc.; 225. 
e. Mon-Eco Industries, Inc.; 22-25. 

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

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Products, Division of ITW; CP-82. 
b. Foster Products Corporation, H. B. Fuller Company; 85-20. 
c. ITW TACC, Division of Illinois Tool Works; S-90/80. 
d. Marathon Industries, Inc.; 225. 
e. Mon-Eco Industries, Inc.; 22-25. 

2.3 MASTICS 

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

B. Vapor-Barrier Mastic:  Water based; suitable for indoor and outdoor use on below ambient 
services. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Products, Division of ITW; CP-35. 
b. Foster Products Corporation, H. B. Fuller Company; 30-90. 
c. ITW TACC, Division of Illinois Tool Works; CB-50. 
d. Marathon Industries, Inc.; 590. 
e. Mon-Eco Industries, Inc.; 55-40. 
f. Vimasco Corporation; 749. 
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2. Water-Vapor Permeance:  ASTM E 96, Procedure B, 0.013 perm at 43-mil dry film 
thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F. 
4. Solids Content:  ASTM D 1644, 59 percent by volume and 71 percent by weight. 
5. Color:  White. 

C. Breather Mastic:  Water based; suitable for indoor and outdoor use on above ambient services. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Products, Division of ITW; CP-10. 
b. Foster Products Corporation, H. B. Fuller Company; 35-00. 
c. ITW TACC, Division of Illinois Tool Works; CB-05/15. 
d. Marathon Industries, Inc.; 550. 
e. Mon-Eco Industries, Inc.; 55-50. 
f. Vimasco Corporation; WC-1/WC-5. 

2. Water-Vapor Permeance:  ASTM F 1249, 3 perms at 0.0625-inch dry film thickness. 
3. Service Temperature Range:  Minus 20 to plus 200 deg F. 
4. Solids Content:  63 percent by volume and 73 percent by weight. 
5. Color:  White. 

2.4 LAGGING ADHESIVES 

A. Description:  Comply with MIL-A-3316C Class I, Grade A and shall be compatible with insulation 
materials, jackets, and substrates. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Products, Division of ITW; CP-52. 
b. Foster Products Corporation, H. B. Fuller Company; 81-42. 
c. Marathon Industries, Inc.; 130. 
d. Mon-Eco Industries, Inc.; 11-30. 
e. Vimasco Corporation; 136. 

2. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over duct, equipment, and pipe insulation. 

3. Service Temperature Range:  Minus 50 to plus 180 deg F. 
4. Color:  White. 

2.5 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Products, Division of ITW; CP-76-8. 
b. Foster Products Corporation, H. B. Fuller Company; 95-44. 
c. Marathon Industries, Inc.; 405. 
d. Mon-Eco Industries, Inc.; 44-05. 
e. Vimasco Corporation; 750. 
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2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F. 
5. Color:  Aluminum. 

B. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following: 

a. Childers Products, Division of ITW; CP-76. 

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

2.6 FACTORY-APPLIED JACKETS 

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

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

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

2.7 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C1136, Type I, unless otherwise indicated. 

B. FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing. 

C. PVC Jacket for indoor piping: High-impact-resistant, UV-resistant PVC complying with 
ASTM D1784, Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting 
and forming. Thickness is indicated in field-applied jacket schedules. 
1. Adhesive: As recommended by jacket material manufacturer. 
2. Color: White. 
3. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate. 

a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, 
unions, reducers, end caps, soil-pipe hubs, traps and mechanical joints. 

2.8 FIELD-APPLIED JACKETS 

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

B. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.  
Thickness is indicated in field-applied jacket schedules. 
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1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Johns Manville; Zeston. 
b. P.I.C. Plastics, Inc.; FG Series. 
c. Proto PVC Corporation; LoSmoke. 
d. Speedline Corporation; SmokeSafe. 

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

a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, 
unions, reducers, end caps, soil-pipe hubs, traps, and mechanical joints. 

5. Factory-fabricated tank heads and tank side panels. 

2.9 TAPES 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 
complying with ASTM C 1136. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0835. 
b. Compac Corp.; 104 and 105. 
c. Ideal Tape Co., Inc., an American Biltrite Company; 428 AWF ASJ. 
d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ. 

2. Width:  3 inches. 
3. Thickness:  11.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 
complying with ASTM C 1136. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827. 
b. Compac Corp.; 110 and 111. 
c. Ideal Tape Co., Inc., an American Biltrite Company; 491 AWF FSK. 
d. Venture Tape; 1525 CW, 1528 CW, and 1528 CW/SQ. 

2. Width:  3 inches. 
3. Thickness:  6.5 mils. 
4. Adhesion:  90 ounces force/inch in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch in width. 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 
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C. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive.  
Suitable for indoor and outdoor applications. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0555. 
b. Compac Corp.; 130. 
c. Ideal Tape Co., Inc., an American Biltrite Company; 370 White PVC tape. 
d. Venture Tape; 1506 CW NS. 

2. Width:  2 inches. 
3. Thickness:  6 mils. 
4. Adhesion:  64 ounces force/inch in width. 
5. Elongation:  500 percent. 
6. Tensile Strength:  18 lbf/inch in width. 

2.10 SECUREMENTS 

A. Bands: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Products; Bands. 
b. PABCO Metals Corporation; Bands. 
c. RPR Products, Inc.; Bands. 

2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015 inch 
thick, 3/4 inch wide with wing seal. 

3. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch 
thick, 3/4 inch wide with wing seal. 

B. Insulation Pins and Hangers: 

1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for 
capacitor-discharge welding, 0.135-inch-diameter shank, length to suit depth of insulation 
indicated. 

a. Products:  Subject to compliance with requirements, provide one of the following: 

1) AGM Industries, Inc.; CWP-1. 
2) GEMCO; CD. 
3) Midwest Fasteners, Inc.; CD. 
4) Nelson Stud Welding; TPA, TPC, and TPS. 

2. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully 
annealed for capacitor-discharge welding, 0.135-inch-diameter shank, length to suit 
depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer. 

a. Products:  Subject to compliance with requirements, provide one of the following: 

1) AGM Industries, Inc.; CWP-1. 
2) GEMCO; Cupped Head Weld Pin. 
3) Midwest Fasteners, Inc.; Cupped Head. 
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4) Nelson Stud Welding; CHP. 

3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate welded to 
projecting spindle that is capable of holding insulation, of thickness indicated, securely in 
position indicated when self-locking washer is in place.  Comply with the following 
requirements: 

a. Products:  Subject to compliance with requirements, provide one of the following: 

1) AGM Industries, Inc.; Tactoo Insul-Hangers, Series T. 
2) GEMCO; Perforated Base. 
3) Midwest Fasteners, Inc.; Spindle. 

b. Baseplate:  Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 2 inches 
square. 

c. Spindle:  Copper- or zinc-coated, low carbon steel, fully annealed, 0.106-inch-
diameter shank, length to suit depth of insulation indicated. 

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

4. Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate 
fastened to projecting spindle that is capable of holding insulation, of thickness indicated, 
securely in position indicated when self-locking washer is in place.  Comply with the 
following requirements: 

a. Products:  Subject to compliance with requirements, provide one of the following: 

1) GEMCO; Nylon Hangers. 
2) Midwest Fasteners, Inc.; Nylon Insulation Hangers. 

b. Baseplate:  Perforated, nylon sheet, 0.030 inch thick by 1-1/2 inches in diameter. 
c. Spindle:  Nylon, 0.106-inch-diameter shank, length to suit depth of insulation 

indicated, up to 2-1/2 inches. 
d. Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated 

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

5. Self-Sticking-Base Insulation Hangers:  Baseplate welded to projecting spindle that is 
capable of holding insulation, of thickness indicated, securely in position indicated when 
self-locking washer is in place.  Comply with the following requirements: 

a. Products:  Subject to compliance with requirements, provide one of the following: 

1) AGM Industries, Inc.; Tactoo Insul-Hangers, Series TSA. 
2) GEMCO; Press and Peel. 
3) Midwest Fasteners, Inc.; Self Stick. 

b. Baseplate:  Galvanized carbon-steel sheet, 0.030 inch thick by 2 inches square. 
c. Spindle:  Copper- or zinc-coated, low carbon steel, fully annealed, 0.106-inch-

diameter shank, length to suit depth of insulation indicated. 
d. Adhesive-backed base with a peel-off protective cover. 
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6. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch-thick, 
galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in 
place but not less than 1-1/2 inches in diameter. 

a. Products:  Subject to compliance with requirements, provide one of the following: 

1) AGM Industries, Inc.; RC-150. 
2) GEMCO; R-150. 
3) Midwest Fasteners, Inc.; WA-150. 
4) Nelson Stud Welding; Speed Clips. 

b. Protect ends with capped self-locking washers incorporating a spring steel insert to 
ensure permanent retention of cap in exposed locations. 

7. Nonmetal Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch-
thick nylon sheet, with beveled edge sized as required to hold insulation securely in place 
but not less than 1-1/2 inches in diameter. 

a. Products:  Subject to compliance with requirements, provide one of the following: 

1) GEMCO. 
2) Midwest Fasteners, Inc. 

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

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

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. C & F Wire. 
b. Childers Products. 
c. PABCO Metals Corporation. 
d. RPR Products, Inc. 

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. 

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

2. Verify that surfaces to be insulated are clean and dry. 
3. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will 
adversely affect insulation application. 
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B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, apply a 
corrosion coating to insulated surfaces as follows: 

1. Stainless Steel:  Coat 300 series stainless steel with an epoxy primer 5 mils thick and an 
epoxy finish 5 mils thick if operating in a temperature range between 140 and 300 deg F.  
Consult coating manufacturer for appropriate coating materials and application methods 
for operating temperature range. 

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

C. Coordinate insulation installation with the trade installing heat tracing.  Comply with 
requirements for heat tracing that apply to insulation. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

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

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required 
for each item of equipment, duct system, and pipe system as specified in insulation system 
schedules. 

C. Install accessories compatible with insulation materials and suitable for the service.  Install 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or 
dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

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

G. Keep insulation materials dry during application and finishing. 

H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with 
adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, 
supports, anchors, and other projections with vapor-barrier mastic. 

1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on anchor 

legs from point of attachment to supported item to point of attachment to structure.  Taper 
and seal ends at attachment to structure with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to 
insulation inserts with adhesive or sealing compound recommended by insulation 
material manufacturer. 

4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over 
jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield. 
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K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet 
and dry film thicknesses. 

L. Install insulation with factory-applied jackets as follows: 

1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation jacket.  

Secure strips with adhesive and outward clinching staples along both edges of strip, 
spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches.  Install insulation with longitudinal 
seams at bottom of pipe.  Clean and dry surface to receive self-sealing lap.  Staple laps 
with outward clinching staples along edge at 2 inches o.c. 

a. For below ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape as recommended by insulation material manufacturer 
to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and 
at ends adjacent to duct and pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal 
thickness. 

N. Finish installation with systems at operating conditions.  Repair joint separations and cracking 
due to thermal movement. 

O. Repair damaged insulation facings by applying same facing material over damaged areas.  
Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and seal patches 
similar to butt joints. 

P. For above ambient services, do not install insulation to the following: 

1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
6. Cleanouts. 

3.4 PENETRATIONS 

A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof 
penetrations. 

1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof surface 

and seal with joint sealant.  For applications requiring indoor and outdoor insulation, 
install insulation for outdoor applications tightly joined to indoor insulation ends.  Seal 
joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of 
roof flashing. 

4. Seal jacket to roof flashing with flashing sealant. 
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B. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation continuously 
through wall penetrations. 

1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation inside wall surface 

and seal with joint sealant.  For applications requiring indoor and outdoor insulation, 
install insulation for outdoor applications tightly joined to indoor insulation ends.  Seal 
joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least 
2 inches. 

4. Seal jacket to wall flashing with flashing sealant. 

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  
Install insulation continuously through walls and partitions. 

D. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation 
continuously through penetrations of fire-rated walls and partitions.  Terminate insulation at fire 
damper sleeves for fire-rated wall and partition penetrations.  Externally insulate damper 
sleeves to match adjacent insulation and overlap duct insulation at least 2 inches. 

1. Comply with requirements in Division 7 Section "Through-Penetration Firestop Systems" 
for firestopping and fire-resistive joint sealers. 

E. Insulation Installation on Pumps: 

1. Fabricate metal boxes lined with insulation.  Fit boxes around pumps and coincide box 
joints with splits in pump casings.  Fabricate joints with outward bolted flanges.  Bolt 
flanges on 6-inch centers, starting at corners.  Install 3/8-inch diameter fasteners with 
wing nuts.  Alternatively, secure the box sections together using a latching mechanism. 

2. Fabricate boxes from stainless steel, at least 0.040 inch thick. 
3. For below ambient services, install a vapor barrier at seams, joints, and penetrations.  

Seal between flanges with replaceable gasket material to form a vapor barrier. 

3.5 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials except where more 
specific requirements are specified in various pipe insulation material installation articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 

1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with 
continuous thermal and vapor-retarder integrity, unless otherwise indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from same 
material and density as adjacent pipe insulation.  Each piece shall be butted tightly 
against adjoining piece and bonded with adhesive.  Fill joints, seams, voids, and irregular 
surfaces with insulating cement finished to a smooth, hard, and uniform contour that is 
uniform with adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same 
material and thickness as used for adjacent pipe.  Cut sectional pipe insulation to fit.  Butt 
each section closely to the next and hold in place with tie wire.  Bond pieces with 
adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same 
material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe 
insulation by not less than two times the thickness of pipe insulation, or one pipe 
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diameter, whichever is thicker.  For valves, insulate up to and including the bonnets, 
valve stuffing-box studs, bolts, and nuts.  Fill joints, seams, and irregular surfaces with 
insulating cement. 

5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of same 
material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe 
insulation by not less than two times the thickness of pipe insulation, or one pipe 
diameter, whichever is thicker.  Fill joints, seams, and irregular surfaces with insulating 
cement.  Insulate strainers so strainer basket flange or plug can be easily removed and 
replaced without damaging the insulation and jacket.  Provide a removable reusable 
insulation cover.  For below ambient services, provide a design that maintains vapor 
barrier. 

6. Insulate flanges and unions using a section of oversized preformed pipe insulation.  
Overlap adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker. 

7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a 
mastic.  Install vapor-barrier mastic for below ambient services and a breather mastic for 
above ambient services.  Reinforce the mastic with fabric-reinforcing mesh.  Trowel the 
mastic to a smooth and well-shaped contour. 

8. For services not specified to receive a field-applied jacket except for flexible elastomeric 
and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and 
unions.  Terminate ends with PVC end caps.  Tape PVC covers to adjoining insulation 
facing using PVC tape. 

9. Label the outside insulation jacket of each union with the word "UNION."  Match size and 
color of pipe labels. 

C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, 
test connections, flow meters, sensors, switches, and transmitters on insulated pipes, vessels, 
and equipment.  Shape insulation at these connections by tapering it to and around the 
connection with insulating cement and finish with finishing cement, mastic, and flashing sealant. 

D. Install removable insulation covers at locations indicated.  Installation shall conform to the 
following: 

1. Make removable flange and union insulation from sectional pipe insulation of same 
thickness as that on adjoining pipe.  Install same insulation jacket as adjoining pipe 
insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend insulation 
from flanges or union long at least two times the insulation thickness over adjacent pipe 
insulation on each side of flange or union.  Secure flange cover in place with stainless-
steel or aluminum bands.  Select band material compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges except divide 
the two-part section on the vertical center line of valve body. 

4. When covers are made from block insulation, make two halves, each consisting of 
mitered blocks wired to stainless-steel fabric.  Secure this wire frame, with its attached 
insulation, to flanges with tie wire.  Extend insulation at least 2 inches over adjacent pipe 
insulation on each side of valve.  Fill space between flange or union cover and pipe 
insulation with insulating cement.  Finish cover assembly with insulating cement applied 
in two coats.  After first coat is dry, apply and trowel second coat to a smooth finish. 

5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed 
surfaces with a metal jacket. 
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3.6 FLEXIBLE ELASTOMERIC INSULATION INSTALLATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate 
openings in insulation that allow passage of air to surface being insulated. 

B. Insulation Installation on Pipe Flanges: 

1. Install pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 

thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with cut sections of sheet insulation of same thickness 
as pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive 
to eliminate openings in insulation that allow passage of air to surface being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's recommended adhesive 

to eliminate openings in insulation that allow passage of air to surface being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed valve covers manufactured of same material as pipe insulation when 
available. 

2. When preformed valve covers are not available, install cut sections of pipe and sheet 
insulation to valve body.  Arrange insulation to permit access to packing and to allow 
valve operation without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow passage of air to 
surface being insulated. 

3.7 MINERAL-FIBER INSULATION INSTALLATION 

A. Insulation Installation on Straight Pipes and Tubes: 

1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten 
bands without deforming insulation materials. 

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions 
with vapor-barrier mastic and joint sealant. 

3. For insulation with factory-applied jackets on above ambient surfaces, secure laps with 
outward clinched staples at 6 inches o.c. 

4. For insulation with factory-applied jackets on below ambient surfaces, do not staple 
longitudinal tabs but secure tabs with additional adhesive as recommended by insulation 
material manufacturer and seal with vapor-barrier mastic and flashing sealant. 

B. Insulation Installation on Pipe Flanges: 

1. Install preformed pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, plus twice the 

thickness of pipe insulation. 
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3. Fill voids between inner circumference of flange insulation and outer circumference of 
adjacent straight pipe segments with mineral-fiber blanket insulation. 

4. Install jacket material with manufacturer's recommended adhesive, overlap seams at 
least 1 inch, and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install preformed sections of same material as straight segments of pipe insulation when 
available. 

2. When preformed insulation elbows and fittings are not available, install mitered sections 
of pipe insulation, to a thickness equal to adjoining pipe insulation.  Secure insulation 
materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed sections of same material as straight segments of pipe insulation when 
available. 

2. When preformed sections are not available, install mitered sections of pipe insulation to 
valve body. 

3. Arrange insulation to permit access to packing and to allow valve operation without 
disturbing insulation. 

4. Install insulation to flanges as specified for flange insulation application. 

3.8 FIELD-APPLIED JACKET INSTALLATION 

A. Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end 
joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof 
sealant recommended by insulation manufacturer.  Secure jacket with stainless-steel bands 12 
inches o.c. and at end joints. 

B. Where PVC jackets are indicated, install with 1-inch 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 two continuous beads of adhesive to seams and joints, one bead under lap and the 
finish bead along seam and joint edge. 

3.9 FINISHES 

A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of 
insulation manufacturer's recommended protective coating. 

3.10 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 
1. Inspect field-insulated equipment, randomly selected by Architect, by removing field-

applied jacket and insulation in layers in reverse order of their installation.  Extent of 
inspection shall be limited to one location for each type of equipment defined in the 
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"Equipment Insulation Schedule" Article.  For large equipment, remove only a portion 
adequate to determine compliance. 

2. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by removing 
field-applied jacket and insulation in layers in reverse order of their installation.  Extent of 
inspection shall be limited to three locations of straight pipe, three locations of threaded 
fittings, three locations of welded fittings, two locations of threaded strainers, two 
locations of welded strainers, three locations of threaded valves, and three locations of 
flanged valves for each pipe service defined in the "Piping Insulation Schedule, General" 
Article. 

C. All insulation applications will be considered defective Work if sample inspection reveals 
noncompliance with requirements. 

3.11 PIPING INSULATION SCHEDULE, GENERAL 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for 
each piping system and pipe size range.  If more than one material is listed for a piping system, 
selection from materials listed is Contractor's option. 

B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the following: 

1. Drainage piping located in crawl spaces. 
2. Underground piping. 
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury. 

3.12 INDOOR PIPING INSULATION SCHEDULE 

A. Heating-Hot-Water Supply and Return, 200 Deg F and below: 
1. NPS 1-1/2 and Larger:  Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe, Type I:  2 inch thick. 
2. NPS 1-1/4 and Smaller:  Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe, Type I:  1-1/2 inch thick. 

B. Chilled Water and Brine, above 40 Deg F: 

1. NPS 12 and Smaller:  Insulation shall be one of the following: 
a. Mineral-Fiber, Preformed Pipe, Type I: 2 inches thick. 

C. Make-up-Water: 

1. NPS 1 and Smaller:  Insulation shall be one of the following: 
a. Mineral-Fiber, Preformed Pipe, Type I: 1 inches thick. 

D. Domestic Cold Water: 

1. NPS 1 and Smaller:  Insulation shall be one of the following: 

a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick. 

2.  NPS 1-1/4 and Larger:  Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 
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E. Domestic Hot and Recirculated Hot Water: 

1. NPS 3/4 and Smaller:  Insulation shall be one of the following: 

a. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 

2. NPS 1 and Larger:  Insulation shall be the following: 

a. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch thick. 

3.13 EQUIPMENT INSULATION SCHEDULE 

A. Insulation materials and thicknesses are identified below.  If more than one material is listed for 
a type of equipment, selection from materials listed is Contractor's option. 

B. Insulate indoor and outdoor equipment in paragraphs below that is not factory insulated. 

C. Heating-hot-water air-separator insulation shall be one of the following: 
1. Mineral-Fiber Board:  1-1/2 inches thick and 2-lb/cu. ft. nominal density. 
2. Mineral-Fiber Pipe and Tank:  1-1/2 inches thick. 

D. Chilled-water pump insulation shall be the following: 
1. Mineral-Fiber Board:  2 inches thick and 2-lb/cu. ft. nominal density. 

 

 

END OF SECTION 230700 
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SECTION 230900 - INSTRUMENTATION AND CONTROL FOR HVAC 

PART 1 - GENERAL 

1.1 GENERAL REQUIREMENTS 

A. This section describes the automation criteria for a unified automation and analytics platform to 
support the operational objectives of the project. This platform shall hereafter be referred to as 
the Building Automation System (BAS). The Division 23 Contractor shall be responsible for 
providing this user interface system(s) where specified herein and ensuring interoperability of all 
systems, including those provided by other sections if applicable. The Division 23 Contractor 
shall have direct responsibility for the BAS elements of the systems as defined herein. 

B. This Section includes control equipment, software and installation for HVAC systems and 
components, including control components for terminal heating and cooling units. 

C. The control system shall be an extension of the existing Siemens Desigo CC Building 
Automation System and all controllers and software shall match existing or be the latest version 
of existing system. 

1.2 SYSTEM DESCRIPTION 

A. The primary function of the Building Automation System (BAS) shall be the provision of the 
information management software platform for daily operations of the building and all sub-
systems. This includes but is not limited to the reporting of alarm and event functions, real time 
and historical operational and energy related information, data exchange with cloud-based 
analytics, and overall monitoring and management of the building systems. 

1.3 SCOPE OF WORK 

A. The BAS and associated subsystems described herein shall be the responsibility of the Division 
23 contractor for execution directly under the prime contractor or contracted directly with the 
owner.  

B. The Division 23 Contractor shall provide software materials from multiple specifications (e.g. 
manufacture or purchase both the Building Automation System (BAS) and Fire Alarm (FA) 
system) if required, with sole responsibility for coordinating integration requirements between 
systems identified herein and the BAS. 

C. The installation of the control system software shall be performed under the direct supervision 
of the controls manufacturer with the shop drawings, flow diagrams, bill of materials, component 
designation, or identification number and sequence of operation all bearing the name of the 
manufacturer. 

1.4 QUALITY ASSURANCE 

A. The Contractor shall directly supervise installation and startup of the system. 
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B. The Contractor shall be responsible for providing all specified hardware and software as 
specified herein.  

C. Comply with ASHRAE 135-2010 BACnet: A Data Communication Protocol for Building 
Automation and Control Networks.   

D. The building management station must support the BACnet/SC standard. 

E. Provide written approvals and certifications after installation has been completed. 

F. The Contractor shall have service facilities for the BAS within 60 miles of project site. 

1.5 COORDINATION 

A. Coordination with Controls Specified in other Sections or Divisions. Other sections and/or 
divisions of this specification include controls and control devices that are to be part of or 
interfaced to the BAS specified in this section. These controls shall be integrated into the 
system and coordinated by the BAS contractor. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. The Building Automation System (BAS) contractor shall furnish and install a networked System 
Management Platform and that provides the system operator(s) a single point of entry for users 
to operate, monitor and optimize building automation, fire safety and security systems or a 
combination thereof. 

B. All information comes together at the management level. The management level is the 
graphical, interactive interface for the operator to the automation station and the integrated 
plants and plant parts. System operation must be based on a simplified approach. The operator 
can display, query, process, save, or print any plant information via the peripheral units at the 
management level.  The plants are displayed in synoptic images and the values and states are 
presented and displayed dynamically. Special programs are used for higher control, 
optimization functions, maintenance and energy management. 

C. Smart Score System for Smart Building 
1. The building management system must be an accredited solution according to the 

following programs to be used as a Smart System for Smart Buildings. 
a. WiredScore, Accredited Solution 
b. UL SPIRE - Smart System Rating Program, Certification 

D. SCADA Platform 
1. The building management system must be based on a SCADA platform that is 

compatible with the BACnet revision 20 and the B-XAWS (Cross-Domain Advanced 
Operator Workstation) profile. It must permit the integration of any building installation 
including HVAC and lighting. 

E. Multi-discipline 
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1. The building management system must be able to handle natively different disciplines in 
a building: Building Automation, Power Management, Fire Safety, Industrial PLC’s, 
Access Control, Intrusion, Video. 

2. The disciplines must allow distribution across independent servers if required. The scope 
of access for controlling and monitoring discipline data must allow customization per user 
in every client station. 

3. Each management station of the system must be able to be assigned one or more 
disciplines, allowing customizable single or multiple discipline access mode. 

F. Long Term Storage 
1. The building management system must be able to store and archive data for a period of 

more than 10 years, allowing as an option segregation of stored data in different groups 
that can be tuned individually with different recording frequencies. Remounting offline 
archived data must also be allowed. 

G. The System Management Platform shall be a flexible, full client-server architecture allowing 
scalability from small and medium to large and complex systems. The platform shall be 
customizable. 

H. The System Management Platform shall be installed on one single computer, with full server 
and client functionality. The installed system shall have the capability to allow Web, Windows 
App or Flex Clients to be added on separate hardware. 

I. Additional system connections, if required, shall have the ability to be made through systems 
installed with the system platform Front End Processors (FEP) configurations.  

J. System platform shall allow Web interfaces to provide the operator(s) an increased flexibility for 
operation and future extensions, e.g. mobile applications for tablets and smart phones. 

2.2 BUILDING MANAGEMENT SYSTEM MANUFACTURERS 

A. Acceptable Manufacturers:  
1. Siemens – Siemens Desigo™ CC.  
2. System to be a direct and seamless integration into existing Siemens Desigo™ CC V9.0 

system on the campus. Contact: John Radetich Tel: 215-206-4594 Email: 
john.radetich@siemens.com. 

3. System Management Platform shall support connectivity with the following: 
a. Cerberus DMS 
b. Desigo CC Compact BA 
c. Desigo CC Compact Electrical Applications 
d. Desigo CC Compact Validated Monitoring 
e. Desigo CC Connect 

2.3 SYSTEM REQUIREMENTS 

A. All networked control products provided for this project shall be comprised of an industry 
standard open protocol internetwork.  Communication involving control components (i.e. all 
types of controllers and operator interfaces) shall conform to ASHRAE 135-2010 BACnet 
standard.  Networks and protocols proprietary to one company or distributed by one company 
are prohibited. 

B. Siemens Control Instruments 

mailto:john.radetich@siemens.com
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A. AUTOMATIC CONTROL VALVES 
 

1. Select valves to fail safe in normally open or closed position as shown on contract drawings. 
When normally closed or normally open valve position is not shown valves shall fail as is the 
normal practice and necessary for freeze, humidity, fire, or temperature protection. 

 

2. Select two-way valves for liquids to have equal percentage characteristics. Size valve opera-
tors to close valves against pump shut off head. Size for maximum 3 PSI drop. Size head for 
minimum 1 PSI drop. 

 

3. Automatic control valves shall be arranged for proportioning control and shall be equipped with 
modulating plugs for the rated capacities as shown on the Drawings. Valve operators and trim 
shall have adequate capacity to meet maximum operating system pressures. 

 

4. Provide two-way or three-way valves as detailed on the Contract Drawings or as required by 
the Sequence of Operation. 

 

5. Actuators: Provide actuators, sized by the manufacturer, of sufficient size and power to operate 
the valve under all conditions and to close the valve tight against maximum differential pres-
sure. 

 

a. Comply with requirements of "Actuators" paragraph of this section. 
 

B. ACTUATORS 
 

1. General: Provide electric motor driven actuators (operators) arranged "fail safe' in the event of 
power failure. Operators to be quiet in operation and function within a range of 85 to 100% input 
power potential. 

 

2. Electronic damper actuators shall be Belimo or Siemens. 
 

a. The actuator shall be direct coupled over the shaft, enabling it to be mounted directly 
to the shaft without the need for connecting linkage. Single bolt or set screw type fas-
teners are not acceptable. 

b. The actuator shall have electronic overload or digital rotation sensing circuitry to pre-
vent damage to the actuator throughout the rotation of the actuator. Mechanical end 
switches or magnetic clutch to deactivate the actuator at the end of rotation are not ac-
ceptable. 

c. For power-failure/safety applications, an internal mechanical, spring return mechanism 
shall be built into the actuator housing. Non-mechanical forms of fail- safe are not ac-
ceptable. 
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d. All spring return actuators shall be capable of both clockwise or counterclockwise 
spring return operation by simply changing the mounting orientation. 

e. Proportional actuators shall accept a 0 to 10 VDC or 4 to 20 mA control signal over their 
operating range. An actuator capable of accepting a pulse width modulating control signal 
and providing full proportional operation is acceptable. All actuators shall provide a posi-
tion feedback signal. 

f. All 24 VAC/DC actuators shall operate on Class 2 wiring and shall not require more 
than 10 VA for AC or more than 8 watts for DC applications. Actuators operating on 
120 VAC power shall not require more than 10 VA. Actuators operating on 230 VAC 
power shall not require more than 11 VA. 

g. Dampers shall fail safe in normally open or closed position as shown on contract draw-
ings. When normally closed or normally open damper position is not shown dampers 
shall fail as is the normal practice and necessary for freeze, humidity, fire, or tempera-
ture protection. 

h. All non-spring return actuators shall have an external manual gear release to allow 
manual positioning of the damper when the actuator is not powered. Spring return ac-
tuators with more than 60 in-lb torque capacity shall have a manual crank for this pur-
pose. 

 

3. Damper Actuator Mounting 
 

a. If located outside the duct or casing, mount operators on a 14 gauge reinforced sup-
port plate arranged to allow insulation between the support plate and the face of the 
duct or casing. 

b. Brace damper operators rigid to show no deflection or movement over the full range of 
the damper stroke. 

 

4. Automatic Dampers for Telecommunication Room Fire Suppression Agent Isolation shall be 
rated Class 1 at 4” pressure and 200 fpm velocity, with fast acting operators. Dampers and op-
erators shall meet the requirements of NFPA 2001 and UL Standard 555S. Dampers shall be in-
itiated by signal from existing FM-200 system controls. 

 

C. SYSTEM ACCURACY 
 

1. Accuracy and Stability: Equipment shall be selected for the appropriate range of the application. 
Equipment selected with ranges in excess of the application will be replaced at the Contractor's 
expense. Unless otherwise specified or called for on the Drawings, the minimum system accu-
racy shall be in accordance with the following: 

 

2. Temperature 
 

a. Space temperature with a range of 50 to 85° F plus or minus 0.5° F for continued 
space; 30 to 130° F plus or minus 1° F for unconditioned space. 

b. Duct temperature with a range of 44 to 140° F plus or minus 0.5° F. 
c. Outside Air (OA) temperature with a range of minus 30 to plus 130° F, plus or minus 1° 

F; with a subrange of plus 30 to plus 100° F, plus or minus 0.5° F. 
d. Water temperature with a range of 33 to 100° F, plus or minus 0.5° F; the range of 100 

to 250° F, plus or minus 1.0°F; and water temperature for the purpose of 
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performing BTU calculations using differential temperatures to plus or minus 0.5 
 

3. Humidity: Accuracy shall be 3% of full scale. Sensors to have single point calibration. 
4. Pressure: Pressure with a range for the specific application plus or minus 1.0% of range. 
5. Flow: Flow with a range for the specific application plus or minus 2.0% of range, and flows for 

the purpose of BTU calculations to plus or minus 1.0% of range 
6. Power kWH and kW demand with a range for the specific application plus or minus 1.0% of 

reading. 
7. An analog value input to the system's equipment via an analog input shall be displayed with a 

maximum error of 0.5% 
8. Analog Input Resolution: The minimum analog value resolution shall be one quarter of the ac-

curacy tolerance value specified. Resolution shall be defined as the accuracy tolerance value 
specified. Resolution shall be defined as the least measured value difference between two ad-
jacent values, in engineering units, that can be distinguished one from the other. Provide signal 
conditioning to improve analog input resolution, if required. 

 

D. SENSORS AND OTHER DEVICES 
 

1. Temperature Sensors: 
 

a. Temperature sensors shall be provided for space, duct, fluid, and outside air sensing. All 
temperature sensors shall be accurate to .5 shall have a demonstrated stability of .45 
year.  

b. Temperature sensors shall be solid state thin film wire wound platinum RTDs, Current 
Loop, or Integrated.  Siemens QAM Temperature Sensors or approved equal. 

c. Room temperature sensors shall be located and installed as shown on Drawings. 
 

2. Humidity Sensors: 
 

a. Electronic Humidity Transmitters: Electronic humidity transmitters shall produce a linear 
4-20 MA signal over a range of 10 to 90% RH. Siemens QFA Humidity sensor or ap-
proved equal. 

b. Provide a duct mounted humidity transmitter for air handler. Install humidity transmitter in 
return air ducts entering each air handler. Siemens QFM Humidity sensor or approved 
equal. 

 
3. Pressure Sensors: 

a. Electronic static and differential pressure transmitters shall be stainless steel diaphragm 
type, with a variable capacitance electrode to produce a linear signal over the appropriate 
input range. Input ranges shall be available from 0.1" WC to 25" WC and transmitters 
shall be selected for 150% of the design pressure. Both zero and span shall be field ad-
justable. Accuracy shall be 1% of full scale over the selected range. 

b. Smoke detectors shall be tied into the fire alarm system for alarm reporting and directly 
hard wire connected to the fan starters for automatic shutdown on alarm occurrences. 

c. Low limit thermostats (freezestats) shall be provided for all air handlers with hot water 
and/or chilled water coils as stated on the drawings, and shall be hard wired to shut down 
their respective unit should the temperature at any point on its sensing element fall below 
35. Provide 1 foot of sensing element for each 1 sq. ft. of duct cross section. Freezestat 
shall be wired to directly shutdown the fan on alarm occurrence. Freezestat shall be field 
adjustable. 
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4. Differential Pressure Switches: 
 

a. Binary differential pressure sensors shall be used to indicate pump and fan operation, 
proof of flow and for indicating high pressure drop across filters. These sensors shall 
be of diaphragm type and shall be adjustable and furnished in ranges compatible with 
their service. 

 

5. Current Sensing Relays: 
 

a. Solid state switch shall operate when current level sensed by internal current trans-
former exceeds the threshold value set by the adjustable setpoint. Internal circuits shall 
be totally powered by induction from the line being monitored. 

 

6. Relays: 
 

a. All relays, except lighting control relays, shall be rated at double the design voltage 
and current service, mounted on a circuit board and wired to numbered terminal strips. 

b. Start/Stop relay modules shall provide either momentary or maintained switching ac-
tion as appropriate for the motor being started. 

 

7. Enclosures: 
 

a. Enclosures shall be dust tight and furnished with hinged locking doors. Provide an en-
graved nameplate on the face of the panel clearly describing its function.  All devices lo-
cated within the enclosure shall be clearly labeled. All wiring within the panel shall be in 
accordance with NEMA, UL standard, NEC and local codes. Details and proposed 
mounting location of each enclosure shall be submitted prior to construction. All enclo-
sures shall be factory prewired and pre-piped to terminal strips prior to arrival at job site. 

b. Provide wiring diagram mounted inside door with plastic protective covering. 
 

8. Flow Switches 
a. Water flow switches will be of the paddle type equipped with SPDT contacts 

 

9. Thermometers and Gauges: 
 

a. All piping systems shall be provided by the Mechanical Contractor. 
b. The Mechanical Contractor shall furnish and install duct pressure gauges and ther-

mometers at all locations in the duct work where temperature and/or pressure transmit-
ters are installed. 

 

10. Flow Sensors 
 

a. Provide flow sensors for measuring liquid flow in piping and air flow in ductwork where 
shown on the Drawings or required by the sequence of operation. 

b. Flow sensor output shall be compatible with controller served. 
c. Duct Airflow Measuring Station (AFMS) shall have a multiport, sensing tube station. 

 

1) Casing: Galvanized-steel frame. 
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2) Flow Straightener: Aluminum honeycomb, 3/4-inch (20-mm) parallel cell, 3 inches 
(75 mm) deep. Provide where straight duct run requirement can not be met. 

3) Each duct or opening mounted AFMS shall consist of one to four sensor probes 
and a single, remote transmitter. 

4) Each sensor probe shall consist of one to eight independent sensor nodes. 
5) Each sensor node shall consist of two hermetically sealed bead-in-glass thermis-

tors. 
E. WIRING 

 

1. Wiring shall be in accordance with Specification 260000, Low Voltage Electrical Power Con-
ductors and Cables. 

 

F. AIR QUALITY SENSORS WITH TEMPERATURE SENSOR, CO2 SENSOR AND HUMIDITY 
SENSOR 

 

1. Air quality sensors with temperature sensor, co2 sensor and humidity sensor shall be Sie-
mens QPA2062 or approved equal. 

 

2. Technical details: 
 

a. Ambient temperature, operation: 0…50 °C 
b. Connection, electrical: Screw terminals 
c. Operating voltage: 24 VAC, 15…35 VDC 
d. Analog outputs: 0-10V / 4-20mA (selectable) 
e. Analog output, signal: DC 0...5 V, DC 0...10 V, DC 4...20 mA 

 

3. Measurement accuracy: Temperature: +/-1.4°F, Humidity: +/-2% between 10-90% RH; 
+/-3% outside this range, , Air Quality: +/-50 ppm + 2% of measured value 

4. Measuring range, temperature: 32 to122°F, -35…35 °C 
5. Measurement range humidity: 0 to 95 % r.h. 
6. Measuring range, CO2: 0 to 2000 ppm 
7. Dimensions (W x H x D): 90 x 100 x 36 mm 

2.4 APPLICATIONS 

A. The System Management Platform for Building Automation Systems shall support the following: 
1. Graphically operate and monitor the building automation system and take control of 

HVAC equipment. 
2. Act by manually switching devices from auto to manual mode. 
3. Detect, visualize, and acknowledge/reset faults and alarms. 
4. Collect, visualize, and compare online and offline Trend data. 
5. Create schedules to automate the operation of the building and set up exceptions, which 

override regular schedules. 
6. Compose and configure report definitions to produce a variety of performance reports the 

building. 
7. Store and retrieve system activity data, view data logs. 
8. Create and execute automated reactions between the networked systems. 
9. Send out automatic remote notifications via email, SMS, and pagers. 
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B. Main Feature Support 
1. User Profiles 

a. Individual, specific or user defined views must be adjustable for the plant overview. 
The views must cover various electrical and mechanical installations or follow 
geographic or organizational criteria and permit a customized, hierarchy view that 
depicts the management station, control systems, plant geographic layout as well 
as relationship of the mechanical facilities. 

2. User Privileges 
a. The building management system must allow users to define, change, or delete 

predefined reactions as per their user privileges. 
3. Graphics 

a. The Graphics editor shall provide an AutoCAD importing tool that allows the user 
to select and manipulate layers of AutoCAD drawings both during and after the 
import process. 

b. Standardized graphic libraries shall be provided. Library elements shall have the 
ability to be customized to the particular project. 

c. Operating Interface to CAD System: 
1) The user interface must allow users access to various system diagrams and 

floor plans using graphical depictions, menu selections, and data point 
assignments. 

2) The graphics software must also permit the import of CAD symbols (DWG, 
DXF format) or scanned images for use in the system. 

d. Graphics Symbols and Standards 
1) Plant graphics must meet the ergonomic needs of the operator. The 

displayed graphic symbols must correspond to the generally valid standard 
for HVAC symbols (DIN EN 62424 (VDE0810-24)) and ASHRAE guidelines. 
The symbols must be supported as two- and three-dimensional graphics. 

4. Textual Viewer 
a. Both panel-based and workstation-based trending shall be provided to support 

control systems without embedded Trend capabilities. 
b. Trend data shall be stored in a Microsoft SQL Server database.  
c. The Trend Comparison View allows users to time-shift the Trend View to compare 

data at different times for quick analysis of changing conditions. 
5. Trend Viewer 

a. Both panel-based and workstation-based trending shall be provided to support 
control systems without embedded Trend capabilities. 

b. Trend data shall be stored in a Microsoft SQL Server database.  
c. The Trend Comparison View shall allow users to time-shift the Trend View to 

compare data at different times for quick analysis of changing conditions. 
6. Long Term Storage and archiving 

a. System Management Platform shall allow the ability to maintain extensive amount 
of historic data online, also providing support for on-line data archiving and on-
demand re-mounting. 

7. Predefined Macros 
a. Macros shall include predefined lists of commands that enable a user to send out a 

group of commands to specified devices with a single action. Some macros can be 
started manually while others may be part of schedules defined for time-based 
functions or automatic reactions. 

b. Macros shall have the ability to be used by the system to perform multiple 
command actions. These predefined system macros are applied to specific control 
actions, such as block commands to fire control panels and system backup 
functions. 

8. Scripting 
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a. Provide a Script Editor to create sophisticated and powerful script programs based 
on JavaScript language. Scripts can be executed on demand or automatically by 
the system based on trigger conditions. 

9. Reports 
a. The System Management Platform reporting tool includes standard reporting 

templates (for example Status, Event or Configuration templates) and allows a 
user to create fully configurable reports with custom logos, headers, footers, and 
layouts that include tabular and graphical system information. Reports can be 
scheduled and saved in CSV or PDF formats for future use and/or programmed to 
be sent via email to pre-configured recipients (for example, every Monday morning 
at 8.00 AM, a report with all alarms occurred over the previous seven days is 
created and sent to the Facility Manager). 

10. Notifications 
a. System shall have the ability to be configured to automatically or manually send 

out notifications in case of an alarm. 
1) Notification shall include 3 functional levels with a seamless upgrade 

possibility: 
2) Reno: shall support notifications via Email, SMS and Pager to max. 100 

persons 
3) Reno plus: shall support advanced alerting (e.g. multi-level escalation, 

active/inactive setting of recipients, recipient time-zones, etc.) and supports 
notifications to more than 100 recipients 

4) MNS: shall support mass notification system supporting multiple input and 
output channels to alert many people 

11. Mobile App 
a. The System Management Platform app shall allow an operator view and handle 

the alarms and objects of the integrated building management platform System 
Management Platform. Mobile App connects via System Management Platform 
Web Services and consume Web Service sessions. 

12. Video Surveillance 
a. Video Surveillance in System Management Platform shall allow the operator to 

monitor and operate the video systems. Typical video surveillance workflows are 
supported, including display of live video streams, PTZ and preset operations, 
recording, tagging and recording bookmarks, search and replay and multi-camera 
operations for operating procedures, camera groups and camera sequences. 

b. Continuous monitoring of cameras, (logical) video monitors, archiving and 
recording devices allow fast response to video events shall be supported. 

c. Shall provide remote-control video capabilities allow the management of monitor 
walls and the sharing of video information and operations across the system. Each 
client can handle multiple video displays, providing support for flexible layouts and 
typical multi-monitor deployments. 

13. Building Information Modeling (BIM)  
a. The building management system must natively support Building Information 

Modeling (BIM) technology to perform the following actions: 
1) Display visual and data information from Building Automation components 

such as room controllers, field devices etc., in a 3D view. 
2) Display the 3D model of the building: 

a) Allow operators to rotate, zoom in and zoom out the mode 
b) Allow manual navigation through the 3D model, using the mouse 

cursor 
c) Support simplified navigation with single mouse click to enter through 

doors, windows, and up/down staircases 
d) Allow navigation from a system object via the browser to the 

associated equipment in the BIM view and vice versa 
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e) Allow selection of BIM equipment and provide current (runtime) 
values and status properties. Commanding of objects shall be 
supported as well via the operating pane (such as switching on a 
light) 

3) Display 2D floor plan(s) of the building 
a) Show the selected room in focus (zoom view) 
b) Show various rom statuses as colored carpets 
c) Show current room values (runtime values) directly on the floor plan 
d) Allow selection of a room or a segment 

4) Display* room status in the 3D building view 
a) Display the room operating mode (such as comfort, pre-comfort, etc.) 
b) Display the presence detectors statuses 
c) Display window states (open or closed) in a clear graphical format 
d) Display the temperature status of a room 
e) Display the lights’ state 
f) Display the positioning state of the blinds 

5) Provide a summary of all active events that are present in a selected area 
(such as a floor) 

6) Show the location of the building in Google maps (where applicable) 
7) Display the datasheet(s) and/or documentation of the selected equipment or 

field device, if relevant properties are present in the BIM data. 
8) Supported Data formats: 

a) IFC4 
b) IFC2x3 

 

C. Eco Monitoring 
1. System shall support the green leaf concept by providing real-time monitoring and 

reporting of the HVAC equipment performance from an economic and ecological point of 
view. It shall display the quality of operation with a green leaf in Graphics and identifies 
unnecessary energy consumption. It shall allow the user to optimize the operation in 
order to reduce energy consumption and wear and tear of components without affecting 
comfort in a negative manner. 

D. Flexible Room Management 
1. System shall allow the user to manage the office layout of a floor on demand. The 

systems Flexible Room Management editor, rooms can be re-assigned to floor segments. 
In addition, Central Function applications permit and support centralized control and 
coordination of defined groups, including a façade for blinds or multiple floors for lights. 
The user shall have ability to command, monitor or adjust elements of the Central 
Functions groups from a single vantage point. 

E. Energy and Power Management 
1. Energy and Power Management (EPMS) must be part of the Building Management 

System (BMS) software. 
2. Operational and engineering data from EPMS must be in the same database as those of 

the BMS. 
3. The energy management system must be certified in accordance with ISO 50001 and 

thus meet the international standard for energy management systems. 
4. The following functions must use the same workflow, not requiring separate training or 

additional login: 
a. Trending 
b. Custom Graphics generation 
c. Alarms management 
d. Logs 



Boiler Project at Bozorth Hall and Hawthorn Hall 
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 
 

 
DIVISION 23   INSTRUMENTATION AND CONTROLS  230900 – 12 of 26 
Permitting and Bidding  FOR HVAC 

e. User management with various authorization levels 
f. Scripting 
g. Help 

2.5 Management Station for Danger Management 

A. System shall allow for use with fire safety and security systems and allows users to: 
1. Visualize and handle events (for example, acknowledge, silence, and reset) 
2. Graphically monitor and control life safety and security systems 
3. Know where to start as the highest-priority events are highlighted 
4. Maintain continuous situational awareness of all fire panels with the graphical Node Map 

dashboard 
5. Directly navigate (with just one click) to the triggering element of an event 
6. Quickly navigate to custom operator instructions and graphical display of event locations 
7. Store and retrieve fire alarm system activity data 
8. Distribute fire, access, video and intrusion monitoring and control capabilities across a 

network of the system management clients 
9. Provide Operating Procedure checklists to guide the operator, under stressful conditions, 

in handling significant events 
10. Display multiple video streams 
11. Send out automatic remote notifications via email, SMS, and pagers 
12. Include and exclude (isolate/de-isolate) system devices 
13. View and schedule automatic history reports 
14. Provide “Ready To Arm” check for Intrusion 

2.6 Management Station for the Electrical Interface 

A. User management station for systems of the electrical market, mainly KNX systems, allows 
users to: 
1. Graphically operate and monitor the managed systems and take control of specific 

equipment. 
2. Edit the scenario settings defined in the macro/reactions or scripts, to adapt them with the 

project usage needs. 
3. Create schedules to automate the operation of these systems and set up exceptions, 

which override regular schedules. 
4. Compose and configure report definitions to produce a variety of activity and energy 

performance reports. 
5. Detect, visualize, and acknowledge/reset faults and alarms. 
6. Collect, visualize, and compare online and offline Trend data. 
7. Interact between different managed systems that belong to different disciplines of the 

building and that are connected using different protocols. 
8. Open for extension with other 3rd party products like Hotel Management Systems. 
9. Easy and quick import of hierarchy and configuration configured in ETS. 

2.7 Management Station for multiple Platform Interfaces 

A. Supports the combined control and management of building automation and danger 
management disciplines on a single management system allow for interaction between the 
following facilities: 
1. Unauthorized entry detected by the Intrusion system, initiates lighting and focuses the 

camera on the location. 
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2. Deteriorating weather conditions, like a storm, cause sending a centralized command to 
the room systems, opening all blinds, and informing about window contact status. 

3. After successful access control authentication, access to the room is granted, Lights are 
activated, and HVAC systems switched to occupied mode. 

4. Temporary noxious emissions, for example, from helicopter landing or vehicles at a 
loading dock, cause outside air dampers to close, stopping fresh air intake. 

5. Scheduled activation for entire building modes (for example, night mode sets lights off, 
blinds and HVAC plants to unoccupied mode, perimeter security, camera positions, lifts 
to base position). 

6. Under peak energy consumption conditions, inform the user and offer assisted 
procedures to optimize building equipment. 

7. Built-in applications for vertical transportation systems manufactured by Schindler Ltd. 
(for example, monitor elevator status, call a lift, treat passenger alarms and faults, lifts 
and escalator dynamic visualization). 

2.8 Open Platform 

A. BAS platform shall support an open platform by design and supports a variety of standard 
protocols and interfaces for field network integrations. User platform shall provide data to 
external applications and services. 

2.9 Open Integrated Systems Support 

A. User management system shall support the following: 
1. Standard protocol support for building automation, fire safety and security systems. 
2. IT compliant and IT environment enabled system. 
3. Normalization and management of data from multiple sources. 
4. Extended application development and support for simple and complex systems. 

2.10 Standard Protocols Support 

A. System shall support the following: 
1. System Management Platform communicates with field network devices to monitor and 

command information by using the following standard protocols: 
2. BACnet and BACnet/SC 
3. OPC DA (Data Access) and OPC UA (Unified Architecture) 
4. Modbus TCP 
5. SNMP 
6. M-Bus 
7. KNX and KNX Secure 
8. S7 and S7 PLUS and S7 secure communication 
9. IEC 61850 

2.11 Subsystem Integration SORIS Support 

A. System shall support Southbound Open RESTful Integration Service (SORIS).  System shall 
provide an open integration framework for System Management Platform that is easy to work 
with interoperability between computer systems on the internet: Developers shall have the 
ability to use the SORIS SDK to create SORIS adapters in Java or C# that map to the foreign 
system’s protocol or interface. For security reasons, stage 1 adapters shall be deployed locally 
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on the System Management Platform server or FEPs.  They shall have the ability to be 
deployed on other Windows, Linux or embedded device hosts inside the intranet via secure 
https communication and a VPN. 

2.12 Web Services NORIS Support 

A. System shall support Northbound Open RESTful Integration Service (NORIS). System shall 
allow external applications to read and write real time data as well as access events or historical 
values, by using the provided REST (Representational State Transfer) web service interfaces, 
e.g. NORIS. Web Services can be used for applications such as Enterprise Software, Energy 
Management services, Facility Management systems or Mobile Apps. 

2.13 OPC Server 

A. System shall allow Enterprise applications or other management systems to access real time 
values from integrated subsystems via OPC. The System Management Platform OPC Server 
supports the OPC DA (Data Access) specification. In addition, an OPC UA wrapper provides 
OPC UA Clients access to the exposed data. 

2.14 BACnet Server 

A. System shall allow 3rd party applications or other management systems to access real time 
values from integrated subsystems via BACnet. The BACnet Server complements the 
northbound interfaces of System Management Platform, and it is used to expose System 
Management Platform data, over a BACnet/IP network. 

B. The BACnet Server shall act as a gateway for non-BACnet network devices integrated to 
System Management Platform, to be exposed over a BACnet IP network, as BACnet objects. 

2.15 Fire Detection System, BACnet-based 
1. BACnet-based fire detection systems supporting BACnet BIBB AE-LS-B as well as 

objects LifeSafetyPoint and LifeSafetyZone as per the PICS (Protocol Implementation 
Conformance Statement) document must be able to be integrated for best deployment of 
a building management system. The following functions must be supported: 
a. Alarms and events from the fire detection system must be identified clearly and 

unambiguously. 
b. Signaling device states must be displayed as per the BACnet standard. 
c. Instruction texts must be able to be added to detectors and zones. 
d. Situational and floor plans as well as dynamic symbols must be used for 

visualization. 
e. A technical hierarchy, e.g. building, building part, zone, detector, must be provided 

to the operator for ease of operation. 

2.16 IEC 61850 
1. A native integration with an electrical power network via IEC 61850 protocol must be 

supported. 

2.17 Modbus 
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1. The management station must support communication to Modbus TCP/IP devices and 
sub systems directly from the management station. 

2.18 KNX 
1. The management station must support native communication to KNX devices, via KNX/IP 

protocol through KNX IP Routers, or KNX IP interfaces and gateways. 
2.  

2.19 Event Management 

A. User management system shall support Event Management (also called event or alarm 
handling) refers to the various actions and steps that users take to respond to an event (e.g. 
smoke alarm) that occurs. Such actions shall include, acknowledging the alarm, investigating its 
cause, resetting the alarm once the problem has been resolved, and filling out a report form. 

2.20 Security 

A. Cybersecurity Certification 
1. The building management system must be implemented in accordance with the 

internationally recognized standards for industrial security ISA/IEC 62443, developed by 
the International Society of Automation (ISA) and adopted by the International 
Electrotechnical Commission (IEC). 
a. The provider organization must have secure development processes certified to 

IEC 62443-4-1 Maturity Level 3 (ML3) or higher. 
b. The building management system must be certified to IEC 62443-4-2 Security 

Level 2 (SL2) or higher. 

B. Cybersecurity Guidelines 
1. Cybersecurity guidelines must be available to support secure commissioning and 

deployment of the building management system. The guidelines must describe how the 
system needs to be configured to foster secure operation of the products and solutions in 
the intended operating environment. The cybersecurity hardening guidelines must be 
maintained throughout the product lifecycle. 

C. Cybersecurity Penetration Test 
1. Cybersecurity penetration test results based on Open Web Application Security Project 

(OWASP) Application Security Verification Standard for systems with sensitive data 
(OWASP ASVS Level 2) must be available. 

D. Access Protection 
1. Different people maintain and operate the plant. Passwords must be assigned to 

authorized persons to guarantee transparency for tracking or authorization purposes. A 
minimum of four different rights must be assignable. 
a. Administrator. 
b. Program and graphics creation. 
c. Operation to change or adjust setpoints. 
d. Guest. 

E. Windows Authentication 
1. The building management control system password management must meet the 

customer's IT guidelines. In other words, the customer's corporate standard also applies 
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to the BAC system. Therefore, password management and the associated properties 
must comply with standard Windows log on and "track" the operator on each workstation. 

2.21 Certifications and Approval 

A. System shall support the following: 
1. System Management Platform shall be tested against a wide range of domain- and 

country-specific norms and standards, including: 
a. BACnet Revision 1.15, certified by BACnet Testing Laboratory as BACnet 

Advanced Workstation Software (BTL B-AWS) 
b. AMEV recommendation BACnet 2011 compliant with Management Operation Unit 

(MOU-B) profile 
c. OPC DA V2.05a and V3.0 Server, certified by the OPC Foundation certification 

program 
d. ISO500001 certification of Powermanager EM 
e. UL listed to UL864 10th edition Standard for Control Units and Accessories for 

command and control when installed on a UL864 approved computer 
f. ULC listed to ULC-S527-11 3rd edition for command and control when installed on 

a ULC-S527 approved computer 
g. UL listed to UL2572 for Mass Notification (for monitoring only when installed on a 

UL2572 approved computer) 
h. ULC listed to ULC-S576 for Mass Notification (for monitoring only when installed 

on a UL2572 approved computer) 
i. UL listed to UL-294 7th edition Standard for Safety - Access Control System Units 
j. Support of pharmaceutical industry regulatory requirements, such as US FDA 

21CFR Part 11, GMP Annex 11 or similar. 

2.22 BACnet Secure Connect (BACnet/SC) 

A. The building management station must support the BACnet/SC standard and allow: 
1. Support for any type of BACnet vendor using BACnet Secure Connect 
2. Support for dual network deployment (e.g., both SC networks and BACnet standard 

networks can be deployed) 
3. Handling of certificates for BACnet/SC 
4. Support for certificate notifications (e.g., Certificate expiry) 

2.23 BACnet Communication 
A. The Operator Workstation Software shall be capable of BACnet IP communications.  

B. The Operator Workstation Software shall have demonstrated interoperability during at least one 
BTL Interoperability Workshop. 

C. The Operator Workstation Software shall have demonstrated compliance to BTL B-AWS device 
classification through BTL listing as specified in ANSI/ASHRAE 135 under revision 1.13 or 
higher. 

D. The BAS software shall meet the BACnet device profile of an Advanced Workstation Server (B-
AWS) and Operator Workstation (B-OWS) and shall support the following BACnet BIBBs: 
1. Data Sharing 

a. DS-RP-A Data Sharing-ReadProperty-A 
b. DS-RP-B Data Sharing-ReadProperty-B 
c. DS-RPM-A Data Sharing-ReadPropertyMultiple-A 
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d. DS-RPM-B Data Sharing-ReadPropertyMultiple-B 
e. DS-WP-A Data Sharing-WriteProperty-A 
f. DS-WP-B Data Sharing-WriteProperty-B 
g. DS-WPM-A Data Sharing-WritePropertyMultiple-A 
h. DS-COV-A Data Sharing-ChangeofValue-A 
i. DS-COVP-A Data Sharing – ChangeofValueProperty-A 
j. DS-V-A Data Sharing - View - A 
k. DS-AV-A Data Sharing - Advanced View - A 
l. DS-M-A Data Sharing - Modify - A 
m. DS-AM-A Data Sharing - Advanced Modify - A 

2. Scheduling 
a. SCHED-VM-A Scheduling-View and Modify-A 
b. SCHED-AVM-A Scheduling-Advanced View and Modify-A 
c. SCHED-WS-A Scheduling-Weekly Schedule-A 

3. Alarm and Event Management 
a. AE-N-A Alarm and Event-Notification-A 
b. AE-ACK-A Alarm and Event-ACK-A 
c. AE-LS-A Alarm and Event-LifeSafety - A 
d. AE-VM-A Alarm and Event Management - View and Modify - A 
e. AE-AVM-A Alarm and Event Management - Advanced View and Modify - A 
f. AE-VN-A Alarm and Event Management - View Notifications - A 
g. AE-AVN-A Alarm and Event Management - Advanced View Notifications – A 
h. AE-AS-A Alarm and Event – Alarm Summary View –A 
i. AE-ELV-A Alarm and Event –Event Log view – A 
j. AE-ELVM-S Alarm and Event – Event Log View and Modify – A 
k. AE-ASUM-A Alarm and Event – Alarm Summary –A 
l. AE-ESUM-A Alarm and Event – Enrollment Summary –A 
m. AE-INFO-A Alarm and Event – Information-A 

4. Trending 
a. T-AMVRA-A Trending-Automated Multiple Value Retrieval-A 
b. T-V-A Trending-Viewing and Modifying Trends-A 
c. T-ATR-A Trending-Automated Trend Retrieval-A 
d. T-AVM-A Trending-Advanced View and Modify –A 
e. T-A-A – Trending – Archival - A 

5. Network Management 
a. NM-CE-A Network Management-Connection Establishment-A 

6. Device Management 
a. DM-DDB-A Device Management-Dynamic Device Binding-A 
b. DM-DDB-B Device Management-Dynamic Device Binding-B 
c. DM-DOB-A Device Management-Dynamic Object Binding-A 
d. DM-DOB-B Device Management-Dynamic Object Binding-B 
e. DM-DCC-A Device Management-DeviceCommunicationControl-A 
f. DM-TM-A Device Management-Text Message-A 
g. DM-MTS-A Device Management-Manual Time Synchronization-A 
h. DM-ATS-A Device Management-Automatic Time Synchronization-A 
i. DM-TS-A Device Management-TimeSynchronization-A 
j. DM-UTC-A Device Management-UTCTimeSynchronization-A 
k. DM-RD-A Device Management-ReinitializeDevice-A 
l. DM-BR-A Device Management-Backup and Restore-A 
m. DM-LM-A Device Management-List Manipulation-A 
n. DM-LM-B Device Management-List Manipulation-B 
o. DM-OCD-A Device Management-Object Creation and Deletion-A 
p. DM-ANM-A Device Management-Automatic Network Mapping-A 
q. DM-ADM-A Device Management-Automatic Device Mapping-A 

7. The BAS Server and Workstations shall support the following Data Link Layers: 
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a. BACnet IP Annex J 
b. BACnet IP Annex J Foreign Device 
c. ISO 8802-3, Ethernet (Clause 7) 

8. The BAS Server and Workstations shall be able to interact with all of the BACnet objects 
in the controllers.  In addition, the software shall be able to support the following objects 
as they relate to features in the workstation software: 
a. Calendar  
b. Command  
c. Event Enrollment  
d. Notification Class  
e. Schedule  
f. Trend Log  
g. Trend Log Multiple  
 

D. The BAS Server and Workstations shall support transmitting and receiving segmented messag-
es. 

E. The BAS Server and Workstation shall have the capability to be the BACnet/IP Broadcast Man-
agement Device (BBMD) and support foreign devices. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. The Contractor is responsible for delivering the hardware to the installation site, unloading and 
securing the hardware if delivered prior to installation. 

B. The Contractor shall ensure that all components specified or required to complete the 
installation satisfactorily are included, are compatible with each other, and are compatible with 
the conditions of installation and expected use. 

C. The Contractor shall ensure the overall effective operation and accuracy of individual parts and 
of the whole system. 

D. Install per manufacturer’s recommendations. 

E. Equipment 
1. Temperature sensing sells: 

a. Provide list wish shop drawing of well locations to mechancial contractor 
2. Locate temperature sensors, humidity sensors, thermostats and humidistats for room 

control in tamper proof boxes or behind security grilles, or where shown on Drawings. 
a. Locate sensor and/or stat on wall within room so it is capable of sensing true 

space conditions. 
b. Prior to installation, coordinate sensor and/or thermostat locations with DOA. 

 

3. Mount local control panel enclosures at convenient locations adjacent to equipment 
served. 

 

a. Mount all relays, PE switches, pressure switches, etc., internal to the temperature 
control panels 

b. Tag each instrument corresponding to symbols used on control diagrams. 
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c. Make fully compensated capillaries connected to instruments of sufficient length to 
allow them to be run in neat and workmanlike manner and placed in such position 
so that they will not obstruct service on equipment controlled. 

4. Mounting of field microprocessors on air handling units shall not be allowed. 

F. Identification: Label or code each field wire or pneumatic tube at each end, and each controller 
and controller device. 
1. Identification shall be permanent, robust, not subject to fading, and flameproof. 
2. Permanently mark terminal blocks at wire termination points. 
3. Identify each control device with an engraved laminated phenolic nameplate, white on 

black, lettering not less than 1/8" height, on 1 1/2" by 1" tag and brass interlocked chain 
secured to the control device. Name shall correspond with identification on the shop 
drawings. 

4. Identify sensors, controllers, relays, either mounted in local or central control panels, or 
remote mounted with a similar name tag as specified above. Attach to or adjacent to 
controllers with stainless steel or brass screws or rivets. Adhesives will not be 
acceptable. Do not attach to removable controller covers. 

G. Pipe Work: Mount strap-on sensors using helical screw stainless steel band clamp for strap-on 
thermostats, aquastats and other temperature switches on new piping for unit heaters and fan 
coil units after the pipe is cleaned to bright metal. Strap-on sensor may be used on piping up to 
2 1/2" diameter. On pipe 3 inches and larger use pipe wells. 

H. Pipe Wells: Install pipe well above the horizontal to retain liquid heat transfer fluid in the well. 

I. Valves: Install valves in piping with stems as vertical as possible but in no case more than 45 
degrees from vertical. For soldered or welded connections, remove valve internals before 
mounting. 

J. Electric Valves: Wire electric valves in accordance with NFPA 70 with not less than 2 feet of 
flexible liquid tight connector with watertight bushings at the valve actuator. Brace conduit to the 
building structure. 

K. Pressure and Temperature Sensors: Install pressure and temperature sensors as follows: 
 

1. Locate pressure and temperature sensing points sufficiently downstream from the control 
device to increase control loop time constant and minimize hunting. 

2. Locate shut-off valves and 3-valve bypasses as specified in "Sensors" paragraph of this 
Section. 

3. Locate sensors where accessible for maintenance and replacement. 
4. Do not cover or conceal sensors with insulation. 

L. Pressure Sensors for VFD operated supply and return fans: Install pressure temperature 
sensors as follows: 

 

1. Locate pressure sensors approximately 2/3 of the total duct run distance from the 
controlled fan. Whenever main supply ductwork branches select the best sensor location 
subject to Engineer’s approval. Whenever supply air is conveyed thru separate ducts, 
provide pressure sensor for each duct. Readings will be averaged out for control 
purpose. 

2. Locate sensors where accessible for maintenance and replacement. 
3. Do not cover or conceal sensors with insulation. 
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M. Space Sensors: Install space sensors as follows: 
 

1. Space sensor including space thermostats, aspirating thermostats, humidistats, pressure 
or differential pressure sensors shall be enclosed in cast brushed aluminum or 16 gauge 
brushed and ground stainless steel enclosures. Enclosures shall be tamperproof. 
Setpoint adjustment or settings shall not be visible or adjustable from outside sensors 
enclosure. Sensors shall be securely mounted and rigid. 

2. Locate room thermostats and other room sensors approximately 60 inches above the 
floor on inside wall where they will respond to average conditions in the space. 

3. Sensors mounted on outside walls, if unavoidable, shall be mounted on factory made 
insulated brushed stainless steel bases. 

8. Pressure Indicators: Provide each controller inside local field cabinets with instrumentation, 
pressure gauges, to show, at the controller location the condition of input power supply, input 
controller signal and branch line signal. Indicators shall be permanently mounted. 

N. Duct Sensors: Select duct sensor locations to properly sense average air conditions, minimize 
vibration, avoid dead air spaces, and within velocity limits required by the manufacturer. 
1. Provide velocity shields where required. 
2. Securely mount or clamp averaging elements, maximum 3' on centers to the leaving side 

of coils and equipment. Insulate averaging elements from equipment and protect from 
vibration. 

3. Provide separate duct flanges for each sensing device. 
4. Provide gaskets or sealant where elements penetrate duct walls. 
5. Mount sensor to allow easy removal and servicing without disturbing insulation or vapor 

barrier. Mount on stand-off brackets to avoid condensation. 
6. Coordinate the location for duct access doors downstream from each duct sensor. 

O. Pipe Sensors: Provide wells for all sensors and indicators measuring temperatures in pressure 
vessels and piping. 
1. Wells shall be stainless steel or bronze to match media requirements. 
2. Verify working pressure of sensor wells. 
3. Do not install wells in extension couplings. 
4. Where pipe diameters are smaller than the well length, provide wells at piping elbow or 

tees to affect flow across the entire well area. 
5. Wells may face upstream or downstream. 
6. Angle wells to retain thermal fluid within the well. 
7. Should wells restrict cross sectional pipe area to less than 70% free area, provide pipe 

increases at the well not less than 50% pipe diameter. 

3.2 GRAPHICS REQUIREMENTS 

A. Follow Graphical Interface Requirements. 

3.3 SYSTEM START UP 

A. Provide a factory authorized technician of the system to verify the installation, test the system, 
provide initial programming/set-up requirements and train the Owner on proper operation and 
maintenance of the system. Before requesting start-up services, the Contractor shall verify that: 
1. The system has been fully installed in accordance with manufacturer's installation 

instructions. 
2. Network connections have been checked for connectivity. 
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3. Proper notification of the impending start-up has been provided. 

3.4 TRAINING 

A. Provide a formal, on-site 16-hour training program for technical and administrative operating 
personnel, including operating, troubleshooting, servicing, and preventative maintenance of the 
systems installed and/or integrated as part of this specific project. 

B. Instruction shall be conducted by a manufacturer’s training / inspection representative, 
supported by training manuals and shall utilize the actual system being provided.  

C. Provide instruction for up to four technical and four administrative personnel over the period of 
the warranty. 

D. Classes must be flexibly scheduled to accommodate training for the Owner’s personnel. The 
Contractor shall schedule training with the Owner at least seven (7) days in advance of the 
training. 

3.5 WARRANTY 

A. Software environment shall include 1-year warranty. 

3.6 DEMOLITION 

A. Remove controls, which do not remain as part of the building automation system, all associated 
abandoned wiring and conduit, and all associated pneumatic tubing.  

B. The Owner shall inform the BMS Contractor of any equipment, which is to be removed, that 
shall remain the property of the Owner. All other equipment, which is removed, shall be 
disposed of by the BMS Contractor. 

3.7 CLEANING 

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

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

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

3.8 IDENTIFICATION 

A. Cables:  Identify all control wires with labeling tape or sleeves using either words, letters, or 
numbers that can be exactly cross referenced with asbuilt drawings. 
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B. Enclosures:  All field enclosures, other than controllers, shall be identified with a bakelite 
nameplate. The lettering shall be in white against a black or blue background. 

C. Junction Boxes:  Junction box covers shall be marked to indicate that they are a part of the BAS 
system. 

D. Field Devices:  All I/O field devices (except space sensors) that are not mounted within FIPs 
shall be identified with name plates. All I/O field devices inside FIPs shall be labeled. 

3.9 DEVICE LOCATIONS 

A. Project Drawings:  The location of sensors is per mechanical and architectural drawings. 

B. Space Sensors:  Space humidity or temperature sensors shall be mounted away from 
machinery generating heat, direct light, and diffuser air streams.  

C. Outside Air Conditions:  Outdoor air sensors shall be mounted on the northerly facing directly in 
the outside air. Install these sensors such that the effects of heat radiated from the building or 
sunlight is minimized. 

D. Enclosures:  Field enclosures shall be located immediately adjacent to the controller panel(s) to 
which it is being interfaced. 

3.10 SYSTEM TESTING 

A. Upon completion of the control device installation, the BMS contractor shall load all system 
software and startup the system. The BMS contractor shall perform all necessary calibration, 
testing and de-bugging and perform all required operational checks to insure that the system is 
functioning in full accordance with these specifications. 

B. Manufacturer's Field Service:  A directly employed factory authorized & trained service 
technician shall inspect, test, and adjust field assembled components and equipment 
installation, including connections, and to assist in field testing. Report results in writing. 

C. Expertise: The BMS shall be set up and checked by factory trained competent technicians 
skilled in the setting and adjustment of the BMS/DDC equipment used in this project. These 
technicians are to be experienced in the type of HVAC systems associated with this project. The 
BMS contractor shall perform tests to verify proper performance of components, routines, and 
points. Repeat tests until proper performance results. This testing shall include a point-by-point 
log to validate 100 percent of the input and output points of the DDC system operation. 

D. Point-to-Point Checkout:  Each I/O device (both field mounted as well as those located in field 
interface panels) shall be inspected and verified for proper installation and functionality. A 
checkout sheet itemizing each device shall be filled out, dated, and approved by the BMS 
contractor for submission to the owner or owner’s representative. 

E. Controller and Workstation Checkout:  A field checkout of all controllers and front end 
equipment (computers, printers, modems, etc.) shall be conducted to verify proper operation of 
both hardware and software. A checkout sheet itemizing each device and a description of the 
associated tests shall be prepared and submitted to the owner or owner’s representative by the 
completion of the project. All approved submitted sequences shall be tested by the control 
contractor before acceptance testing described below. 
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F. Control Device Verification: 
1. Verify that instruments are installed before calibration, testing, and loop or leak checks. 
2. Check instruments for proper location and accessibility. 
3. Check instrument installation for direction of flow, elevation, orientation, insertion depth, 

and other applicable considerations. 
4. Check flow instruments. Inspect tag number and line and bore size and verify that inlet 

side is identified and that meters are installed correctly. 
5. Check pressure instruments, piping slope, installation of valve manifold, and self-

contained pressure regulators. 
6. Check temperature instruments and material and length of sensing elements. 
7. Check control valves. Verify that they are in correct direction. 
8. Verify that DDC controller power supply is from emergency power supply, if applicable. 

Verify that wires at control panels are tagged with their service designation and approved 
tagging system. Verify that spare I/O capacity has been provided. Verify that DDC 
controllers are protected from power supply surges. Replace damaged or malfunctioning 
controls and equipment and repeat testing procedures. 

G. Calibrating and Adjusting 
1. Initial Setpoints:  Adjust initial temperature and humidity set points. 
2. Calibrate instruments:  Make three point calibration test for both linearity and accuracy for 

each analog instrument. Calibrate equipment and procedures using manufacturer's 
written recommendations and instruction manuals. Use test equipment with accuracy at 
least double that of instrument being calibrated. 

3. Control System Inputs and Outputs: 
a. Check analog inputs at 0, 50, and 100 percent of span. 
b. Check analog outputs using milliampere meter at 0, 50, and 100 percent output. 
c. Check digital inputs using jumper wire. 
d. Check digital outputs using ohmmeter to test for contact making or breaking. 

4. Flow:  Set differential pressure flow transmitters for 0 and 100 percent values with 3 point 
calibration accomplished at 50, 90, and 100 percent of span. Manually operate flow 
switches to verify that they make or break contact. 

5. Pressure:  Calibrate pressure transmitters at 0, 50, and 100 percent of span. Calibrate 
pressure switches to make or break contacts, with adjustable differential set at minimum. 

6. Temperatures:  Calibrate resistance temperature transmitters at 0, 50, and 100 percent of 
span using a precision resistance source. Calibrate temperature switches to make or 
break contacts. 

7. Dampers and Valves:  Stroke and adjust control valves and dampers without positioners, 
following the manufacturer's recommended procedure, so that valve or damper is 100 
percent open and closed. Stroke and adjust control valves and dampers with positioners, 
following manufacturer's recommended procedure, so that valve and damper is 0, 50, 
and 100 percent closed. 

H. Provide diagnostic and test instruments for calibration and adjustment of system. 

I. Provide written description of procedures and equipment for calibrating each type of instrument. 
Submit procedures review and approval before initiating startup procedures. 

J. The BMS acceptance shall be contingent upon completion and review of all corrected 
deficiencies. The system shall not be accepted until all forms and checklists completed as part 
of the demonstration are submitted and approved as required in Part 1, “Submittals.” 

K. All application software shall be verified and compared against the sequences of operation. 
Control loops shall be exercised by inducing a setpoint shift of at least 10 percent and observing 
whether the system successfully returns the process variable to setpoint. Record all test results 
and attach to the Test Results Sheet. 
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L. Test each alarm in the system and validate that the system generates the appropriate alarm 
message, that the message appears at all prescribed destinations (workstations or printers), 
and that any other related actions occur as defined (i.e., graphic panels are invoked, reports are 
generated, etc.). Submit a Test Results Sheet to the owner. 

M. Perform an operational test of each unique graphic display and report to verify that the item 
exists, that the appearance and content are correct, and that any special features work as 
intended. Submit a Test Results Sheet to the owner. 

N. Perform an operational test of each third party interface that has been included as part of the 
automation system. Verify that all points are properly polled, that alarms have been configured, 
and that any associated graphics and reports have been completed. If the interface involves a 
file transfer over Ethernet, test any logic that controls the transmission of the file, and verify the 
content of the specified information. 

O. At the completion of the Acceptance Testing, this BMS contractor shall demonstrate the 
sequence of operations for each system to the Architect or his representative. 

3.11 BMS ACCEPTANCE 

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

3.12 BMS OPERATOR TRAINING 

A. During system commissioning and at such time acceptable performance of the Control System 
hardware and software has been established, the BMS contractor shall provide onsite operator 
instruction to the owner's operating personnel. Operator instruction shall be done during normal 
working hours and shall be performed by a competent representative familiar with the system 
hardware, software, and accessories. 

B. The BMS contractor shall provide 8 total hours of comprehensive training in multiple sessions 
for system orientation, product maintenance and troubleshooting, programming, and 
engineering.  
1. These classes are to be spread out during the 1st year warranty period.  
2. The first class starting after final commissioning and the last class is to be in the last 

month of 1 year warranty period. 

C. Training Personnel:  A BMS representative who is factory trained and authorized to provide 
such service shall provide training to the Owner's personnel. The training shall include 
instruction of the owners’ designated personnel on the operation and maintenance of the entire 
BMS. This orientation shall, at a minimum, consist of a review of the project asbuilt drawings, 
The BMS software layout and naming conventions and a walk through of the facility to identify 
panel and device locations 
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3.13 WARRANTY 

A. Equipment, materials, and workmanship incorporated into the work shall be warranted for a 
period of one year from the time of system acceptance. 

B. Remote Connectivity:  The Owner shall provide all Internet Service Provider services and 
connections (Full time high speed ISP connection recommended for remote site access (i.e., 
T1, ADSL, cable modem)) for the BMS Contractor to perform BMS warranty response work. 
This connection shall be maintained throughout the warranty period at the Owner’s cost for 
remote site warranty access and support. The BMS contractor shall identify the specific 
connection requirements in a shop drawing submittal. 

C. Occupancy Adjustments:  When requested by the owner within 12 months of date of Substantial 
Completion: Provide remote adjustment to the system to suit actual occupied conditions. 
Provide up to three site visits during normal occupancy hours for this purpose. 

D. Material Warranty Repair &/or replacement:  Within this period, upon notice by the Owner, any 
defects in the BMS due to faulty materials, methods of installation or workmanship shall be 
promptly repaired or replaced by the BMS contractor at no expense to the Owner. 

E. Maintenance of Computer Software Programs:  The BMS contractor shall maintain all software 
during the standard first year warranty period. All factory upgrades to software during the first 
year warranty period shall be added to the systems, when they become available, at no 
additional cost.  

F. Service Period:  Non-warranty service calls by the owner shall be addressed within 24 hours. 
Non-warranty service, replacement or repair are not to be considered as part of routine 
maintenance. 

G. Service Documentation:  A copy of the service report associated with each owner initiated 
service call shall be provided to the owner. 

H. BMS System Access:  The Owner shall grant to the BMS Contractor reasonable access to the 
BMS during the warranty period. Remote access to the BMS (for the purpose of diagnostics and 
troubleshooting, via the Internet, during the warranty period) shall be allowed.  

3.14 OPERATION & MAINTENANCE MANUALS 

A. See Division 1 for requirements. O&M manuals shall include the following elements, as a 
minimum: 
1. Asbuilt control drawings for all equipment. 
2. Asbuilt Network Communications Diagram. 
3. General description and specifications for all components. 
4. Completed Performance Verification sheets. 
5. Completed Controller Checkout/Calibration Sheets. 

3.15 PROTECTION 

A. Protect installed products until completion of project. 

B. Touch up, repair, or replace damaged products before Substantial Completion. 
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END OF SECTION 230900 
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SECTION 231123 - FACILITY NATURAL-GAS PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Pipes, tubes, and fittings. 
2. Piping specialties. 
3. Piping and tubing joining materials. 
4. Valves. 
5. Pressure regulators. 
6. Mechanical sleeve seals. 

1.3 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred 
spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings, 
unexcavated spaces, crawlspaces, and tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied 
spaces and mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient 
temperatures and weather conditions.  Examples include rooftop locations. 

1.4 PERFORMANCE REQUIREMENTS 

A. Minimum Operating-Pressure Ratings: 

1. Piping and Valves:  100 psig minimum unless otherwise indicated. 
2. Service Regulators:  100 psig minimum unless otherwise indicated. 
3. Minimum Operating Pressure of Service Meter:  As required by utility company 

specifications. 

B. Natural-Gas System Pressures within Buildings:  Primary pressure is 2 psig or less. 

1.5 SUBMITTALS 

A. Product Data:  For each type of the following: 
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1. Piping specialties. 
2. Corrugated, stainless-steel tubing with associated components. 
3. Valves.  Include pressure rating, capacity, settings, and electrical connection data of 

selected models. 
4. Pressure regulators.  Indicate pressure ratings and capacities. 
5. Service meters.  Indicate pressure ratings and capacities.  Include bypass fittings. 
6. Dielectric fittings. 
7. Mechanical sleeve seals. 
8. Escutcheons. 

B. Shop Drawings:  For facility natural-gas piping layout.  Include plans, piping layout and 
elevations, sections, and details for fabrication of pipe anchors, hangers, supports for multiple 
pipes, alignment guides, expansion joints and loops, and attachments of the same to building 
structure.  Detail location of anchors, alignment guides, and expansion joints and loops. 

1. Shop Drawing Scale:  1/4 inch per foot. 
2. Detail mounting, supports, and valve arrangements for service meter assembly and 

pressure regulator assembly. 

C. Coordination Drawings:  Plans and details, drawn to scale, on which natural-gas piping is shown 
and coordinated with other installations, using input from installers of the items involved. 

D. Site Survey:  Plans, drawn to scale, on which natural-gas piping is shown and coordinated with 
other services and utilities. 

E. Qualification Data:  For qualified professional engineer. 

F. Welding certificates. 

G. Field quality-control reports. 

H. Operation and Maintenance Data:  For pressure regulators to include in emergency, operation, 
and maintenance manuals. 

1.6 QUALITY ASSURANCE 

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

B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME Boiler and 
Pressure Vessel Code. 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Handling Flammable Liquids:  Remove and dispose of liquids from existing natural-gas piping 
according to requirements of authorities having jurisdiction. 
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B. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, 
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and 
moisture. 

C. Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging 
coating, and protect from direct sunlight. 

1.8 PROJECT CONDITIONS 

A. Perform site survey, research public utility records, and verify existing utility locations.  Contact 
utility-locating service for area where Project is located. 

B. Interruption of Existing Natural-Gas Service:  Do not interrupt natural-gas service to facilities 
occupied by Owner or others unless permitted under the following conditions and then only after 
arranging to provide purging and startup of natural-gas supply according to requirements 
indicated: 

1. Notify Owner no fewer than five days in advance of proposed interruption of natural-gas 
service. 

2. Do not proceed with interruption of natural-gas service without Owner's written 
permission. 

1.9 COORDINATION 

A. Coordinate sizes and locations of concrete bases with actual equipment provided. 

B. Coordinate requirements for access panels and doors for valves installed concealed behind 
finished surfaces.  Comply with requirements in Division 08 Section "Access Doors and 
Frames." 

PART 2 - PRODUCTS 

2.1 PIPES, TUBES, AND FITTINGS 

A. Steel Pipe:  ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B. 

1. Malleable-Iron Threaded Fittings:  ASME B16.3, Class 150, standard pattern. 
2. Wrought-Steel Welding Fittings:  ASTM A 234/A 234M for butt welding and socket 

welding. 
3. Unions:  ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint, 

and threaded ends. 
4. Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, minimum Class 150, including 

bolts, nuts, and gaskets of the following material group, end connections, and facings: 

a. Material Group:  1.1. 
b. End Connections:  Threaded or butt welding to match pipe. 
c. Lapped Face:  Not permitted underground. 
d. Gasket Materials:  ASME B16.20, metallic, flat, asbestos free, aluminum o-rings, 

and spiral-wound metal gaskets. 
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e. Bolts and Nuts:  ASME B18.2.1, carbon steel aboveground and stainless steel 
underground. 

5. Protective Coating for Underground Piping:  Factory-applied, three-layer coating of 
epoxy, adhesive, and PE. 

a. Joint Cover Kits:  Epoxy paint, adhesive, and heat-shrink PE sleeves. 

2.2 PIPING SPECIALTIES 

A. Weatherproof Vent Cap:  Cast- or malleable-iron increaser fitting with corrosion-resistant wire 
screen, with free area at least equal to cross-sectional area of connecting pipe and threaded-
end connection. 

2.3 JOINING MATERIALS 

A. Joint Compound and Tape:  Suitable for natural gas. 

B. Welding Filler Metals:  Comply with AWS D10.12/D10.12M for welding materials appropriate for 
wall thickness and chemical analysis of steel pipe being welded. 

2.4 MANUAL GAS SHUTOFF VALVES 

A. See "Aboveground Manual Gas Shutoff Valve Schedule" Articles for where each valve type is 
applied in various services. 

B. General Requirements for Metallic Valves, NPS 2 and Smaller:  Comply with ASME B16.33. 

1. CWP Rating:  125 psig . 
2. Threaded Ends:  Comply with ASME B1.20.1. 
3. Dryseal Threads on Flare Ends:  Comply with ASME B1.20.3. 
4. Tamperproof Feature:  Locking feature for valves indicated in "Underground Manual Gas 

Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" 
Articles. 

5. Listing:  Listed and labeled by an NRTL acceptable to authorities having jurisdiction for 
valves 1 inch and smaller. 

6. Service Mark:  Valves 1-1/4 inches to NPS 2 shall have initials "WOG" permanently 
marked on valve body. 

C. General Requirements for Metallic Valves, NPS 2-1/2 and Larger:  Comply with ASME B16.38. 

1. CWP Rating:  125 psig . 
2. Flanged Ends:  Comply with ASME B16.5 for steel flanges. 
3. Tamperproof Feature:  Locking feature for valves indicated in "Underground Manual Gas 

Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" 
Articles. 

4. Service Mark:  Initials "WOG" shall be permanently marked on valve body. 

D. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim:  MSS SP-110. 
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1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. BrassCraft Manufacturing Company; a Masco company. 
b. Conbraco Industries, Inc.; Apollo Div. 
c. Lyall, R. W. & Company, Inc. 
d. McDonald, A. Y. Mfg. Co. 

2. Body:  Bronze, complying with ASTM B 584. 
3. Ball:  Chrome-plated bronze. 
4. Stem:  Bronze; blowout proof. 
5. Seats:  Reinforced TFE; blowout proof. 
6. Packing:  Threaded-body packnut design with adjustable-stem packing. 
7. Ends:  Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff 

Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles. 
8. CWP Rating:  600 psig. 
9. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction. 
10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body. 

E. Bronze Plug Valves: MSS SP-78. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. McDonald, A. Y. Mfg. Co. 
b. Lee Brass Company. 

2. Body: Bronze, complying with ASTM B 584. 
3. Plug: Bronze. 
4. Ends: Threaded, socket, or flanged as indicated in "Underground Manual Gas Shutoff 

Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles. 
5. Operator: Square head or lug type with tamperproof feature where indicated. 
6. Pressure Class: 125 psig. 
7. Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction. 
8. Service: Suitable for natural-gas service with "WOG" indicated on valve body. 

F. Cast-Iron, Lubricated Plug Valves:  MSS SP-78. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Flowserve. 
b. Homestead Valve; a division of Olson Technologies, Inc. 
c. McDonald, A. Y. Mfg. Co. 
d. Milliken Valve Company. 
e. Mueller Co.; Gas Products Div. 
f. R&M Energy Systems, A Unit of Robbins & Myers, Inc. 

2. Body:  Cast iron, complying with ASTM A 126, Class B. 
3. Plug:  Bronze or nickel-plated cast iron. 
4. Seat:  Coated with thermoplastic. 
5. Stem Seal:  Compatible with natural gas. 
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6. Ends:  Threaded or flanged as indicated in "Underground Manual Gas Shutoff Valve 
Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles. 

7. Operator:  Square head or lug type with tamperproof feature where indicated. 
8. Pressure Class:  125 psig. 
9. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to 

authorities having jurisdiction. 
10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body. 

2.5 PRESSURE REGULATORS 

A. General Requirements: 

1. Single stage and suitable for natural gas. 
2. Steel jacket and corrosion-resistant components. 
3. Elevation compensator. 
4. End Connections:  Threaded for regulators NPS 2 and smaller; flanged for regulators 

NPS 2-1/2 and larger. 

B. Line Pressure Regulators:  Comply with ANSI Z21.80. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Actaris. 
b. American Meter Company. 
c. Eclipse Combustion, Inc. 
d. Fisher Control Valves and Regulators; Division of Emerson Process Management. 
e. Invensys. 
f. Maxitrol Company. 
g. Richards Industries; Jordan Valve Div. 

2. Body and Diaphragm Case:  Cast iron or die-cast aluminum. 
3. Springs:  Zinc-plated steel; interchangeable. 
4. Diaphragm Plate:  Zinc-plated steel. 
5. Seat Disc:  Nitrile rubber resistant to gas impurities, abrasion, and deformation at the 

valve port. 
6. Orifice:  Aluminum; interchangeable. 
7. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon. 
8. Single-port, self-contained regulator with orifice no larger than required at maximum 

pressure inlet, and no pressure sensing piping external to the regulator. 
9. Pressure regulator shall maintain discharge pressure setting downstream, and not 

exceed 150 percent of design discharge pressure at shutoff. 
10. Overpressure Protection Device:  Factory mounted on pressure regulator. 
11. Atmospheric Vent:  Factory- or field-installed, stainless-steel screen in opening if not 

connected to vent piping. 
12. Maximum Inlet Pressure:  2 psig. 

C. Appliance Pressure Regulators:  Comply with ANSI Z21.18. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Canadian Meter Company Inc. 
b. Eaton Corporation; Controls Div. 
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c. Harper Wyman Co. 
d. Maxitrol Company. 
e. SCP, Inc. 

2. Body and Diaphragm Case:  Die-cast aluminum. 
3. Springs:  Zinc-plated steel; interchangeable. 
4. Diaphragm Plate:  Zinc-plated steel. 
5. Seat Disc:  Nitrile rubber. 
6. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon. 
7. Factory-Applied Finish:  Minimum three-layer polyester and polyurethane paint finish. 
8. Regulator may include vent limiting device, instead of vent connection, if approved by 

authorities having jurisdiction. 
9. Maximum Inlet Pressure:  2 psig. 

2.6 DIELECTRIC FITTINGS 

A. Dielectric Unions: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Capitol Manufacturing Company. 
b. Central Plastics Company. 
c. Hart Industries International, Inc. 
d. McDonald, A. Y. Mfg. Co. 
e. Watts Regulator Co.; Division of Watts Water Technologies, Inc. 
f. Wilkins; Zurn Plumbing Products Group. 

2. Minimum Operating-Pressure Rating:  150 psig. 
3. Combination fitting of copper alloy and ferrous materials. 
4. Insulating materials suitable for natural gas. 
5. Combination fitting of copper alloy and ferrous materials with threaded, brazed-joint, 

plain, or welded end connections that match piping system materials. 

B. Dielectric Flanges: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Capitol Manufacturing Company. 
b. Central Plastics Company. 
c. Watts Regulator Co.; Division of Watts Water Technologies, Inc. 
d. Wilkins; Zurn Plumbing Products Group. 

2. Minimum Operating-Pressure Rating:  150 psig. 
3. Combination fitting of copper alloy and ferrous materials. 
4. Insulating materials suitable for natural gas. 
5. Combination fitting of copper alloy and ferrous materials with threaded, brazed-joint, 

plain, or welded end connections that match piping system materials. 

C. Dielectric-Flange Kits: 
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1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Advance Products & Systems, Inc. 
b. Calpico Inc. 
c. Central Plastics Company. 
d. Pipeline Seal and Insulator, Inc. 

2. Minimum Operating-Pressure Rating:  150 psig. 
3. Companion-flange assembly for field assembly. 
4. Include flanges, full-face- or ring-type neoprene or phenolic gasket, phenolic or PE bolt 

sleeves, phenolic washers, and steel backing washers. 
5. Insulating materials suitable for natural gas. 
6. Combination fitting of copper alloy and ferrous materials with threaded, brazed-joint, 

plain, or welded end connections that match piping system materials. 

2.7 SLEEVES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 
ends. 

B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, 
with plain ends and integral waterstop, unless otherwise indicated. 

2.8 MECHANICAL SLEEVE SEALS 

A. Description:  Modular sealing element unit, designed for field assembly, to fill annular space 
between pipe and sleeve. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Advance Products & Systems, Inc. 
b. Calpico Inc. 
c. Metraflex Company (The). 
d. Pipeline Seal and Insulator, Inc. 

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of pipe.  Include type 
and number required for pipe material and size of pipe and sleeve. 

3. Pressure Plates:  Carbon steel. 
4. Connecting Bolts and Nuts:  Carbon steel with corrosion-resistant coating of length 

required to secure pressure plates to sealing elements.  Include one nut and bolt for each 
sealing element. 

2.9 ESCUTCHEONS 

A. General Requirements for Escutcheons:  Manufactured wall and ceiling escutcheons and floor 
plates, with ID to fit around pipe or tube, and OD that completely covers opening. 

B. Split-Casting, Cast-Brass Escutcheons:  With concealed hinge and set screw. 
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1. Finish:  Polished chrome-plated. 

C. Split-Plate, Stamped-Steel Escutcheons:  With exposed-rivet hinge, set screw or spring clips, 
and chrome-plated finish. 

D. Split-Casting, Floor-Plate Escutcheons:  Cast brass with concealed hinge and set screw. 

2.10 GROUT 

A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout. 

1. Characteristics:  Post-hardening, volume adjusting, nonstaining, noncorrosive, 
nongaseous, and recommended for interior and exterior applications. 

2. Design Mix:  5000-psi, 28-day compressive strength. 
3. Packaging:  Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in for natural-gas piping system to verify actual locations of piping 
connections before equipment installation. 

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

3.2 PREPARATION 

A. Close equipment shutoff valves before turning off natural gas to premises or piping section. 

B. Inspect natural-gas piping according to the International Fuel Gas Code to determine that 
natural-gas utilization devices are turned off in piping section affected. 

C. Comply with the International Fuel Gas Code requirements for prevention of accidental ignition. 

3.3 OUTDOOR PIPING INSTALLATION 

A. Comply with the International Fuel Gas Code for installation and purging of natural-gas piping. 

B. Steel Piping with Protective Coating: 

1. Apply joint cover kits to pipe after joining to cover, seal, and protect joints. 
2. Repair damage to PE coating on pipe as recommended in writing by protective coating 

manufacturer. 
3. Replace pipe having damaged PE coating with new pipe. 

C. Install fittings for changes in direction and branch connections. 
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D. Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using sleeves and 
mechanical sleeve seals.  Select sleeve size to allow for 1-inch annular clear space between 
pipe and sleeve for installing mechanical sleeve seals. 

1. Install steel pipe for sleeves smaller than 6 inches in diameter. 
2. Install cast-iron "wall pipes" for sleeves 6 inches and larger in diameter. 

E. Mechanical Sleeve Seal Installation:  Select type and number of sealing elements required for 
pipe material and size.  Position pipe in center of sleeve.  Assemble mechanical sleeve seals 
and install in annular space between pipe and sleeve.  Tighten bolts against pressure plates 
that cause sealing elements to expand and make watertight seal. 

F. Install pressure gage downstream from each service regulator.  Pressure gages are specified in 
Division 23 Section "Meters and Gages for HVAC Piping." 

3.4 INDOOR PIPING INSTALLATION 

A. Comply with the International Fuel Gas Code for installation and purging of natural-gas piping. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Indicated locations and arrangements are used to size pipe and calculate friction loss, 
expansion, and other design considerations.  Install piping as indicated unless deviations to 
layout are approved on Coordination Drawings. 

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

D. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 
and service areas. 

E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise. 

F. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

G. Locate valves for easy access. 

H. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps. 

I. Install piping free of sags and bends. 

J. Install fittings for changes in direction and branch connections. 

K. Install escutcheons at penetrations of interior walls, ceilings, and floors. 

1. New Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-pattern 
typRetain one of first two subparagraphs below. 

b. Piping at Ceiling Penetrations in Finished Spaces:  Split-casting, cast-brass type 
with polished chrome-plated finish. 
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c. Piping at Ceiling Penetrations in Finished Spaces: Split-plate, stamped-steel type 
with concealed hinge and set screw. 

d. Piping in Unfinished Service Spaces:  One-piece, cast-brass type with polished 
chrome-plated finish. 

e. Piping in Equipment Rooms:  One-piece, cast-brass type. 
f. Piping in Equipment Rooms:  One-piece, stamped-steel type with set screw or 

spring clips. 

L. 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 07 Section "Penetration Firestopping." 

M. Verify final equipment locations for roughing-in. 

N. Comply with requirements in Sections specifying gas-fired appliances and equipment for 
roughing-in requirements. 

O. Drips and Sediment Traps:  Install drips at points where condensate may collect, including 
service-meter outlets.  Locate where accessible to permit cleaning and emptying.  Do not install 
where condensate is subject to freezing. 

1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped.  
Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches long and 
same size as connected pipe.  Install with space below bottom of drip to remove plug or 
cap. 

P. Extend relief vent connections for service regulators, line regulators, and overpressure 
protection devices to outdoors and terminate with weatherproof vent cap. 

Q. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below grade or 
floors, and in floor channels unless indicated to be exposed to view. 

R. Concealed Location Installations:  Except as specified below, install concealed natural-gas 
piping and piping installed under the building in containment conduit constructed of steel pipe 
with welded joints as described in Part 2.  Install a vent pipe from containment conduit to 
outdoors and terminate with weatherproof vent cap. 

1. Above Accessible Ceilings:  Natural-gas piping, fittings, valves, and regulators may be 
installed in accessible spaces without containment conduit. 

2. In Floors:  Install natural-gas piping with welded or brazed joints and protective coating in 
cast-in-place concrete floors.  Cover piping to be cast in concrete slabs with minimum of 
1-1/2 inches of concrete.  Piping may not be in physical contact with other metallic 
structures such as reinforcing rods or electrically neutral conductors.  Do not embed 
piping in concrete slabs containing quick-set additives or cinder aggregate. 

3. In Floor Channels:  Install natural-gas piping in floor channels.  Channels must have 
cover and be open to space above cover for ventilation. 

4. In Walls or Partitions:  Protect tubing installed inside partitions or hollow walls from 
physical damage using steel striker barriers at rigid supports. 

a. Exception:  Tubing passing through partitions or walls does not require striker 
barriers. 

5. Prohibited Locations: 
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a. Do not install natural-gas piping in or through circulating air ducts, clothes or trash 
chutes, chimneys or gas vents (flues), ventilating ducts, or dumbwaiter or elevator 
shafts. 

b. Do not install natural-gas piping in solid walls or partitions. 

S. Use eccentric reducer fittings to make reductions in pipe sizes.  Install fittings with level side 
down. 

T. Connect branch piping from top or side of horizontal piping. 

U. Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to each 
piece of equipment.  Unions are not required at flanged connections. 

V. Do not use natural-gas piping as grounding electrode. 

W. Install strainer on inlet of each line-pressure regulator and automatic or electrically operated 
valve. 

X. Install pressure gage upstream and downstream from each line regulator.  Pressure gages are 
specified in Division 23 Section "Meters and Gages for HVAC Piping." 

3.5 VALVE INSTALLATION 

A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless-steel 
tubing, aluminum, or copper connector. 

B. Install underground valves with valve boxes. 

C. Install regulators and overpressure protection devices with maintenance access space 
adequate for servicing and testing. 

3.6 PIPING JOINT CONSTRUCTION 

A. Ream ends of pipes and tubes and remove burrs. 

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

C. Threaded Joints: 

1. Thread pipe with tapered pipe threads complying with ASME B1.20.1. 
2. Cut threads full and clean using sharp dies. 
3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe. 
4. Apply appropriate tape or thread compound to external pipe threads unless dryseal 

threading is specified. 
5. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or 

damaged.  Do not use pipe sections that have cracked or open welds. 

D. Welded Joints: 

1. Construct joints according to AWS D10.12/D10.12M, using qualified processes and 
welding operators. 
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2. Bevel plain ends of steel pipe. 
3. Patch factory-applied protective coating as recommended by manufacturer at field welds 

and where damage to coating occurs during construction. 

3.7 HANGER AND SUPPORT INSTALLATION 

A. Comply with requirements for pipe hangers and supports specified in Division 23 Section 
"Hangers and Supports for HVAC Piping and Equipment." 

B. Install hangers for horizontal steel piping with the following maximum spacing and minimum rod 
sizes: 

1. NPS 1 and Smaller:  Maximum span, 96 inches; minimum rod size, 3/8 inch. 
2. NPS 1-1/4:  Maximum span, 108 inches; minimum rod size, 3/8 inch. 
3. NPS 1-1/2 and NPS 2:  Maximum span, 108 inches; minimum rod size, 3/8 inch. 
4. NPS 2-1/2 to NPS 3-1/2:  Maximum span, 10 feet; minimum rod size, 1/2 inch. 
5. NPS 4 and Larger:  Maximum span, 10 feet; minimum rod size, 5/8 inch. 

3.8 CONNECTIONS 

A. Connect to utility's gas main according to utility's procedures and requirements. 

B. Install natural-gas piping electrically continuous, and bonded to gas appliance equipment 
grounding conductor of the circuit powering the appliance according to NFPA 70. 

C. Install piping adjacent to appliances to allow service and maintenance of appliances. 

D. Connect piping to appliances using manual gas shutoff valves and unions.  Install valve within 
72 inches of each gas-fired appliance and equipment.  Install union between valve and 
appliances or equipment. 

E. Sediment Traps:  Install tee fitting with capped nipple in bottom to form drip, as close as 
practical to inlet of each appliance. 

3.9 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Test, inspect, and purge natural gas according to the International Fuel Gas Code and 
authorities having jurisdiction. 

C. Natural-gas piping will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 
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3.10 PAINTING 

A. Comply with requirements in Division 09 painting Sections for painting interior and exterior 
natural-gas piping. 

B. Paint exposed, exterior metal piping, valves, service regulators, service meters and meter bars, 
earthquake valves, and piping specialties, except components, with factory-applied paint or 
protective coating. 

1. Alkyd System:  MPI EXT 5.1D. 

a. Prime Coat:  Alkyd anticorrosive metal primer. 
b. Intermediate Coat:  Exterior alkyd enamel matching topcoat. 
c. Topcoat:  Exterior alkyd enamel flat. 
d. Color:  Gray. 

C. Damage and Touchup:  Repair marred and damaged factory-applied finishes with materials and 
by procedures to match original factory finish. 

3.11    INDOOR PIPING SCHEDULE  

A. Aboveground, piping NPS 2 and smaller shall be the following: 

1. Steel pipe with malleable-iron fittings and threaded joints. 

B. Aboveground, piping NPS 2-1/2 and larger shall be the following: 

1. Steel pipe with steel welded fittings and welded joints. 

3.12 OUTDOOR PIPING SCHEDULE 

A. Underground natural-gas piping shall be one of the following: 
1. Steel pipe with wrought-steel fittings and welded joints, or mechanical couplings.  Coat 

pipe and fittings with protective coating for steel piping. 

B. Aboveground natural-gas piping shall be one of the following: 

1. Steel pipe with malleable-iron fittings and threaded joints. 
2. Steel pipe with wrought-steel fittings and welded joints. 
3. Exterior gas piping to be coated or painted as specified in Section 3.10 above.  

C. Branch Piping in Cast-in-Place Concrete to Single Appliance:  Annealed-temper copper tube 
with wrought-copper fittings and flared joints.  Install piping embedded in concrete with no joints 
in concrete. 

D. Containment Conduit:  Steel pipe with wrought-steel fittings and welded joints.  Coat pipe and 
fittings with protective coating for steel piping. 

END OF SECTION 231123 
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SECTION 232113 – HYDRONIC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes pipe and fitting materials, joining methods, special-duty valves, and 
specialties for the following: 

1. Hot-water heating piping. 
2. Chilled-water piping. 
3. Condensate-drain piping. 
4. Blowdown-drain piping. 
5. Air-vent piping. 
6. Safety-valve-inlet and -outlet piping. 
7. Domestic water piping. 
8. Back-flow preventers. 

B. Related Sections include the following: 

1. Division 23 Section "Hydronic Pumps" for pumps, motors, and accessories for hydronic 
piping. 

1.3 DEFINITIONS 

A. PTFE:  Polytetrafluoroethylene. 

B. RTRF:  Reinforced thermosetting resin (fiberglass) fittings. 

C. RTRP:  Reinforced thermosetting resin (fiberglass) pipe. 

1.4 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the following 
minimum working pressure and temperature: 

1. Hot-Water Heating Piping:  125 psig at 200 deg F. 
2. Makeup-Water Piping:  80 psig at 150 deg F. 
3. Condensate-Drain Piping:  150 deg F. 
4. Blowdown-Drain Piping:  200 deg F. 
5. Air-Vent Piping:  200 deg F. 
6. Safety-Valve-Inlet and -Outlet Piping:  Equal to the pressure of the piping system to 

which it is attached. 
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1.5 SUBMITTALS 

A. Product Data:  For each type of the following: 

1. Plastic pipe and fittings with solvent cement. 
2. Pressure-seal fittings. 
3. Valves.  Include flow and pressure drop curves based on manufacturer's testing for 

calibrated-orifice balancing valves and automatic flow-control valves. 
4. Air control devices. 
5. Chemical treatment. 
6. Hydronic specialties. 

B. Shop Drawings:  Detail, at 1/4 scale, the piping layout, fabrication of pipe anchors, hangers, 
supports for multiple pipes, alignment guides, expansion joints and loops, and attachments of 
the same to the building structure.  Detail location of anchors, alignment guides, and expansion 
joints and loops. 

C. Grooved joint couplings and fittings shall be referred to on drawings and product submittals, and 
be identified by the manufacturer’s listed model or series designation. 

 
D. Welding certificates. 

E. Qualification Data:  For Installer. 

F. Field quality-control test reports. 

G. Operation and Maintenance Data:  For air control devices, hydronic specialties, and special-
duty valves to include in emergency, operation, and maintenance manuals. 

H. Water Analysis:  Submit a copy of the water analysis to illustrate water quality available at 
Project site. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications: 

1. Installers of Pressure-Sealed Joints:  Installers shall be certified by the pressure-seal joint 
manufacturer as having been trained and qualified to join piping with pressure-seal pipe 
couplings and fittings. 

B. Steel Support Welding:  Qualify processes and operators according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel." 

C. Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel 
Code:  Section IX. 

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping." 
2. Certify that each welder has passed AWS qualification tests for welding processes 

involved and that certification is current. 

D. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping," for materials, 
products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME 
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label.  Fabricate and stamp air separators and expansion tanks to comply with ASME Boiler and 
Pressure Vessel Code:  Section VIII, Division 01. 

E. All grooved couplings, fittings, valves, and specialties shall be the products of a single 
manufacturer.  Grooving tools shall be of the same manufacturer as the grooved components. 

 
1. All castings used for couplings housings, fittings, or valve and specialty bodies shall be 

date stamped for quality assurance and traceability. 

PART 2 - PRODUCTS 

2.1 COPPER TUBE AND FITTINGS 

A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L. 

B. Annealed-Temper Copper Tubing:  ASTM B 88, Type K. 

C. DWV Copper Tubing:  ASTM B 306, Type DWV. 

D. Wrought-Copper Fittings:  ASME B16.22. 

1. Grooved-End Copper Fittings: ASME B16.22 wrought copper and ASTM B 75, copper 
tube or ASME B16.18 and ASTM B 584, bronze casting. Manufactured to copper tube 
dimensions. (Flaring of tube or fitting ends to accommodate alternate sized couplings is 
not permitted.) Basis of Design: Victaulic Copper Connection. 

2. Grooved-End-Tube Couplings: Rigid pattern with offsetting angle-pattern bolt pads, 
unless otherwise indicated; gasketed fitting.  Ductile-iron housing with keys matching 
copper-tube and fitting grooves, EPDM-HP center-leg gasket with pipe stop to ensure 
proper groove engagement, alignment, and pipe insertion depth, rated for minimum 230 
deg F for use with housing, and ASTM A449 compliant steel bolts and nuts. Installation-
Ready, for direct stab installation without field disassembly. Basis of Design: Victaulic 
Style 607. 

3. Flaring of tube or fitting ends to accommodate alternate sized couplings is not permitted. 

E. Wrought-Copper Unions:  ASME B16.22. 

F. Copper or Bronze Pressure-Seal Fittings: 
1. Manufacturers:  All boiler venting shall be furnished by the boiler manufacturer. Subject to 

compliance with requirements, provide products by one of the following: 

a. Mueller Industries, Inc 
b. Nibco Inc. 
c. Viega LLC 

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

2.2 STEEL PIPE AND FITTINGS 

A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; type, grade, and wall thickness as 
indicated in Part 3 "Piping Applications" Article. 
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B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 and 250 as indicated in Part 3 "Piping 
Applications" Article. 

C. Malleable-Iron Threaded Fittings:  ASME B16.3, Classes 150 and 300 as indicated in Part 3 
"Piping Applications" Article. 

D. Malleable-Iron Unions:  ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3 "Piping 
Applications" Article. 

E. Installation-Ready™ fittings for Schedule 10 through Schedule 80 plain end carbon steel piping 
in sizes NPS ½” thru 2” (DN15 thru DN50), rated for working pressure of 300 psi (2065 kPa). 
Fittings shall consist of a ductile iron housing with Installation-Ready™ ends, gasket liner, zinc-
electroplated steel bolts and nuts, and 300 series stainless steel retainer. Basis of Design: 
Victaulic QuickVic™ SD. 

F. 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. 

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

H. 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. 

I. Grooved Mechanical-Joint Fittings and Couplings: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Victaulic Company. 

1. Operating Conditions: -30° F through +250° F temperature range according to 
gasket or valve lining selected and working pressure as shown in manufacturer's 
current product specification. 
  

2. Couplings 
 

a. Two segments, cast of ductile iron conforming to ASTM A 536. Alkyd enamel 
coating for black steel piping systems. Galvanized finish for galvanized piping 
systems. Couplings designed to engage and lock grooved or shouldered piping 
and fitting ends.  
 
b. Sizes 2 inches through 12 inches: Coupling housings cast with torque-absorber 
and shift-limiting offsetting, angle pattern bolt pads to provide system rigidity and 
support and hanging in accordance with ANSI B31.1 and B31.9, and to prevent 
mis-assembly due to overshift. Housings cast with alignment indicator notch for 
visual proper alignment to adjoining fitting. Installation-Ready™, for direct stab 
installation without field disassembly, with grade EHP center-leg gasket with pipe 
stop to ensure proper groove engagement, alignment, and pipe insertion depth. 
suitable for water service to +250 deg F. Basis of Design: Victaulic Style  107V. 
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c. Flexible Type: For use in locations where vibration attenuation and stress relief are 
required, and for the elimination of flexible connectors. Victaulic Installation-Ready 
Style 177 or Style 77. 

 
d. AGS two-segment couplings for pipe sizes 14” and larger, with wide-width 

FlushSeal® gasket and lead-in chamfer on housing key. Basis of Design: Victaulic 
Style W07 (rigid) and Style W77 (flexible). 
 

3. Gaskets  composed  of  elastomer  properties  as  designated  by  ASTM  D  2000. 
Gaskets for water service Grade "E" EPDM, with green color code. 

 
4. Coupling Assembly: Housing clamps in two parts, single C-shaped gasket, two ASTM 

A449 electroplated steel bolts as required to assemble housing clamps. 
 

5. Fittings: Full flow type fittings with grooves designed to accept couplings of the same 
manufacturer. ASTM A 536 cast ductile iron, ASTM A234 forged steel, or ASTM A53 
factory-fabricated carbon steel, galvanized for galvanized piping systems. 

 
a. QuickVic 2” through 12” (DN50 through DN300); ASTM A536 Grade 65-45-12 

ductile iron with Victaulic Original Grooved System (OGS) grooved ends, stiffening 
ribs, and alignment indicators, orange coated or hot dipped galvanized as per 
ASTM A123, working pressure 400-psi (2758-kPa). Victaulic QuickVic™ V10 (90-
deg), V11 (45-deg), and V20 (tee). 

2.3 PLASTIC PIPE AND FITTINGS 

A. PVC Plastic Pipe:  ASTM D 1785, Schedules 40 and 80, plain ends as indicated in Part 3 
"Piping Applications" Article. 

B. PVC Plastic Pipe Fittings:  Socket-type pipe fittings, ASTM D 2466 for Schedule 40 pipe; 
ASTM D 2467 for Schedule 80 pipe. 

C. Victaulic Company PGS-300 Piping system may be used where approved IPS size PVC pipe is 
approved for use.  Pipe and fittings shall be cut grooved to Victaulic’s PGS-300 groove 
specification.   

2.4 JOINING MATERIALS 

A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system 
contents. 

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless 
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. 

B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

C. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping 
system manufacturer, unless otherwise indicated. 



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 
 

DIVISION 23   HYDRONIC PIPING  232113 – 6 of 16 
Permitting and Bidding   

D. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to 
ASTM B 813. 

E. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for joining copper 
with copper; or BAg-1, silver alloy for joining copper with bronze or steel. 

F. Welding Filler Metals:  Comply with AWS D10.12/D10.12M for welding materials appropriate for 
wall thickness and chemical analysis of steel pipe being welded. 

G. Grooved Joint Lubricants: If required, lubricate gasket in accordance with the manufacturer’s 
published instructions with lubricant approved for the gasket elastomer and fluid media. Basis of 
Design: Victaulic Vic-Lube. 

H. Solvent Cements for Joining Plastic Piping: 

1. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656. 

a. PVC solvent cement shall have a VOC content of 510 g/L or less when calculated 
according to 40 CFR 59, Subpart D (EPA Method 24). 

b. Adhesive primer shall have a VOC content of 550 g/L or less when calculated 
according to 40 CFR 59, Subpart D (EPA Method 24). 

c. Solvent cement and adhesive primer shall comply with the testing and product 
requirements of the California Department of Health Services' "Standard Practice 
for the Testing of Volatile Organic Emissions from Various Sources Using Small-
Scale Environmental Chambers." 

I. Gasket Material:  Thickness, material, and type suitable for fluid to be handled and working 
temperatures and pressures. 

2.5 DIELECTRIC FITTINGS 

A. General Requirements: Assembly of copper alloy and ferrous materials with separating 
nonconductive insulating material. Include end connections compatible with pipes to be joined. 

B. Dielectric-Flange Insulating Kits: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Advance Products & Systems, Inc. 
b. Pipeline Seal and Insulator, Inc.  

2. Description: 

a. Nonconducting materials for field assembly of companion flanges. 
b. Pressure Rating: 150 psig. 
c. Gasket: Neoprene or phenolic. 
d. Bolt Sleeves: Phenolic or polyethylene. 
e. Washers: Phenolic with steel backing washers. 

C. Dielectric Nipples: 
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1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Victaulic Company of America. 

2. Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, 
threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F. 
 

3. Copper-silicon casting conforming to UNS C87850 with grooved and/or threaded ends. 
UL classified in accordance with ANSI / NSF-61 for potable water service. Basis of 
Design: Victaulic Style 647. 

2.6 VALVES 

A. Gate, Globe, Check, Ball, and Butterfly Valves:  Comply with requirements specified in 
Division 23 Section "General-Duty Valves for HVAC Piping." 

B. Automatic Temperature-Control Valves, Actuators, and Sensors:  Comply with requirements 
specified in Division 23 Section "Instrumentation and Control for HVAC." 

C. Bronze, Y-Pattern Calibrated-Orifice, Balancing Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Victaulic/Tour & Andersson 

1) 300 PSI Series 786, 787 & 78K (soldered or threaded ends). 
2) 250 PSI Series 788 & 789 (flanged or grooved ends). 

b. Armstrong. 
c. Wheatley. 

2. Use for throttling in water service 1/2” to 16”. 
3. Provide valves of Y-Pattern design suitable for water temperatures to 250ºF.  Provide 

valves with provision for connecting a portable differential pressure meter.  Each meter 
connection to have pressure/temperature readout points. 

4. Construct valves up to 2” of pressure die cast nonporous Ametal® copper alloy providing 
dielectric protection and 2-1/2” and over of ductile iron body and Ametal® non ferrous 
copper alloy internal components.  

5. Valves to be omnidirectional without affecting flow measurement and shall provide 
precise flow measurement, precision flow balancing, positive shut-off with no drip seat. 

6. Construct valves so that 4, 8, 12, 16, 20 or 22 full turns of handwheel provides maximum 
setting with hidden memory feature and tamper proof balancing setting. 

7. Coil Components:  Install with balancing valves 2” and smaller, Victaulic Series 78U 
union port fitting, Series 78Y strainer/ball valve or Series 78T union/ball valve 
combination.  Victaulic Series 799 or Series 79V with ATC valve. 

8. Provide TA CM 73M computerized flow reading kit compatible with valve flow reading kits 
to be handed over to the owner. 
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2.7 AIR CONTROL DEVICES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Amtrol, Inc. 
2. Armstrong Pumps, Inc. 
3. Bell & Gossett Domestic Pump; a division of ITT Industries. 
4. Taco. 

B. Manual Air Vents: 

1. Body:  Bronze. 
2. Internal Parts:  Nonferrous. 
3. Operator:  Screwdriver or thumbscrew. 
4. Inlet Connection:  NPS 1/2. 
5. Discharge Connection:  NPS 1/8. 
6. CWP Rating:  150 psig. 
7. Maximum Operating Temperature:  225 deg F. 

C. Automatic Air Vents: 

1. Body:  Bronze or cast iron. 
2. Internal Parts:  Nonferrous. 
3. Operator:  Noncorrosive metal float. 
4. Inlet Connection:  NPS 1/2. 
5. Discharge Connection:  NPS 1/4. 
6. CWP Rating:  150 psig. 
7. Maximum Operating Temperature:  240 deg F. 

D. Bladder-Type ASME Expansion Tanks: 
1. Tank: Welded steel, rated for 125-psig working pressure and 375 deg F maximum 

operating temperature. Factory test after taps are fabricated and supports installed and 
are labeled according to ASME Boiler and Pressure Vessel Code: Section VIII, 
Division 1. 

2. Bladder: Securely sealed into tank to separate air charge from system water to maintain 
required expansion capacity. 

3. Air-Charge Fittings: Schrader valve, stainless steel with EPDM seats. 

E. Inline Air Separators: 
1. Tank: Welded steel; ASME constructed and labeled for 125-psig minimum working 

pressure and 375 deg F maximum operating temperature. 
2. Air Collector Tube: Perforated stainless steel, constructed to direct released air into 

expansion tank. 
3. Inlet and Outlet Connections: Threaded for NPS 2 and smaller; flanged connections for 

NPS 2-1/2  and larger. 
4. Blowdown Connection: Threaded. 
5. Size: Match system flow capacity. 

2.8 HYDRONIC PIPING SPECIALTIES 

A. Y-Pattern Strainers: 
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1. Body:   
a. ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection. 
b. ASTM A 536, Grade 65-45-12, ductile iron with coupled cover. 

2. End Connections:  Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 
and larger. Grooved end Y-pattern strainer, Victaulic 732, also acceptable. 

3. Strainer Screen:  40-mesh startup strainer, and perforated stainless-steel basket with 50 
percent free area. 

4. CWP Rating:  300 psig. 

B. Grooved End T-Type Strainer.  2” through 24” sizes, 300 PSI ductile iron body or factory-
manufactured from ASTM A53 steel pipe with T-bolt hinged closure, Type 304 stainless steel 
perforated metal removable baskets. Victaulic Style 730. 

C. Stainless-Steel Bellow, Flexible Connectors: 

1. Body:  Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing protective 
jacket. 

2. End Connections:  Threaded or flanged to match equipment connected. 
3. Performance:  Capable of 3/4-inch misalignment. 
4. CWP Rating:  150 psig. 
5. Maximum Operating Temperature:  250 deg F. 
6. Three Victaulic flexible type couplings may be used in lieu of a flexible connector for 

vibration attenuation at equipment connections in applicable piping systems. The 
couplings shall be placed in close proximity to the source of the vibration. 

D. Suction Diffuser – Grooved/Flanged End.  Rated to 300 psi (2065 kPa).  Ductile iron (ASTM A-
536) body.  304 stainless steel frame and perforated sheet diffuser with 5/32" (4,0mm) diameter 
holes 3" – 24” inlet sizes.  Removable 20 mesh 304 stainless steel start-up prefilter, outlets for 
pressure/temperature drain connections, and base support boss.  Victaulic Series 731-D and 
AGS W731-D. 

E. Triple-Duty Valve: 

1. Angle or straight pattern. 
2. Grooved ends. 
3. 300-psig pressure rating, ductile-iron body, pump-discharge fitting. 
4. Drain plug and bronze-fitted shutoff, balancing, and non-slam check valve features. 
5. Brass gage ports with integral check valve and orifice for flow measurement. 
6. Victaulic Triple Service Valve Assembly with Series 779 non-slam check and Vic-300 

MasterSeal butterfly valve. 

F. Manufactured grooved end vibration isolation drop for air handling unit coil supply and return 
connections in sizes 2” through 6” (DN50 though DN150) to accommodate isolation, straining, 
balancing, and drainage. Orange enamel coated drop, consisting of ASTM A53 carbon steel 
pipe spool(s), Victaulic #20 (straight) and #25 (reducing) tees or Style 920/920N Mechanical-T 
fittings, with base end cap with drain outlet and DZR brass drain valve. Supply connections 
include a Vic-300 MasterSeal butterfly valve and Style 732 Y-pattern strainer with PT ports, and 
the return connection includes a Series 787 or 789 circuit balancing valve. Installation-ready, 
with flexible couplings to accommodate vibration attenuation and stress relief, rated for working 
pressure to 300-psig (2068-kPa). Basis of Design: Victaulic Series 385 

G. Manufactured grooved end outlet fitting all-in-one assembly for fluid distribution. Outlet fitting 
shall consist of an ASTM A53, Grade B, standard weight pipe spool with required outlet 
connections. Grooved ends roll grooved to Victaulic OGS or AGS dimensions, with enamel 
coating or galvanized to project requirements. Basis of Design: Victaulic No. 26 and W26. 
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2.9 BACKFLOW PREVENTERS 

A. Reduced-Pressure-Principle Backflow Preventers to be installed at incoming domestic water 
service and at any branch lines to mechanical equipment.  

1. Standard: ASSE 1013. 
2. Operation: Continuous-pressure applications. 
3. Pressure Loss: 12 psig maximum, through middle third of flow range. 
4. Size: Varies. 
5. Design Flow Rate: Varies 
6. Selected Unit Flow Range Limits: Varies. 
7. Pressure Loss at Design Flow Rate: 15 psig for sizes NPS 2 and smaller; 15 psig for 

NPS 2-1/2 and larger. 
8. Body: Bronze for NPS 2 and smaller; cast iron with interior lining that complies with 

AWWA C550 or that is FDA approved for NPS 2-1/2 and larger. 
9. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and larger. 
10. Configuration: Designed for horizontal, straight-through flow. 
11. Accessories: 

a. Valves NPS 2 and Smaller: Ball type with threaded ends on inlet and outlet. 
b. Valves NPS 2-1/2 and Larger: Outside-screw and yoke-gate type with flanged 

ends on inlet and outlet. 
c. Air-Gap Fitting: ASME A112.1.2, matching backflow-preventer connection. 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

A. Hot-water heating piping, aboveground, NPS 2 and smaller, shall be the following: 

1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered or pressure-
seal joints. 

B. Hot-water heating piping, aboveground, NPS 2-1/2 and larger, shall be any of the following: 

1. Schedule 40 steel pipe; grooved, mechanical joint coupling and fittings; and grooved, 
mechanical joints. 

C. Chilled-water and Condenser-water piping, aboveground, NPS 2 and smaller, shall be the 
following: 

1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered or pressure-
seal joints. 

D. Chilled-water and Condenser-water piping, aboveground, NPS 2-1/2 and larger, shall be any of 
the following: 
1. Schedule 40 steel pipe; grooved, mechanical joint coupling and fittings; and grooved, 

mechanical joints. 

E. Aboveground domestic water piping shall be one of the following: 

1. Hard copper tube, ASTM B 88, Type L (ASTM B 88M, Type B) cast- or wrought- copper 
solder-joint fittings; and soldered joints. 
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2. Hard copper tube, ASTM B 88, Type L (ASTM B 88M, Type B); copper pressure-seal-
joint fittings; and pressure-sealed joints. 

F. Condensate-Drain Piping:  Type DWV, drawn-temper copper tubing, wrought-copper fittings, 
and soldered or pressure-seal joints for all indoor piping.   

G. Blowdown-Drain Piping:  Same materials and joining methods as for piping specified for the 
service in which blowdown drain is installed. 

H. Air-Vent Piping: 

1. Inlet:  Same as service where installed with metal-to-plastic transition fittings for plastic 
piping systems according to the piping manufacturer's written instructions. 

2. Outlet:  Type K, annealed-temper copper tubing with pressure-sealed or flared joints. 

I. Safety-Valve-Inlet and -Outlet Piping for Hot-Water Piping:  Same materials and joining 
methods as for piping specified for the service in which safety valve is installed with metal-to-
plastic transition fittings for plastic piping systems according to the piping manufacturer's written 
instructions. 

3.2 VALVE APPLICATIONS 

A. Install shutoff-duty valves at each branch connection to supply mains, and at supply connection 
to each piece of equipment. 

B. Install calibrated-orifice, balancing valves at each branch connection to return main. 

C. Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling terminal. 

D. Install check valves at each pump discharge and elsewhere as required to control flow direction. 

E. Install safety valves at hot-water generators and elsewhere as required by ASME Boiler and 
Pressure Vessel Code.  Install drip-pan elbow on safety-valve outlet and pipe without valves to 
the outdoors; and pipe drain to nearest floor drain or as indicated on Drawings.  Comply with 
ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1, for installation requirements. 

F. Install pressure-reducing valves at makeup-water connection to regulate system fill pressure. 

3.3 PIPING INSTALLATIONS 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems.  Indicate piping locations and arrangements if such 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. 

B. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms 
and service areas. 

C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated 
otherwise. 
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D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

E. Install piping to permit valve servicing. 

F. Install piping at indicated slopes. 

G. Install piping free of sags and bends. 

H. Install fittings for changes in direction and branch connections. 

I. Install piping to allow application of insulation. 

J. Select system components with pressure rating equal to or greater than system operating 
pressure. 

K. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing 
of valves. 

L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple 
with cap, at low points in piping system mains and elsewhere as required for system drainage. 

M. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 

N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 

O. Install branch connections to mains using mechanically formed tee fittings in main pipe, with the 
branch connected to the bottom of the main pipe.  For up-feed risers, connect the branch to the 
top of the main pipe. 

P. Install valves according to Division 23 Section "General-Duty Valves for HVAC Piping." 

Q. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of 
equipment, and elsewhere as indicated. 

R. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere 
as indicated. 

S. Unions or flanges for servicing and disconnect are not required in installations using grooved 
joint couplings. 

T. Install strainers on inlet side of each control valve, pressure-reducing valve, solenoid valve, in-
line pump, and elsewhere as indicated.  Install NPS 3/4 nipple and ball valve in blowdown 
connection of strainers NPS 2 and larger.  Match size of strainer blowoff connection for strainers 
smaller than NPS 2. 

U. Install expansion loops, expansion joints, anchors, and pipe alignment guides as specified in 
Division 23 Section "Expansion Fittings and Loops for HVAC Piping." 

V. Identify piping as specified in Division 23 Section "Identification for HVAC Piping and 
Equipment." 
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3.4 HANGERS AND SUPPORTS 

A. Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and 
Supports for HVAC Piping and Equipment." Comply with the following requirements for 
maximum spacing of supports. 

B. Install the following pipe attachments: 

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long. 
2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or 

longer. 
3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, 

supported on a trapeze. 
4. Spring hangers to support vertical runs. 
5. Provide copper-clad hangers and supports for hangers and supports in direct contact with 

copper pipe. 
6. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger from 

scratching pipe. 

C. Install hangers for steel piping with the following maximum spacing and minimum rod sizes: 

1. NPS 3/4:  Maximum span, 7 feet; minimum rod size, 1/4 inch. 
2. NPS 1:  Maximum span, 7 feet; minimum rod size, 1/4 inch. 
3. NPS 1-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch. 
4. NPS 2:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 
5. NPS 2-1/2:  Maximum span, 11 feet; minimum rod size, 3/8 inch. 
6. NPS 3:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 
7. NPS 4:  Maximum span, 10 feet; minimum rod size, 1/2 inch. 
8. NPS 6:  Maximum span, 10 feet; minimum rod size, 1/2 inch. 

D. Install hangers for drawn-temper copper piping with the following maximum spacing and 
minimum rod sizes: 

1. NPS 3/4:  Maximum span, 5 feet; minimum rod size, 1/4 inch. 
2. NPS 1:  Maximum span, 6 feet; minimum rod size, 1/4 inch. 
3. NPS 1-1/2:  Maximum span, 8 feet; minimum rod size, 3/8 inch. 
4. NPS 2:  Maximum span, 8 feet; minimum rod size, 3/8 inch. 
5. NPS 2-1/2:  Maximum span, 9 feet; minimum rod size, 3/8 inch. 
6. NPS 3:  Maximum span, 10 feet; minimum rod size, 3/8 inch. 

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

F. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors. 

3.5 PIPE JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 23 Sections 
specifying piping systems. 

B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 
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C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube 
end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-
free solder alloy complying with ASTM B 32. 

E. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut 
threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore 
full ID.  Join pipe fittings and valves as follows: 

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal 
threading is specified. 

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or 
damaged.  Do not use pipe sections that have cracked or open welds. 

F. Welded Joints:  Construct joints according to AWS D10.12/D10.12M, using qualified processes 
and welding operators according to Part 1 "Quality Assurance" Article. 

G. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service 
application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads. 

H. Grooved Joints:  Assemble joints with coupling and gasket, lubricant, and bolts.  Cut or roll 
grooves in ends of pipe based on pipe and coupling manufacturer's written instructions for pipe 
wall thickness.  Use grooved-end fittings and rigid, grooved-end-pipe couplings unless flexibility 
is required. The gasket style and elastomeric material (grade) shall be verified as suitable for 
the intended service.  Gaskets shall be molded and produced by the grooved coupling 
manufacturer. Grooved coupling manufacturer’s factory trained field representative shall provide 
on-site training for contractor’s field personnel in the proper use of grooving tools, application of 
groove, and installation of grooved piping products.  Factory trained representative shall 
periodically visit the jobsite to ensure best practices in grooved product installation are being 
followed. Contractor shall remove and replace any improperly installed products. 

I. Pressure-Sealed Joints: Use manufacturer-recommended tool and procedure. Leave insertion 
marks on pipe after assembly. 

3.6 HYDRONIC SPECIALTIES INSTALLATION 

A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required 
for system air venting. 

B. Install automatic air vents at high points of system piping in mechanical equipment rooms only.  
Manual vents at heat-transfer coils and elsewhere as required for air venting. 

C. Install tangential air separator in pump suction.  Install blowdown piping with gate or full-port ball 
valve; extend full size to nearest floor drain. 

D. Install expansion tanks on the floor.  Vent and purge air from hydronic system, and ensure tank 
is properly charged with air to suit system Project requirements. 
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3.7 TERMINAL EQUIPMENT CONNECTIONS 

A. Sizes for supply and return piping connections shall be the same as or larger than equipment 
connections. 

B. Install control valves in accessible locations close to connected equipment. 

C. Install bypass piping with globe valve around control valve.  If parallel control valves are 
installed, only one bypass is required. 

D. Install ports for pressure gages and thermometers at coil inlet and outlet connections according 
to Division 23 Section "Meters and Gages for HVAC Piping." 

3.8 CLEANING 

A. Clean and disinfect potable domestic water piping as follows: 

1. Purge new piping and parts of existing piping that have been altered, extended, or 
repaired before using. 

2. Use purging and disinfecting procedures prescribed by authorities having jurisdiction; if 
methods are not prescribed, use procedures described in either AWWA C651 or 
AWWA C652 or follow procedures described below: 

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

b. Fill and isolate system according to either of the following: 

1) Fill system or part thereof with water/chlorine solution with at least 50 ppm 
of chlorine.  Isolate with valves and allow to stand for 24 hours. 

2) Fill system or part thereof with water/chlorine solution with at least 200 ppm 
of chlorine.  Isolate and allow to stand for three hours. 

c. Flush system with clean, potable water until no chlorine is in water coming from 
system after the standing time. 

d. Submit water samples in sterile bottles to authorities having jurisdiction.  Repeat 
procedures if biological examination shows contamination. 

B. Prepare and submit reports of purging and disinfecting activities. 

C. Clean interior of domestic water piping system.  Remove dirt and debris as work progresses. 

3.9 FIELD QUALITY CONTROL 

A. Prepare hydronic piping according to ASME B31.9 and as follows: 

1. Leave joints, including welds, uninsulated and exposed for examination during test. 
2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test 

pressure.  If temporary restraints are impractical, isolate expansion joints from testing. 
3. Flush hydronic piping systems with clean water; then remove and clean or replace 

strainer screens. 
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4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure shall be 
capable of sealing against test pressure without damage to valve.  Install blinds in 
flanged joints to isolate equipment. 

5. Install safety valve, set at a pressure no more than one-third higher than test pressure, to 
protect against damage by expanding liquid or other source of overpressure during test. 

B. Perform the following tests on hydronic piping: 

1. Use ambient temperature water as a testing medium unless there is risk of damage due 
to freezing.  Another liquid that is safe for workers and compatible with piping may be 
used. 

2. While filling system, use vents installed at high points of system to release air.  Use 
drains installed at low points for complete draining of test liquid. 

3. Isolate expansion tanks and determine that hydronic system is full of water. 
4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the 

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

5. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, 
joints, and connections for leakage.  Eliminate leaks by tightening, repairing, or replacing 
components, and repeat hydrostatic test until there are no leaks. 

6. Prepare written report of testing. 

C. Perform the following before operating the system: 

1. Open manual valves fully. 
2. Inspect pumps for proper rotation. 
3. Set makeup pressure-reducing valves for required system pressure. 
4. Inspect air vents at high points of system and determine if all are installed and operating 

freely (automatic type), or bleed air completely (manual type). 
5. Set temperature controls so all coils are calling for full flow. 
6. Inspect and set operating temperatures of hydronic equipment, such as boilers, chillers, 

cooling towers, to specified values. 
7. Verify lubrication of motors and bearings. 

END OF SECTION 232113 
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SECTION 232123 – HYDRONIC PUMPS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 

1. Separately coupled, base-mounted, end-suction centrifugal pumps. 
2. Close coupled, in-line centrifugal pumps. 
3. Automatic condensate pump units. 
4. Variable speed controllers 

1.3 DEFINITIONS 

A. Buna-N:  Nitrile rubber. 

B. EPT:  Ethylene propylene terpolymer. 

C. ECM: Electronically commutated motor. 

D. EPDM: Ethylene propylene diene monomer. 

E. EPR: Ethylene propylene rubber. 

F. EPT: Ethylene propylene terpolymer. 

G. FKM: Fluoroelastomer polymer. 

H. HI: Hydraulic Institute. 

I. NBR: Nitrile rubber or Buna-N. 

J. ODP: Open, drip proof. 

K. TEFC: Totally enclosed, fan-cooled. 

L. TENV: Totally enclosed, non-ventilated. 

M. VFD: Variable-frequency controller. 
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1.4 SUBMITTALS 

A. 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. 

B. 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. 

C. Operation and Maintenance Data:  For pumps to include in emergency, operation, and 
maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain hydronic pumps through one source from a single manufacturer. 

B. 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." 

C. 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. 

D. UL Compliance:  Comply with UL 778 for motor-operated water pumps. 

1.6 DELIVERY, STORAGE, AND HANDLING 

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. 

B. Store pumps in dry location. 

C. Retain protective covers for flanges and protective coatings during storage. 

D. Protect bearings and couplings against damage from sand, grit, and other foreign matter. 

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

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 SEPARATELY COUPLED, BASE-MOUNTED, END-SUCTION CENTRIFUGAL PUMPS 

A. Manufacturers: 

1. Armstrong. 
2. Bell & Gossett 
3. Taco, Inc. 

B. Description:  Factory-assembled and -tested, centrifugal, overhung-impeller, separately 
coupled, end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for base mounting, 
with pump and motor shafts horizontal.  Rate pump for 175-psig minimum working pressure and 
a continuous water temperature of 200 deg F. 

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 

2. 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:  Steel, with copper-alloy shaft sleeve. 
4. Mechanical Seal:  Carbon rotating ring against a ceramic seat held by a stainless-steel 

spring, and Buna-N bellows and gasket. 
5. Packing Seal:  Stuffing box, with a minimum of four rings of graphite-impregnated braided 

yarn with bronze lantern ring between center two graphite rings, and bronze packing 
gland. 

6. Pump Bearings:  Grease-lubricated ball bearings contained in cast-iron housing with 
grease fittings. 

D. Shaft Coupling:  Molded rubber insert and interlocking spider capable of absorbing vibration.   

E. Coupling Guard:  Dual rated; ANSI B15.1, Section 8; OSHA 1910.219 approved; steel; 
removable; attached to mounting frame. 



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 
 

 
DIVISION 23   HYDRONIC PUMPS  232123 – 4 of 14 
Permitting and Bidding    

F. 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. 

A. Motor: Comply with NEMA designation, temperature rating, service factor, and efficiency 
requirements for motors specified in Section 230513 "Common Motor Requirements for HVAC 
Equipment." 

1. Enclosure : Totally enclosed, fan cooled. 
2. NEMA Premium Efficient motors as defined in NEMA MG 1. 
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 1.0. 
4. Controllers, Electrical Devices, and Wiring: Comply with requirements for electrical 

devices and connections specified in electrical Sections. 
5. Variable-speed motor. 

2.3 CLOSE COUPLED,  IN-LINE CENTRIFUGAL PUMPS 

A. Manufacturers: 

1. Armstrong. 
2. Bell & Gossett. 
3. Taco, Inc.. 

B. Description:  Taco 1900 series or approved equal. Factory-assembled and -tested, centrifugal, 
overhung-impeller, horizontal, close-coupled, in-line pump as defined in HI 14.1, HI 14.2 and 
HI 14.3; designed for installation with motor shaft mounted horizontally. 

C. Pump Construction: 

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

2. Impeller:  ASTM B 584, cast bronze; statically and dynamically balanced, keyed to shaft, 
and secured with a locking cap screw.  Trim impeller to match specified performance. 

3. Pump Shaft:  Type 416 Steel. 
1. Seal: Mechanical seal consisting of carbon rotating ring against a ceramic seat held by a 

stainless steel spring, and EPDMrubber bellows and gasket. Include water slinger on 
shaft between motor and seal. 

D. Shaft Coupling:  Axially split spacer coupling. 

E. Motor: Comply with NEMA designation, temperature rating, service factor, and efficiency 
requirements for motors specified in Section 230513 "Common Motor Requirements for HVAC 
Equipment." 

1. Enclosure : Totally enclosed, fan cooled. 
2. NEMA Premium Efficient motors as defined in NEMA MG 1. 
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 1.0. 
4. Controllers, Electrical Devices, and Wiring: Comply with requirements for electrical 

devices and connections specified in electrical Sections. 
5. Variable-speed ECM motor. 
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2.4 AUTOMATIC CONDENSATE PUMP UNITS 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following: 

1. Beckett Corporation. 
2. Hartell Pumps Div.; Milton Roy Co. 
3. Little Giant Pump Co. 

B. Description:  Packaged units with corrosion-resistant pump, plastic tank with cover, plenum 
rated and automatic controls.  Include factory- or field-installed check valve and a hard-wired 
power connection. 

2.5 VARIABLE FREQUENCY CONTROLLERS  

A. Description:  PWM, VFC; listed and labeled as a complete unit and arranged to provide variable 
speed of an NEMA MG 1, Design B, 3-phase induction motor by adjusting output voltage and 
frequency. 
1. Provide unit suitable for operation of standard-efficiency motor as defined by 

NEMA MG 1. 

B. Design and Rating:  Match load type such as fans, blowers, and pumps; and type of connection 
used between motor and load such as direct or through a power-transmission connection. 

C. Furnish and install Variable Speed Pumping System TECHNOLOGIC Intelligent Pump 
Controller with Integrated Bypass as manufactured by ITT Bell & Gossett or approved equal. 

D. Output Rating:  3-phase; 6 to 60 Hz, with voltage proportional to frequency throughout voltage 
range   

E. PROTECTIVE FEATURES: 
1. The VFD shall convert incoming fixed frequency three- phase AC power into an 

adjustable frequency and voltage for controlling the speed of three-phase AC motors. 
The motor current shall closely approximate a sine wave. Motor voltage shall be varied 
with frequency to maintain desired motor magnetization current suitable for the driven 
load and to eliminate the need for motor de-rating. 

2. When properly sized, the VFD shall allow the motor to produce full rated power at rated 
motor voltage, current, and speed without using the motor’s service factor. 

3. The VFD shall maintain a fundamental (displacement) power factor near unity regardless 
of speed or load. 

4. The VFD shall have a dual 5% impedance DC link reactor on the positive and negative 
rails of the DC bus to minimize power line harmonics and protect the VFD from power 
line transients. The chokes shall be non-saturating.  VFDs with saturating (non-linear) DC 
link reactors shall require an additional 3% AC line reactor to provide acceptable 
harmonic performance at full load, where harmonic performance is most critical. 

5. The VFD’s full load output current rating shall meet or exceed NEC Table 430-150. The 
VFD shall be able to provide full rated output current continuously, 110% of rated current 
for 60 seconds and 120% of rated torque for up to 0.5 second while starting.   

6. A programmable automatic energy optimization selection feature shall be provided 
standard in the VFD. This feature shall automatically and continuously monitor the 
motor’s speed and load to adjust the applied voltage to maximize energy savings. 

7. Output power circuit switching shall be able to be accomplished without interlocks or 
damage to the VFD. 
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8. An automatic motor adaptation algorithm shall measure motor stator resistance and 
reactance to optimize performance and efficiency. It shall not be necessary to run the 
motor or de-couple the motor from the load to perform the test. 

9. Galvanic isolation shall be provided between the VFD’s power circuitry and control 
circuitry to ensure operator safety and to protect connected electronic control equipment 
from damage caused by voltage spikes, current surges, and ground loop currents. VFDs 
not including either galvanc or optical isolation on both analog I/O and discrete digital I/O 
shall include additional isolation modules. 

10. VFD shall minimize the audible motor noise through the use of an adjustable carrier 
frequency. The carrier frequency shall be automatically adjusted to optimize motor and 
VFD operation while reducing motor noise. VFDs with fixed carrier frequency are not 
acceptable. 

11. A minimum of Class 20 I2t electronic motor overload protection for single motor 
applications shall be provided. Overload protection shall automatically compensate for 
changes in motor speed. 

12. Protection against input transients, loss of AC line phase, output short circuit, output 
ground fault, over voltage, under voltage, VFD over temperature and motor over 
temperature. The VFD shall display all faults in plain language. Codes are not 
acceptable. 

13. Protect VFD from input phase loss. The VFD should be able to protect itself from damage 
and indicate the phase loss condition. During an input phase loss condition, the VFD 
shall be able to be programmed to either trip off while displaying an alarm, issue a 
warning while running at reduced output capacity, or issue a warning while running at full 
commanded speed. This function is independent of which input power phase is lost. 

14. Protect from under voltage. The VFD shall provide full rated output with an input voltage 
as low as 90% of the nominal. The VFD will continue to operate with reduced output, 
without faulting, with an input voltage as low as 70% of the nominal voltage. 

15. Protect from over voltage. The VFD shall continue to operate without faulting with a 
momentary input voltage as high as 130% of the nominal voltage. 

16. The VFD shall incorporate a programmable motor preheat feature to keep the motor 
warm and prevent condensation build up in the motor when it is stopped in a damp 
environment by providing the motor stator with a controlled level of current. 

17. VFD shall include a “signal loss detection” algorithm with adjustable time delay to sense 
the loss of an analog input signal. It shall also include a programmable time delay to 
eliminate nuisance signal loss indications. The functions after detection shall be 
programmable. 

18. VFD shall function normally when the keypad is removed while the VFD is running. No 
warnings or alarms shall be issued as a result of removing the keypad. 

19. VFD shall catch a rotating motor operating forward or reverse up to full speed without 
VFD fault or component damage. 

20. Selectable over-voltage control shall be provided to protect the drive from power 
regenerated by the motor while maintaining control of the driven load.  

21. VFD shall include current sensors on all three output phases to accurately measure 
motor current, protect the VFD from output short circuits, output ground faults, and act as 
a motor overload. If an output phase loss is detected, the VFD will trip off and identify 
which of the output phases is low or lost. 

22. If the temperature of the VFD’s heat sink rises to 80ºC, the VFD shall automatically 
reduce its carrier frequency to reduce the heat sink temperature. It shall also be possible 
to program the VFD so that it reduces its output current limit value if the VFD’s 
temperature becomes too high.  

23. In order to ensure operation during periods of overload, it must be possible to program 
the VFD to automatically reduce its output current to a programmed value during periods 
of excessive load. This allows the VFD to continue to run the load without tripping. 
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24. The VFD shall have temperature controlled cooling fan(s) for quiet operation, minimized 
losses, and increased fan life. At low loads or low ambient temperatures, the fan(s) may 
be off even when the VFD is running. 

25. The VFD shall store in memory the last 10 alarms. A description of the alarm, and the 
date and time of the alarm shall be recorded. 

26. When used with a pumping system, the VFD shall be able to detect no-flow situations, 
dry pump conditions, and operation off the end of the pump curve. It shall be 
programmable to take appropriate protective action when one of the above situations is 
detected. 

F. INTERFACE FEATURES 
1. Hand, Off and Auto keys shall be provided to start and stop the VFD and determine the 

source of the speed reference. It shall be possible to either disable these keys or 
password protect them from undesired operation. 

2. There shall be an “Info” key on the keypad.  The Info key shall include “on-line” context 
sensitive assistance for programming and troubleshooting. 

3. The VFD shall be programmable to provide a digital output signal to indicate whether the 
VFD is in Hand or Auto mode. This is to alert the Building Automation System whether 
the VFD is being controlled locally or by the Building Automation System. 

4. Password protected keypad with alphanumeric, graphical, backlit display can be remotely 
mounted. Two levels of password protection shall be provided to guard against 
unauthorized parameter changes. 

5. All VFDs shall have the same customer interface. The keypad and display shall be 
identical and interchangeable for all sizes of VFDs. 

6. To set up multiple VFDs, it shall be possible to upload all setup parameters to the VFD’s 
keypad, place that keypad on all other VFDs in turn and download the setup parameters 
to each VFD. To facilitate setting up VFDs of various sizes, it shall be possible to 
download from the keypad only size independent parameters. Keypad shall provide 
visual indication of copy status. 

7. Display shall be programmable to communicate in multiple languages including English, 
Spanish  
and French. 

8. A red FAULT light, a yellow WARNING light and a green POWER-ON light shall be 
provided. These indications shall be visible both on the keypad and on the VFD when the 
keypad is removed. 

9. A quick setup menu with factory preset typical HVAC parameters shall be provided on the 
VFD. The VFD shall also have individual Fan, Pump, and Compressor menus specifically 
designed to facilitate start-up of these applications. 

10. The VFD’s PID controller shall be able to actively adjust its setpoint based on flow. This 
allows the VFD to compensate for a pressure feedback sensor which is located near the 
output of the pump rather than out in the controlled system. 

11. Floating point control interface shall be provided to increase/decrease speed in response 
to contact closures. 

12. Five simultaneous meter displays shall be available. They shall include at a minimum, 
frequency, motor current, motor voltage, VFD output power, VFD output energy, VFD 
temperature in degrees, among others. 

13. Programmable Sleep Mode shall be able to stop the VFD. When its output frequency 
drops below set “sleep” level for a specified time, when an external contact commands 
that the VFD go into Sleep Mode, or when the VFD detects a no-flow situation, the VFD 
may be programmed to stop.  When the VFD’s speed is being controlled by its PID 
controller, it shall be possible to program a “wake-up” feedback value that will cause the 
VFD to start. To avoid excessive starting and stopping of the driven equipment, it shall be 
possible to program a minimum run time before sleep mode can be initiated and a 
minimum sleep time for the VFD. 
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14. A run permissive circuit shall be provided to accept a “system ready” signal to ensure that 
the VFD does not start until dampers or other auxiliary equipment are in the proper state 
for VFD operation. The run permissive circuit shall also be capable of initiating an output 
“run request” signal to indicate to the external equipment that the VFD has received a 
request to run. 

15. VFD shall be programmable to display feedback signals in appropriate units, such as 
inches of water column (in-wg), pressure per square inch (psi) or temperature (°F). 

16. VFD shall be programmable to sense the loss of load. The VFD shall be programmable 
to signal this condition via a keypad warning, relay output and/or over the serial 
communications bus. To ensure against nuisance indications, this feature must be based 
on motor torque, not current, and must include a proof timer to keep brief periods of no 
load from falsely triggering this indication. 

G. STANDARD INPUTS AND OUTPUTS 
1. Four dedicated, programmable digital inputs shall be provided for interfacing with the 

systems control and safety interlock circuitry.  
2. Two terminals shall be programmable to act as either as digital outputs or additional 

digital inputs.  
3. Two programmable relay outputs, Form C 240 V AC, 2 A, shall be provided for remote 

indication of VFD status.  
a. Each relay shall have an adjustable on delay /  off delay time. 

4. Two programmable analog inputs shall be provided that can be either direct-or-reverse 
acting. 
a. Each shall be independently selectable to be used with either an analog voltage or 

current signal. 
b. The maximum and minimum range of each shall be able to be independently 

scalable from 0 to 10 Vdc and 0 to 20 mA. 
c. A programmable low-pass filter for either or both of  the analog inputs must be 

included to compensate for noise. 
d. The VFD shall provide front panel meter displays  programmable to show the 

value of each analog input signal for system set-up and troubleshooting, 
5. One programmable analog current output (0/4 to 20 mA) shall be provided for indication 

of VFD status. This output shall be programmable to show the reference or feedback 
signal supplied to the VFD and for VFD output frequency, current and power. It shall be 
possible to scale the minimum and maximum values of this output.  

6. It shall be possible through serial bus communications to read the status of all analog and 
digital inputs of the VFD. 

7. It shall be possible to command all digital and analog output through the serial 
communication bus.  

8. Optional Control and Monitoring Inputs and Outputs 
a. It shall be possible to add optional modules to the      
b. VFD in the field to expand its analog and digital inputs and outputs. 
c. These modules shall use rigid connectors to plug into the VFD’s control card. 
d. The VFD shall automatically recognize the option module after it is powered up. 

There shall be no   need to manually configure the module. 
e.  Modules may include such items as: 

1) Additional digital outputs, including relay outputs 
2) Additional digital inputs 
3) Additional analog outputs 
4) Additional analog inputs, including Ni or Pt temperature sensor inputs 

9. It shall be possible through serial bus communications to control the status of all optional 
analog and digital outputs of the VFD. 

10. A real-time clock shall be an integral part of the VFD. 
a.  It shall be possible to use this to display the current date and time on the VFD’s 

display.   
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b.  Ten programmable time periods, with individually selectable ON and OFF 
functions shall be available. The clock shall also be programmable to control 
start/stop functions,  constant speeds, PID parameter  setpoints and  output relays. 
Is shall be possible to program  unique events that occur only during normal work 
days, others that occur only on non-work  days, and others that occur on specific 
days or  dates. The manufacturer shall provide free  PC-based software to set up 
the calendar for  this schedule. 

c. All VFD faults shall be time stamped to aid troubleshooting. 
d. It shall be possible to program maintenance   reminders based on date and time, 

VFD running  hours, or VFD operating hours. 
e. The real-time clock shall be able to time and date stamp all faults recorded in the 

VFD   fault log. 
11. The VFD shall be able to store load profile data to assist in analyzing the system demand 

and energy consumption over time. 
12. The VFD shall include a sequential logic controller to provide advanced control interface 

capabilities. This shall include: 
a. Comparators for comparing VFD analog values to programmed trigger values 
b. Logic operators to combine up to three logic expressions using Boolean algebra. 
c. Delay timers 
d. A 20-step programmable structure  

13. The VFD shall include a Cascade Controller which allows the VFD to operate in closed 
loop set point (PID) control mode one motor at a controlled speed and control the 
operation of 3 additional constant speed motor starters. 

H. SERIAL COMMUNICATIONS 
1. The VFD shall include a standard EIA-485 communications port and capabilities to be 

connected to the following serial communication protocols at no additional cost and 
without a need to install any additional hardware or software in the VFD: 
a. BACnet 

2. VFD shall have standard USB port for direct connection of Personal Computer (PC) to 
the VFD. The manufacturer shall provide no-charge PC software to allow complete setup 
and access of the VFD and logs of VFD operation through the USB port. It shall be 
possible to communicate to the VFD through this USB port without interrupting VFD 
communications to the building management system. 

3. The VFD shall have provisions for an optional 24 V DC back-up power interface to power 
the VFD’s control card. This is to allow the VFD to continue to communicate to the 
building automation system even if power to the VFD is lost. 

I. ADJUSTMENTS 
1. The VFD shall have a manually adjustable carrier frequency that can be adjusted in 0.5 

kHz increments to allow the user to select the desired operating characteristics. The VFD 
shall also be programmable to automatically reduce its carrier frequency to avoid tripping 
due to thermal loading. 

2. Four independent setups shall be provided. 
3. Four preset speeds per setup shall be provided for a total of 16.  
4. Each setup shall have two programmable ramp up and ramp down times. Acceleration 

and deceleration ramp times shall be adjustable over the range from 1 to 3,600 seconds.  
5. Each setup shall be programmable for a unique current limit value. If the output current 

from the VFD reaches this value, any further attempt to increase the current produced by 
the VFD will cause the VFD to reduce its output frequency to reduce the load on the VFD. 
If desired, it shall be possible to program a timer which will cause the VFD to trip off after 
a programmed time period. 

6. If the VFD trips on one of the following conditions, the VFD shall be programmable for 
automatic or manual reset: external interlock, under-voltage, over-voltage, current limit, 
over temperature, and VFD overload. 
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7. The number of restart attempts shall be selectable from 0 through 20 or infinitely and the 
time between attempts shall be adjustable from 0 through 600 seconds. 

8. An automatic “start delay” may be selected from 0 to 120 seconds. During this delay time, 
the VFD shall be programmable to either apply no voltage to the motor or apply a DC 
braking current if desired. 

9. Four programmable critical frequency lockout ranges to prevent the VFD from operating 
the load at a speed that causes vibration in the driven equipment shall be provided.  
Semi-automatic setting of lockout ranges shall simplify the set-up. 

J. BYPASS 
1. The Bypass Package shall be built, mounted and tested by the VFD manufacturer. The 

VFD manufacturer’s warranty shall apply to the entire assembly as shipped.  Bypass 
Panel shall carry a UL / C-UL Enclosed Industrial Control Panel label. 

2. Bypass Package shall be marked for 100,000 amp short circuit current rating. 
3. The enclosure rating of the VFD w/ Bypass Package shall be consistent with the VFD 

rating of either NEMA/UL type 1 or NEMA/UL type 12, as required for the installation 
location and/or as called for on the schedule.   

4. Three-Contactor Bypass Package shall be provided that allows operation of the motor via 
line power in the event of a failure of the VFD. Motor control selection shall be though 
either a VFD output contactor or a bypass contactor that are electrically interlocked to 
ensure that both contactors are not energized simultaneously. A third contactor, the drive 
input contactor, shall be supplied as standard.   This allows the powering of the VFD with 
the motor off or operating in bypass mode for testing, programming and troubleshooting 
purposes.  

5. The Contactor bypass shall include the following interface and control features: 
a. Bypass or VFD selection shall be via the VFD keypad. This feature shall be 

allowed via a separate optional 24vdc power supply, supplied as part of the bypass 
option, which allows the logic control and keypad of the VFD and bypass to remain 
active without power being supplied to the VFD itself. The 24vdc power supply 
shall operate off of any two legs of the AC line and shall maintain power on the 
loss of any one of the AC lines. 

b. Selection of Bypass or VFD operation shall be by any one of the following:  
Manually via the VFD keypad, remotely via a contact closure from the BMS 
system, commanded over the communication network or automatic bypass 
operation based on VFD programming.   

c. There shall be complete common start/stop command when operating in either 
Bypass or VFD mode.  While operating in Bypass mode, the keypad shall allow the 
selection of Hand or Remote motor starting. In Hand and Bypass modes, pushing 
the keypad start button shall initiate motor operation via line power.  When in 
Remote and Bypass modes are selected the motor shall start just as it would have 
in VFD and Remote mode.  

d. Selectable Run Permissive logic shall operate in either VFD or bypass operation.  
When activated, any command to start the motor, in either Hand Bypass, Remote 
Bypass, Hand VFD or Remote VFD shall not start the motor.  

e. Bypass package shall include an External Safety interlock that will disable motor 
operation in either bypass or VFD when open.   

f. The bypass must include a programmable time delay of 0 to 60 seconds before the 
initiation of bypass operation.  When transferring from VFD to bypass modes, the 
time delay starts after the motor has decelerated to zero speed. This delay allows 
the BAS to prepare for bypass operating.   

g. Communication of the following bypass package conditions shall be available via 
serial communications: 

 • Running from VFD 
 • Running from bypass 
 • Motor not running 
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•      External trip 
 • Contactor fault 
 • Bypass control logic fault 
 • Permissive open 
 • Overload trip 

h. Service and maintenance of the VFD shall be possible without posing extreme 
hazard to personnel while operating the motor in bypass mode. Drive-in-a-box and 
similar designs that do not allow for safe maintenance of the VFD will not be 
allowed. 

i. The VFD fault log shall monitor bypass fault conditions and store with all other 
faults. These shall include safety trips, overload trips and contactor malfunctioning.   

6. PROTECTIVE FEATURES 
a. Main input disconnect shall be provided that removes power from both the bypass 

and VFD.   
b. Main input motor rated fuses that protect the entire package. 
c. VFD only fast acting input fuses shall be provided.  Packages that include only 

main input motor rated fusing.   
d. Overload protection shall be supplied in bypass mode.   
e. This overload shall supply minimum class 20 protection as well as wide adjustable 

current setting for complete motor protection when operating on line power.    
f. Overload protection shall include phase loss and phase imbalance protection. 
g. Visual indication of an overload trip condition shall be displayed on the VFD 

keypad. 
h. Resetting an overload trip condition shall not require the opening of the enclosure 

door for safety reasons and shall be accomplished via a digital input, door 
mounted device (drive keypad), or over the serial communications.   

i. Low voltage contactor operation shall be maintained to 70% the of packages 
nominally rated voltage. This will ensure VFD operation on low voltage conditions 
that would otherwise be interrupted due to contactor dropout. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

B. Examine roughing-in for piping systems to verify actual locations of piping connections before 
pump installation. 

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

3.2 CONCRETE BASES 

A. Install concrete bases of dimensions indicated for pumps and controllers.  Refer to Division 23 
Section "Common Work Results for HVAC." 

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise 
indicated, install dowel rods on 18-inch 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. 
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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. 

B. Cast-in-place concrete materials and placement requirements are specified in Division 03. 

3.3 PUMP INSTALLATION 

A. Comply with HI 1.4. 

B. Install pumps with access for periodic maintenance including removal of motors, impellers, 
couplings, and accessories. 

C. Independently support pumps and piping so weight of piping is not supported by pumps and 
weight of pumps is not supported by piping. 

D. Install continuous-thread hanger rods and spring hangers with vertical-limit stop of sufficient 
size to support pump weight.  Vibration isolation devices are specified in Division 23 Section 
"Vibration 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." 

E. Set base-mounted pumps on concrete foundation.  Disconnect coupling before setting.  Do not 
reconnect couplings until alignment procedure is complete. 

1. 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 1-1/2 inches 
between pump base and foundation for grouting. 

2. 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. 

F. Automatic Condensate Pump Units:  Install units for collecting condensate and extend to open 
drain. 

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. Comply with pump and coupling manufacturers' written instructions. 

C. Adjust pump and motor shafts for angular and offset alignment by methods specified in HI 1.1-
1.5, "Centrifugal Pumps for Nomenclature, Definitions, Application and Operation 

D. After alignment is correct, tighten foundation bolts evenly but not too firmly.  Completely fill 
baseplate with nonshrink, nonmetallic grout while metal blocks and shims or wedges are in 
place.  After grout has cured, fully tighten foundation bolts. 
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3.5 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to machine to allow service and maintenance. 

C. Connect piping to pumps.  Install valves that are same size as piping connected to pumps. 

D. Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles. 

E. Install triple-duty valve on discharge side of pumps. 

F. Install Y-type strainer, suction diffuser and shutoff valve on suction side of pumps. 

G. Install flexible connectors on suction and discharge sides of base-mounted pumps between 
pump casing and valves. 

H. Install pressure gages on pump suction and discharge, at integral pressure-gage tapping, or 
install single gage with multiple input selector valve. 

I. Install check valve and gate or ball valve on each condensate pump unit discharge. 

J. Install electrical connections for power, controls, and devices. 

K. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 

L. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power 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 instructions. 
2. Check piping connections for tightness. 
3. Clean strainers on suction piping. 
4. Perform the following startup checks for each pump before starting: 

a. Verify bearing lubrication. 
b. Verify that pump is free to rotate by hand and that pump for handling hot liquid is 

free to rotate with pump hot and cold.  If pump is bound or drags, do not operate 
until cause of trouble is determined and corrected. 

c. Verify that pump is rotating in the correct direction. 

5. Prime pump by opening suction valves and closing drains, and prepare pump for 
operation. 

6. Start motor. 
7. Open discharge valve slowly. 



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 
 

 
DIVISION 23   HYDRONIC PUMPS  232123 – 14 of 14 
Permitting and Bidding    

3.7 DEMONSTRATION 

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 232123 
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SECTION 232213 - STEAM AND CONDENSATE HEATING PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes pipe and fittings for LP and HP steam and condensate piping: 

B. Related Requirements: 

1. Section 232216 "Steam and Condensate Piping Specialties" for strainers, flash tanks, 
special-duty valves, steam traps, thermostatic air vents and vacuum breakers, and steam 
and condensate meters. 

1.3 ACTION SUBMITTALS 

A. Product Data: For RTRP and RTRF and adhesive. 

B. Delegated-Design Submittal: 

1. Design calculations and detailed fabrication and assembly of pipe anchors and alignment 
guides, hangers and supports for multiple pipes, expansion joints and loops, and 
attachments of the same to the building structure. 

2. Locations of pipe anchors and alignment guides and expansion joints and loops. 
3. Locations of and details for penetrations, including sleeves and sleeve seals for exterior 

walls, floors, basement, and foundation walls. 
4. Locations of and details for penetration and firestopping for fire- and smoke-rated wall 

and floor and ceiling assemblies. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Piping layout, drawn to scale, on which the following items are shown 
and coordinated with each other, using input from installers of the items involved: 

1. Suspended ceiling components. 
2. Other building services. 
3. Structural members. 

B. Qualification Data: For Installer. 

C. Welding certificates. 

D. Field quality-control reports. 
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1.5 QUALITY ASSURANCE 

A. Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel." 

1.6 STEAM AND CONDENSATE PIPE WELDING 

A. Scope: Provide liquid penetrant examination (PT) of the completed root pass for all butt welds in 
high-alloy chrome-moly piping systems including, but not limited to: 
1. ASTM A335 P11 
2. Matching fittings per ASTM A234 WP11 
3. Forged components per ASTM A182 F11 

B. Examination shall be performed prior to deposition of subsequent weld metal. 

C. References: 
1. ASME Section V – NDE methods 
2. ASME Section IX – WPS/PQR qualification 
3. ASME B31.1 – Acceptance criteria 
4. ASTM E165 – Liquid Penetrant Examination 

D. Examination Requirements 
1. Extent of Examination 

a. 100% of all butt weld root passes. 
b. Includes shop and field welds. 
c. Applies to longitudinal and circumferential welds. 

2. Examination Timing 
a. Root pass shall be visually inspected and allowed to cool to ambient temperature. 
b. PT shall be completed before hot pass or fill passes are deposited. 
c. No further welding shall proceed until root pass is accepted. 

E. Procedure  
1. Method 

a. Solvent-removable visible or fluorescent penetrant method. 
b. Procedure qualified in accordance with ASME Section V. 

2. Surface Preparation 
a. Remove slag, oxide scale, and spatter. 
b. No wire brushing with carbon steel brushes. 
c. Use stainless steel brushes dedicated to chrome-moly service. 
d. Surface shall be clean and dry. 

3. Dwell and Development 
a. Penetrant dwell time per manufacturer recommendation. 
b. Developer application uniform and continuous. 

F. Acceptance Criteria 
1. Acceptance criteria shall comply with: 

a. ASME B31.1, Table 136.4.1 (Surface Examination) 
2. Rejectable indications include: 

a. Any linear indication 
b. Rounded indications exceeding code limits 
c. Any crack indication regardless of size 

3. All rejectable indications shall be removed by grinding and re-welded in accordance with 
approved WPS. Repaired areas shall be re-examined by PT. 
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G. Personnel Qualifications 
1. Examiners shall be certified to: 

a.  ASNT SNT-TC-1A Level II or III or  
b. ACCP Level II or higher 

H. Welding Requirements 
1. Preheat 

a. Preheat shall comply with approved WPS and material requirements (typically 
300–400°F for P11/P22). 

2. Interpass Temperature 
a. Maintain within WPS limits. 

3. Post Weld Heat Treatment (PWHT) 
a. PWHT required where mandated by thickness and code. 
b. PWHT shall not be performed until: 

1) Root-pass PT is accepted 
2) Final weld PT/UT (if required) is accepted 

1.7 PERFORMANCE REQUIREMENTS 

A. Components and installation shall be capable of withstanding the following minimum working 
pressures and temperatures unless otherwise indicated: 
1. LP Steam Piping: 7.5 psig. 
2. HP Steam Piping: 150 psig 
3. Condensate Piping: 150 psig (kPa)> at 250 deg F. 
4. Blowdown-Drain Piping: Equal to pressure of the piping system to which it is attached. 
5. Air-Vent and Vacuum-Breaker Piping: Equal to pressure of the piping system to which it 

is attached. 
6. Safety-Valve-Inlet and -Outlet Piping: Equal to pressure of the piping system to which it is 

attached. 

1.8 STEEL PIPE AND FITTINGS 

A. Chrome Moly Alloy Seamless Pipe: ASTM A335 / ASME SA335 Grade P11; and welded and 
flanged joints, and Schedule as indicated in piping applications articles. 

B. Chrome Moly Alloy Threaded Fittings: ASTM A234 WP11; Classes 150 and 300 as indicated in 
piping applications articles. 

C. Chrome Moly Alloy Unions: ASTM A234 WP11; Classes 150, 250, and 300 as indicated in 
piping applications articles. 

D. Chrome Moly Alloy  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. 
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1.9 JOINING MATERIALS 

A. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system 
contents. 

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch (3.2-mm) maximum thickness 
unless otherwise indicated. 

a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges. 
b. Narrow-Face Type: For raised-face, Class 250steel flanges. 

B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated. 

C. Welding Filler Metals: Comply with AWS D10.12M/D10.12 for welding materials appropriate for 
wall thickness and chemical analysis of steel pipe being welded. 

D. Welding Materials: Comply with Section II, Part C, of ASME Boiler and Pressure Vessel Code 
for welding materials appropriate for wall thickness and for chemical analysis of pipe being 
welded. 

PART 2 - EXECUTION 

2.1 LP STEAM PIPING APPLICATIONS 

A. LP Steam Piping, NPS 2 (DN 50) and Smaller:  Schedule 80, ASTM A335 / ASME SA335 
Grade P11 Chrome Moly Alloy Seamless Pipe; ASTM A234 WP11 fittings; and welded and 
flanged joints. 

B. LP Steam Piping, NPS 2-1/2 and Larger: Schedule 80, ASTM A335 / ASME SA335 Grade P11 
Chrome Moly Alloy Seamless Pipe; ASTM A234 WP11, Class 300 fittings, flanges, and flange 
fittings; and welded and flanged joints. 

C. Condensate piping above grade, NPS 2  and smaller, shall be the following: 

1. Schedule 80, ASTM A335 / ASME SA335 Grade P11 Chrome Moly Alloy Seamless Pipe; 
ASTM A234 WP11 fittings, flanges, and Class 300 flange fittings; and welded and 
flanged joints. 

2.2 HP STEAM PIPING APPLICATIONS 

A. HP Steam Piping, NPS 2 and Smaller Schedule 80, ASTM A335 / ASME SA335 Grade P11 
Chrome Moly Alloy Seamless Pipe; ASTM A234 WP11 Class 300 fittings; and welded and 
flanged joints. 

B. HP Steam Piping, NPS 2-1/2 through NPS 12 Schedule 80, ASTM A335 / ASME SA335 Grade 
P11 Chrome Moly Alloy Seamless Pipe; ASTM A234 WP11 Class 300 fittings, flanges, and 
flange fittings; and welded and flanged joints. 

C. Condensate piping, NPS 4 and smaller, shall be the following: 
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1. Schedule 80, ASTM A335 / ASME SA335 Grade P11 Chrome Moly Alloy Seamless Pipe; 
ASTM A234 WP11 fittings; and welded and flanged joints. 

2.3 ANCILLARY PIPING APPLICATIONS 

A. Blowdown-Drain Piping: Same materials and joining methods as for piping specified for the 
service in which blowdown drain is installed. 

B. Vacuum-Breaker Piping: Outlet, same as service where installed. 

C. Safety-Valve-Inlet and -Outlet Piping: Same materials and joining methods as for piping 
specified for the service in which safety valve is installed. 

2.4 PIPING INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems. Install piping as indicated unless deviations to layout are approved on Coordination 
Drawings. 

B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 
and service areas. 

C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls. Diagonal runs are prohibited unless otherwise indicated. 

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

E. Install piping to permit valve servicing. 

F. Install piping free of sags and bends. 

G. Install fittings for changes in direction and branch connections. 

H. Install piping to allow application of insulation. 

I. Select system components with pressure rating equal to or greater than system operating 
pressure. 

J. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing 
of valves. 

K. Install drains, consisting of a tee fitting, NPS 3/4 full port-ball valve, and short NPS ¾ threaded 
nipple with cap, at low points in piping system mains and elsewhere as required for system 
drainage. 

L. Install steam supply piping at a minimum uniform grade of 0.2 percent downward in direction of 
steam flow. 

M. Install condensate return piping at a minimum uniform grade of 0.4 percent downward in 
direction of condensate flow. 

N. Reduce pipe sizes using eccentric reducer fitting installed with level side down. 
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O. Install branch connections to mains using mechanically formed tee fittings in main pipe, with the 
branch connected to top of main pipe. 

P. Install valves according to Section 230523 "General Duty Valves for HVAC Piping,"  

Q. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of 
equipment, and elsewhere as indicated. 

R. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere 
as indicated. 

S. Install shutoff valve immediately upstream of each dielectric fitting. 

T. Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere 
as indicated. Install NPS 3/4 nipple and full port ball valve in blowdown connection of strainers 
NPS 2 and larger. Match size of strainer blowoff connection for strainers smaller than NPS 2. 

U. Comply with requirements in Section 230516 "Expansion Fittings and Loops for HVAC Piping" 
for installation of expansion loops, expansion joints, anchors, and pipe alignment guides. 

V. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for 
identifying piping. 

W. Install drip legs at low points and natural drainage points such as ends of mains, bottoms of 
risers, and ahead of pressure regulators, and control valves. 

1. On straight runs with no natural drainage points, install drip legs at intervals not 
exceeding 300 feet. 

2. Size drip legs same size as main. In steam mains NPS 6 and larger, drip leg size can be 
reduced, but to no less than NPS 4. 

X. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for 
sleeves specified in Section 230500. 

Y. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with 
requirements for escutcheons specified in Section 230500. 

2.5 STEAM AND CONDENSATE PIPING SPECIALTIES INSTALLATION 

A. Comply with requirements in Section 232216 "Steam and Condensate Piping Specialties" for 
installation requirements for strainers, flash tanks, special-duty valves, steam traps, 
thermostatic air vents and vacuum breakers, and steam and condensate meters. 

2.6 HANGERS AND SUPPORTS 

A. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and 
Equipment" for installation of hangers and supports. Comply with requirements below for 
maximum spacing. 

B. Comply with requirements in Section 230548 "Vibration and Seismic Controls for HVAC" for 
seismic restraints. 



Boiler Project at Bozorth Hall and Hawthorn Hall 
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 
 

 
DIVISION 23   STEAM AND CONDENSATE PIPING  232213 – 7 of 8 
Permitting and Bidding  

C. Install the following pipe attachments: 

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long. 
2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or 

longer. 
3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, 

supported on a trapeze. 
4. Spring hangers to support vertical runs. 

D. Install hangers for steel steam supply piping with the following maximum spacing: 

1. NPS 3/4 (DN 20): Maximum span, 9 feet (2.7 m). 
2. NPS 1 (DN 25): Maximum span, 9 feet (2.7 m). 
3. NPS 1-1/2 (DN 40): Maximum span, 12 feet (3.7 m). 
4. NPS 2 (DN 50): Maximum span, 13 feet (4 m). 
5. NPS 2-1/2 (DN 65): Maximum span, 14 feet (4.3 m). 
6. NPS 3 (DN 80) and Larger: Maximum span, 15 feet (4.6 m). 

E. Install stainless steel hangers and supports for steel steam condensate piping with the following 
maximum spacing: 

1. NPS 3/4 (DN 20): Maximum span, 7 feet (2.1 m). 
2. NPS 1 (DN 25): Maximum span, 7 feet (2.1 m). 
3. NPS 1-1/2 (DN 40): Maximum span, 9 feet (2.7 m). 
4. NPS 2 (DN 50): Maximum span, 10 feet (3 m). 
5. NPS 2-1/2 (DN 65): Maximum span, 11 feet (3.4 m). 
6. NPS 3 (DN 80) and Larger: Maximum span, 12 feet ((3.7 m).) 

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

2.7 PIPE JOINT CONSTRUCTION 

A. Ream ends of pipes and remove burrs. Bevel plain ends of steel pipe. 

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

C. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut 
threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore 
full ID. Join pipe fittings and valves as follows: 

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal 
threading is specified. 

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or 
damaged. Do not use pipe sections that have cracked or open welds. 

D. Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified processes 
and welding operators according to "Quality Assurance" Article. 

E. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service 
application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads. 
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F. Fiberglass Bonded Joints: Prepare pipe ends and fittings, apply adhesive, and join according to 
pipe manufacturer's written instructions. 

2.8 TERMINAL EQUIPMENT CONNECTIONS 

A. Size for supply and return piping connections shall be the same as or larger than equipment 
connections. 

B. Install traps and control valves in accessible locations close to connected equipment. 

C. Install bypass piping with globe valve around control valve. If parallel control valves are 
installed, only one bypass is required. 

D. Install vacuum breakers downstream from control valve, close to coil inlet connection. 

E. Install a drip leg at coil outlet. 

2.9 FIELD QUALITY CONTROL 

A. Prepare steam and condensate piping according to ASME B31.1, "Power Piping," and 
ASME B31.9, "Building Services Piping," and as follows: 

1. Leave joints, including welds, uninsulated and exposed for examination during test. 
2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test 

pressure. If temporary restraints are impractical, isolate expansion joints from testing. 
3. Flush system with clean water. Clean strainers. 
4. Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be 

capable of sealing against test pressure without damage to valve. Install blinds in flanged 
joints to isolate equipment. 

B. Perform the following tests and inspections: 

1. Use ambient temperature water as a testing medium unless there is risk of damage due 
to freezing. Another liquid that is safe for workers and compatible with piping may be 
used. 

2. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the 
working pressure. Test pressure shall not exceed maximum pressure for any vessel, 
pump, valve, or other component in system under test. Verify that stress due to pressure 
at bottom of vertical runs does not exceed 90 percent of specified minimum yield 
strength. 

3. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, 
joints, and connections for leakage. Eliminate leaks by tightening, repairing, or replacing 
components, and repeat hydrostatic test until there are no leaks. 

C. Prepare test and inspection reports. 

END OF SECTION 232213 
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SECTION 232216 - STEAM AND CONDENSATE PIPING SPECIALTIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section includes the following piping specialties for LP and HP steam and condensate piping: 

1. Strainers. 
2. Safety valves. 
3. Pressure-reducing valves. 
4. Steam traps. 
5. Thermostatic air vents and vacuum breakers. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of the following: 

1. Pressure-reducing and safety valve. 
2. Steam trap. 
3. Air vent and vacuum breaker. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For valves, safety valves, pressure-reducing valves, steam 
traps, air vents, and vacuum breakers, to include in emergency, operation, and maintenance 
manuals. 

1.5 QUALITY ASSURANCE 

A. Pipe Welding: Qualify procedures and operators according to the following: 

1. ASME Compliance: Safety valves and pressure vessels shall bear the appropriate ASME 
label. Fabricate and stamp flash tanks to comply with ASME Boiler and Pressure Vessel 
Code: Section VIII, Division 1. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Components and installation shall be capable of withstanding the following minimum working 
pressures and temperatures unless otherwise indicated: 

1. HP Steam Piping: 50 psig. 
2. LP Steam Piping: 7.5 psig. 
3. Condensate Piping: 50 psig (kPa)> at 250 deg F. 
4. Air-Vent and Vacuum-Breaker Piping: Equal to pressure of the piping system to which it 

is attached. 
5. Safety-Valve-Inlet and -Outlet Piping: Equal to pressure of the piping system to which it is 

attached. 

2.2 VALVES 

A. Gate, Globe, Check, Ball, and Butterfly Valves: Comply with requirements specified in 
Section 230523 "General Duty Valves for HVAC Piping."  

B. Stop-Check Valves for hydronic piping: 
1. Body and Bonnet: Malleable iron. 
2. End Connections: Flanged. 
3. Disc: Cylindrical with removable liner and machined seat. 
4. Stem: Brass alloy. 
5. Packing: Polytetrafluoroethylene-impregnated packing with two-piece packing gland 

assembly. 
6. Pressure Class: 250. 

C. Stop-Check Valves for steam and steam condensate piping: 
1. Body and Bonnet: 316 Stainless Steel. 
2. End Connections: Flanged or Socket Welded. 
3. Disc: Cylindrical with removable liner and machined seat. 
4. Spring: Stainless Steel 
5. Packing: Fluorocarbon polymer packing with two-piece packing gland assembly. 
6. Pressure Class: 300. 

2.3 STRAINERS 

A. Y-Pattern Strainers for hydronic piping: 

1. Body: ASTM A 126, Class B cast iron, with bolted cover and bottom drain connection. 
2. End Connections: Threaded ends for strainers NPS 2 (DN 50) and smaller; flanged ends 

for strainers NPS 2-1/2 (DN 65) and larger. 
3. Strainer Screen: Stainless-steel, 40-mesh strainer, or perforated stainless-steel basket. 
4. Tapped blowoff plug. 
5. CWP Rating: 250-psig (1725-kPa) working steam pressure. 

B. Y-Pattern Strainers for steam and steam condensate piping: 

1. Body: ASTM A 351 CF8M, 316 Stainless Steel, with bottom drain connection. 
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2. End Connections: Socket weld ends for strainers NPS 2 (DN 50) and smaller; flanged 
ends for strainers NPS 2-1/2 (DN 65) and larger. 

3. Strainer Screen: Stainless-steel, 40-mesh strainer, or perforated stainless-steel basket. 
4. Tapped blowoff plug. 
5. CWP Rating: 1000-psig -psig working steam pressure. 

2.4 SAFETY VALVES 

A. Bronze Safety Valves: ASME labeled. 

1. Disc Material: Forged copper alloy. 
2. End Connections: Threaded inlet and outlet. 
3. Spring: Fully enclosed steel spring with adjustable pressure range and positive shutoff, 

factory set and sealed. 
4. Pressure Class: 250. 
5. Drip-Pan Elbow: Cast iron and having threaded inlet and outlet with threads complying 

with ASME B1.20.1. 
6. Size and Capacity: As required for equipment according to ASME Boiler and Pressure 

Vessel Code. 

B. Cast-Iron Safety Valves: ASME labeled. 

1. Disc Material: Forged copper alloy with bronze nozzle. 
2. End Connections: Raised-face flanged inlet and threaded or flanged outlet connections. 
3. Spring: Fully enclosed cadmium-plated steel spring with adjustable pressure range and 

positive shutoff, factory set and sealed. 
4. Pressure Class: 250. 
5. Drip-Pan Elbow: Cast iron and having threaded inlet, outlet, and drain, with threads 

complying with ASME B1.20.1. 
6. Exhaust Head: Cast iron and having threaded inlet and drain, with threads complying with 

ASME B1.20.1. 
7. Size and Capacity: As required for equipment according to ASME Boiler and Pressure 

Vessel Code. 

2.5 PRESSURE-REDUCING VALVES 

A. Pilot-Operated Regulating Valves 

1. Manufacturers: Subject to compliance with requirements, provide product by one of the 
following: 

 
a. Spence. 
b. Watson McDaniel 

B. ASME labeled. 

C. Size, Capacity, and Pressure Rating: Factory set for inlet and outlet pressures indicated. 

D. Description: Pilot-actuated, diaphragm type, with adjustable pressure range and positive shutoff. 

E. Body: Cast iron. 

http://www.specagent.com/LookUp/?ulid=9702&mf=04&src=wd
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F. End Connections: Threaded connections for valves NPS 2 and smaller and flanged connections 
for valves NPS 2-1/2 and larger. 

G. Trim: Hardened stainless steel. 

H. Head and Seat: Replaceable, main head stem guide fitted with flushing and pressure-arresting 
device cover over pilot diaphragm. 

I. Gaskets: Non-asbestos materials. 

J. Diaphragm: Stainless Steel 

K. External Tubing: Stainless Steel 

2.6 STEAM TRAPS 

A. Thermostatic Traps: 

1. Body: Stinaless Steel angle-pattern body with integral union tailpiece and screw-in cap. 
2. Trap Type: Balanced-pressure. 
3. Bellows: Stainless steel or monel. 
4. Head and Seat: Replaceable, hardened stainless steel. 
5. Pressure Class: 125. 

B. Thermodynamic Traps: 

1. Body: Stainless steel with screw-in cap. 
2. End Connections: Threaded. 
3. Disc and Seat: Stainless steel. 
4. Maximum Operating Pressure: 600 psig. 

C. Float and Thermostatic Traps: 

1. Body and Bolted Cap: Stainless steel. 
2. End Connections: Flanged. 
3. Float Mechanism: Replaceable, stainless steel. 
4. Head and Seat: Hardened stainless steel. 
5. Trap Type: Balanced pressure. 
6. Thermostatic Bellows: Stainless steel or monel. 
7. Thermostatic air vent capable of withstanding 45 deg F (25 deg C) of superheat and 

resisting water hammer without sustaining damage. 
8. Vacuum Breaker: Thermostatic with phosphor bronze bellows, and stainless-steel cage, 

valve, and seat. 
9. Maximum Operating Pressure: 600 psig. 

D. Inverted Bucket Traps: 
1. Body and Cap: Stainless steel. 
2. End Connections: Threaded. 
3. Head and Seat: Stainless steel. 
4. Valve Retainer, Lever, and Guide Pin Assembly: Stainless steel. 
5. Bucket: Brass or stainless steel. 
6. Strainer: Integral stainless-steel inlet strainer within the trap body. 
7. Air Vent: Stainless-steel thermostatic vent. 
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8. Pressure Rating: 250 psig (1725 kPa). 

2.7 THERMOSTATIC AIR VENTS AND VACUUM BREAKERS 

A. Thermostatic Air Vents: 
1. Body: Stainless steel. 
2. End Connections: Threaded. 
3. Float, Valve, and Seat: Stainless steel. 
4. Thermostatic Element: Phosphor bronze bellows in a stainless-steel cage. 
5. Pressure Rating: 125 psig. 
6. Maximum Temperature Rating: 350 deg F. 

B. Vacuum Breakers: 
1. Body: Stainless steel. 
2. End Connections: Threaded. 
3. Sealing Ball, Retainer, Spring, and Screen: Stainless steel. 
4. O-Ring Seal: EPR. 
5. Pressure Rating: 125 psig. 
6. Maximum Temperature Rating: 350 deg F. 

PART 3 - EXECUTION 

3.1 VALVE APPLICATIONS 

A. Install shutoff duty valves at branch connections to steam supply mains, at steam supply 
connections to equipment, and at the outlet of steam traps. 

B. Install safety valves on pressure-reducing stations and elsewhere as required by ASME Boiler 
and Pressure Vessel Code. Install safety-valve discharge piping, without valves, to nearest floor 
drain or as indicated on Drawings. Comply with ASME Boiler and Pressure Vessel Code: 
Section VIII, Division 1, for installation requirements. 

3.2 PIPING INSTALLATION 

A. Install piping to permit valve servicing. 

B. Install drains, consisting of a tee fitting, NPS 3/4 (DN 20) full port-ball valve, and short NPS 3/4 
(DN 20) threaded nipple with cap, at low points in piping system mains and elsewhere as 
required for system drainage. 

C. Install valves according to Section 230523. 

D.  Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of 
equipment, and elsewhere as indicated. 

E. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere 
as indicated. 

F. Install shutoff valve immediately upstream of each dielectric fitting. 
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G. Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere 
as indicated. Install NPS 3/4 (DN 20) nipple and full port 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). 

3.3 STEAM-TRAP INSTALLATION 

A. Install steam traps in accessible locations as close as possible to connected equipment. 

B. Install full-port ball valve, strainer, and union upstream from trap; install union, check valve, and 
full-port ball valve downstream from trap unless otherwise indicated. 

3.4 PRESSURE-REDUCING VALVE INSTALLATION 

A. Install pressure-reducing valves in accessible location for maintenance and inspection. 

B. Install bypass piping around pressure-reducing valves, with globe valve equal in size to area of 
pressure-reducing valve seat ring, unless otherwise indicated. 

C. Install gate valves on both sides of pressure-reducing valves. 

D. Install unions or flanges on both sides of pressure-reducing valves having threaded- or flanged-
end connections, respectively. 

E. Install pressure gages on low-pressure side of pressure-reducing valves after the bypass 
connection according to Section 230519 "Meters and Gages for HVAC Piping." 

F. Install strainers upstream for pressure-reducing valve. 

G. Install safety valve downstream from pressure-reducing valve station. 

3.5 SAFETY VALVE INSTALLATION 

A. Install safety valves according to ASME B31.1, "Power Piping"; and ASME B31.9, "Building 
Services Piping." 

B. Pipe safety-valve discharge without valves to atmosphere outside the building. 

C. Install drip-pan elbow fitting adjacent to safety valve and pipe drain connection to nearest floor 
drain. 

D. Install exhaust head with drain to waste, on vents equal to or larger than NPS 2-1/2 (DN 65). 

3.6 TERMINAL EQUIPMENT CONNECTIONS 

A. Install traps and control valves in accessible locations close to connected equipment. 

B. Install bypass piping with globe valve around control valve. If parallel control valves are 
installed, only one bypass is required. 
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C. Install vacuum breakers downstream from control valve, close to coil inlet connection. 

END OF SECTION 232216 
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SECTION 232223 – STEAM CONDENSATE PUMPS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Pressure-powered steam condensate pumps. 

1.2 DEFINITIONS 

A. PPE: Polyphenylene ether. 

B. PPO: Polyphenylene oxide. 

1.3 ACTION SUBMITTALS 

A. Product Data: 

1. For each type of steam condensate pump. 

a. Include certified performance curves and rated capacities, operating 
characteristics, furnished specialties, and accessories. 

b. Indicate pump's operating point on curves. 
c. Include receiver capacity and material. 

B. Shop Drawings: For each pump/receiver. 

1. Show pump layout and connections. 
2. Include setting drawings with templates for installing foundation and anchor bolts and 

other anchorages. 
3. Include diagrams for power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 
and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For pumps. 

1. Indicate actual installed items by marking submittals with an arrow or box. 
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PART 2 - PRODUCTS 

2.1 SOURCE LIMITATIONS 

A. Obtain each type of pump from single source from single manufacturer. 

2.2 PERFORMANCE REQUIREMENTS 

A. ASME Compliance: Fabricate and label steam condensate receivers to comply with ASME 
Boiler and Pressure Vessel Code: Section VIII, Division 1. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by an NRTL, and marked for intended location and use. 

C. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, "Section 6 - 
Heating, Ventilating, and Air Conditioning." 

2.3 PRESSURE-POWERED STEAM CONDENSATE PUMPS 

A. Manufacturers: 

1. Armstrong Fluid Technology. 
2. Spirax Sarco. 
3. Watson McDaniel. 

B. Description: Factory-fabricated, simplex, pressure-powered pumps with float-operated valve 
controls, valves, piping connections, and accessories suitable for pumping steam condensate 
using steam. 

C. Pump Body: Stainless Steel, ASME rated to 125 psig. 

D. Piping Connections: Threaded or flanged; for steam condensate inlet, outlet, operating medium, 
vent, and indicated accessories. 

E. Level Gauge: Glass site gauge with shutoff cocks. 

F. Valves: Manufacturer's standard check valves on inlet and outlet. 

G. Internal Parts: Stainless steel float, springs, and actuating mechanism. 

H. Valve Seals: Replaceable from exterior. 

I. Receiver: 

1. Factory skid-mounted on steel supports. 
2. Material; Type 316 stainless steel. 
3. Threaded or flanged piping connections. 
4. Water-level gauge and dial thermometer. 
5. Pressure gauge at pump discharge. 
6. Bronze fitting isolation valve between pump and receiver. 
7. Lifting eyebolts. 
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8. Inlet vent and an overflow. 

J. Pipe: ASTM A53/A53M, Type S, Grade B stainless steel . 

K. Fittings: Stainless steel, ASTM A312 with wall thickness to match adjacent pipe. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

B. Examine roughing-in for piping systems to verify actual locations of piping connections before 
pump installation. 

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

3.2 INSTALLATION OF STEAM CONDENSATE PUMPS 

A. Install pumps to provide access for periodic maintenance, including removing motors, impellers, 
couplings, and accessories. 

B. Support pumps and piping separately so piping is not supported by pumps. 

C. Install thermometers and pressure gauges. 

D. Equipment Mounting: 

1. Install pumps on cast-in-place concrete equipment base(s). Comply with requirements for 
equipment bases and foundations specified in Section 230500 "Cast-in-Place Concrete." 

3.3 PIPING CONNECTIONS 

A. Comply with requirements for piping specified in Section 232213 "Steam and Condensate 
Piping" and Section 232216 "Steam and Condensate Heating Piping Specialties." 

B. Where installing piping adjacent to machine, allow space for service and maintenance. 

C. Install a globe and check valve at inlet of each pump and a gate and check valve at pump 
outlet. 

D. Install pressure gauge at each pump discharge. 

E. Pipe drain to nearest floor drain for overflow and drain piping connections. 

F. Install full-size vent piping to outdoors, terminating in 180-degree elbow. 
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3.4 CONTROL CONNECTIONS 

A. Install control and electrical power wiring to field-mounted control devices. 

B. Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power 
Cables." 

3.5 SYSTEM STARTUP 

A. Engage a factory-authorized service representative to perform startup service. 

1. Complete installation and startup checks in accordance with manufacturer's written 
instructions. 

2. Clean strainers. 
3. Adjust steam condensate pump controls. 
4. Adjust pump controls for automatic start, stop, and alarm operation. 
5. Perform the following operational checks before starting: 

a. Set float switches to operate at proper levels. 
b. Check motors for proper rotation. 
c. Test pump controls and demonstrate compliance with requirements. 
d. Replace damaged or malfunctioning pump controls and equipment. 
e. Verify that pump controls are correct for required application. 

6. Start steam condensate pumps in accordance with manufacturer's written startup 
instructions. 

3.6 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain steam condensate 
pumps. 

END OF SECTION 232223 
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SECTION 233113 – METAL DUCTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Single-wall rectangular ducts and fittings. 
2. Sheet metal materials. 
3. Sealants and gaskets. 
4. Hangers and supports. 

B. Related Sections: 

1. Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, 
and balancing requirements for metal ducts. 

2. Division 23 Section "Air Duct Accessories" for dampers, sound-control devices, duct-
mounting access doors and panels, turning vanes, and flexible ducts. 

1.3 PERFORMANCE REQUIREMENTS 

A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam and joint 
construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible" and performance requirements and design 
criteria indicated in "Duct Schedule" Article. 

B. Structural Performance:  Duct hangers and supports shall withstand the effects of gravity loads 
and stresses within limits and under conditions described in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible." 

C. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in 
ASHRAE 62.1-2013. 

1.4 SUBMITTALS 

A. Product Data:  For each type of the following products: 

1. Liners and adhesives. 
2. Sealants and gaskets. 
3. Seismic-restraint devices. 

B. Shop Drawings: 
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1. Fabrication, assembly, and installation, including plans, elevations, sections, 
components, and attachments to other work. 

2. Factory- and shop-fabricated ducts and fittings. 
3. Dimensions of main duct runs from building grid lines. 
4. Fittings. 
5. Reinforcement and spacing. 
6. Seam and joint construction. 
7. Penetrations through fire-rated and other partitions. 
8. Equipment installation based on equipment being used on Project. 
9. Hangers and supports, including methods for duct and building attachment and vibration 

isolation. 

1.5 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to the following: 

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 
2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum supports. 
3. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 

B. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and 
Equipment" and Section 7 - "Construction and System Start-Up." 

C. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, Section 6.4.4 - 
"HVAC System Construction and Insulation." 

PART 2 - PRODUCTS 

2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise 
indicated. Ductwork shall be mechanical fastened and sealed. Mechanical fasteners for use with 
flexible non-metallic air ducts shall comply with UL 181B and shall be marked “181 B-C”. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 1-4, "Transverse (Girth) Joints," for static-
pressure class, applicable sealing requirements, materials involved, duct-support intervals, and 
other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 1-5, "Longitudinal Seams - Rectangular 
Ducts," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible." 

D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  Select types 
and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Chapter 2, "Fittings and Other Construction," for static-pressure class, applicable 
sealing requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
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2.2 SHEET METAL MATERIALS 

A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards 
- Metal and Flexible" for acceptable materials, material thicknesses, and duct construction 
methods unless otherwise indicated.  Sheet metal materials shall be free of pitting, seam marks, 
roller marks, stains, discolorations, and other imperfections. 

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 

1. Galvanized Coating Designation:  G60. 
2. Finishes for Surfaces Exposed to View:  Mill phosphatized. 

C. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, and bars; black 
and galvanized. 

1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum 
ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials. 

D. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch 
minimum diameter for lengths longer than 36 inches. 

2.3 SEALANT AND GASKETS 

A. General Sealant and Gasket Requirements:  Surface-burning characteristics for sealants and 
gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index 
of 50 when tested according to UL 723; certified by an NRTL. 

B. Two-Part Tape Sealing System: 

1. Tape:  Woven cotton fiber impregnated with mineral gypsum and modified acrylic/silicone 
activator to react exothermically with tape to form hard, durable, airtight seal. 

2. Tape Width:  3 inches. 
3. Sealant:  Modified styrene acrylic. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. Maximum Static-Pressure Class:  10-inch wg, positive and negative. 
7. Service:  Indoor and outdoor. 
8. Service Temperature:  Minus 40 to plus 200 deg F. 
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless 

steel, or aluminum. 
10. For indoor applications, use sealant that has a VOC content of 250 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
11. Tape shall comply with UL 181B and shall be marked “181 B-FX”. 

C. Water-Based Joint and Seam Sealant: 

1. Application Method:  Brush on. 
2. Solids Content:  Minimum 65 percent. 
3. Shore A Hardness:  Minimum 20. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. VOC:  Maximum 75 g/L (less water). 
7. Maximum Static-Pressure Class:  10-inch wg, positive and negative. 
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8. Service:  Indoor or outdoor. 
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless 

steel, or aluminum sheets. 
10. Sealant shall comply with UL 181B and shall be marked “181 B-M”. 

D. Flanged Joint Sealant:  Comply with ASTM C 920. 

1. General:  Single-component, acid-curing, silicone, elastomeric. 
2. Type:  S. 
3. Grade:  NS. 
4. Class:  25. 
5. Use:  O. 
6. For indoor applications, use sealant that has a VOC content of 250 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

E. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer. 

2.4 HANGERS AND SUPPORTS 

A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts. 

B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or galvanized rods 
with threads painted with zinc-chromate primer after installation. 

C. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Table 4-1, "Rectangular Duct Hangers Minimum Size."  

D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with ASTM A 603. 

E. Steel Cables for Stainless-Steel Ducts:  Stainless steel complying with ASTM A 492. 

F. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, and 
bolts designed for duct hanger service; with an automatic-locking and clamping device. 

G. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible 
with duct materials. 

H. Trapeze and Riser Supports: 

1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates. 
2. Supports for Stainless-Steel Ducts:  Stainless-steel shapes and plates. 
3. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with zinc chromate. 

PART 3 - EXECUTION 

3.1 DUCT INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct 
system.  Indicated duct locations, configurations, and arrangements were used to size ducts 
and calculate friction loss for air-handling equipment sizing and for other design considerations.  
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Install duct systems as indicated unless deviations to layout are approved on Shop Drawings 
and Coordination Drawings. 

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" 
unless otherwise indicated. 

C. Install ducts with fewest possible joints. 

D. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for 
branch connections. 

E. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines. 

F. Install ducts close to walls, overhead construction, columns, and other structural and permanent 
enclosure elements of building. 

G. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness. 

H. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and 
enclosures. 

I. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed 
to view, cover the opening between the partition and duct or duct insulation with sheet metal 
flanges of same metal thickness as the duct.  Overlap openings on four sides by at least 1-1/2 
inches. 

J. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.  
Comply with requirements in Division 23 Section "Air Duct Accessories" for fire and smoke 
dampers. 

K. Protect duct interiors from moisture, construction debris and dust, and other foreign 
materials. Comply with SMACNA's "Duct Cleanliness for New Construction Guidelines." 

3.2 INSTALLATION OF EXPOSED DUCTWORK 

A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged. 

B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed bead.  Do not use 
two-part tape sealing system. 

C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.  When 
welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, 
and treat the welds to remove discoloration caused by welding. 

D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings, 
hangers and supports, duct accessories, and air outlets. 

E. Repair or replace damaged sections and finished work that does not comply with these 
requirements. 
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3.3 DUCT SEALING 

A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct 
Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible." 

B. Seal ducts to the following seal classes according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible": 

1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
2. Outdoor, Exhaust Ducts:  Seal Class C. 
3. Outdoor, Return-Air Ducts:  Seal Class C. 
4. Conditioned Space, Exhaust Ducts:  Seal Class B. 

3.4 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 4, 
"Hangers and Supports." 

B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel 
fasteners appropriate for construction materials to which hangers are being attached. 

1. Where practical, install concrete inserts before placing concrete. 
2. Install powder-actuated concrete fasteners after concrete is placed and completely cured. 
3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for 

slabs more than 4 inches thick. 
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for 

slabs less than 4 inches thick. 
5. Do not use powder-actuated concrete fasteners for seismic restraints. 

C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Table 4-1, "Rectangular Duct Hangers Minimum Size," for maximum hanger spacing; 
install hangers and supports within 24 inches of each elbow and within 48 inches of each 
branch intersection. 

D. Hangers Exposed to View:  Threaded rod and angle or channel supports. 

E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, 
bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16 
feet. 

F. Install upper attachments to structures.  Select and size upper attachments with pull-out, 
tension, and shear capacities appropriate for supported loads and building materials where 
used. 

3.5 CONNECTIONS 

A. Make connections to equipment with flexible connectors complying with Division 23 Section "Air 
Duct Accessories." 

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch, 
outlet and inlet, and terminal unit connections. 
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3.6 PAINTING 

A. Paint interior of metal ducts that are visible through registers and grilles and that do not have 
duct liner.  Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer.  
Paint materials and application requirements are specified in Division 09 painting Sections. 

3.7 START UP 

A. Air Balance:  Comply with requirements in Division 23 Section "Testing, Adjusting, and 
Balancing for HVAC." 

3.8 DUCT SCHEDULE 

A. Exhaust Ducts: 

1. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air: 

a. Pressure Class:  Negative 1-inch wg. 
b. Minimum SMACNA Seal Class: B if negative pressure, and A if positive pressure. 
c. SMACNA Leakage Class for Rectangular:  12. 

2. Ducts Connected to Equipment Not Listed Above: 

a. Pressure Class:  Positive or negative 2-inch wg. 
b. Minimum SMACNA Seal Class: B if negative pressure, and A if positive pressure. 
c. SMACNA Leakage Class for Rectangular:  6. 

B. Intermediate Reinforcement: 

1. Galvanized-Steel Ducts:  Galvanized steel. 
 

C. Elbow Configuration: 

1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Figure 2-2, "Rectangular Elbows." 

a. Velocity 1000 fpm or Lower: 

1) Radius Type RE 1 with minimum 0.5 radius-to-diameter ratio and two vanes. 
2) Mitered Type RE 4 with vanes. 

2. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Figure 2-2, "Rectangular Elbows." 

a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 
b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes. 
c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane 
Runners," and Figure 2-4, "Vane Support in Elbows." 
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END OF SECTION 233113 
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SECTION 233300 – AIR DUCT ACCESSORIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Backdraft and pressure relief dampers. 
2. Flange connectors. 
3. Turning vanes. 
4. Flexible connectors. 
5. Duct accessory hardware. 

1.3 SUBMITTALS 

A. Shop Drawings:  For duct accessories.  Include plans, elevations, sections, details and 
attachments to other work. 

1. Detail duct accessories fabrication and installation in ducts and other construction.  
Include dimensions, weights, loads, and required clearances; and method of field 
assembly into duct systems and other construction.  Include the following: 

a. Special fittings. 
b. Manual volume damper installations. 
c. Wiring Diagrams:  For power, signal, and control wiring. 

1.4 QUALITY ASSURANCE 

A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with 
NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 

B. Comply with AMCA 500-D testing for damper rating. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 
acceptable materials, material thicknesses, and duct construction methods unless otherwise 
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indicated.  Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, 
discolorations, and other imperfections. 

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 

1. Galvanized Coating Designation:  G60. 
2. Exposed-Surface Finish:  Mill phosphatized. 

C. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on 
galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts. 

D. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch 
minimum diameter for lengths longer than 36 inches. 

2.2 BACKDRAFT AND PRESSURE RELIEF DAMPERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Greenheck Fan Corporation. 
2. Pottorff Company 
3. Ruskin Company. 

B. Description:  Gravity balanced. 

C. Maximum Air Velocity:  2000 fpm. 

D. Maximum System Pressure:  1-inch wg. 

E. Frame:  0.052-inch thick, galvanized sheet steel, with welded corners and mounting flange. 

F. Blades:  Multiple single-piece blades, center-pivoted, maximum 6-inch width, 0.025-inch- thick, 
roll-formed aluminum with sealed edges. 

G. Blade Action:  Parallel. 

H. Blade Seals: Neoprene, mechanically locked. 

I. Blade Axles: 

1. Material: Nonferrous metal. 
2. Diameter: 0.20 inch. 

J. Tie Bars and Brackets: Galvanized steel. 

K. Return Spring: Adjustable tension. 

L. Bearings: Steel ball or synthetic pivot bushings. 

M. Accessories: 

1. Adjustment device to permit setting for varying differential static pressure. 
2. Counterweights and spring-assist kits for vertical airflow installations. 
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3. Electric actuators. 
4. Chain pulls. 
5. Screen Mounting:  Front mounted in sleeve. 

a. Sleeve Thickness: 20-gage minimum. 
b. Sleeve Length: 6 inches minimum. 

6. Screen Material:  Galvanized steel. 
7. Screen Type: Insect. 
8. 90-degree stops. 

2.3 FLANGE CONNECTORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Ductmate Industries, Inc. 
2. Nexus PDQ; Division of Shilco Holdings Inc. 
3. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Description:  Add-on or roll-formed, factory-fabricated, slide-on transverse flange connectors, 
gaskets, and components. 

C. Material:  Galvanized steel. 

D. Gage and Shape:  Match connecting ductwork. 

2.4 TURNING VANES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Ductmate Industries, Inc. 
2. Duro Dyne Inc. 
3. SEMCO Incorporated. 

B. Manufactured Turning Vanes for Metal Ducts:  Curved blades of galvanized sheet steel; support 
with bars perpendicular to blades set; set into vane runners suitable for duct mounting. 

1. Acoustic Turning Vanes:  Fabricate airfoil-shaped aluminum extrusions with perforated 
faces and fibrous-glass fill. 

C. Manufactured Turning Vanes for Nonmetal Ducts:  Fabricate curved blades of resin-bonded 
fiberglass with acrylic polymer coating; support with bars perpendicular to blades set; set into 
vane runners suitable for duct mounting. 

D. General Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible"; Figures 2-3, "Vanes and Vane Runners," and 2-4, "Vane Support in Elbows." 

E. Vane Construction: Double wall. 



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 
 

 
DIVISION 23   AIR DUCT ACCESSORIES  233300 – 4 of 6 
Permitting and Bidding    

F. Vane Construction:  Single wall for ducts up to 48 inches wide and double wall for larger 
dimensions. 

2.5 FLEXIBLE CONNECTORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Ductmate Industries, Inc. 
2. Duro Dyne Inc. 
3. Ventfabrics, Inc. 
4. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Materials:  Flame-retardant or noncombustible fabrics. 

C. Coatings and Adhesives:  Comply with UL 181, Class 1. 

D. Metal-Edged Connectors:  Factory fabricated with a fabric strip 3-1/2 inches wide attached to 2 
strips of 2-3/4-inch wide, 0.028-inch thick, galvanized sheet steel or 0.032-inch  thick aluminum 
sheets.  Provide metal compatible with connected ducts. 

E. Indoor System, Flexible Connector Fabric:  Glass fabric double coated with neoprene. 

1. Minimum Weight:  26 oz./sq. yd.. 
2. Tensile Strength:  480 lbf/inch in the warp and 360 lbf/inch in the filling. 
3. Service Temperature:  Minus 40 to plus 200 deg F. 

F. Outdoor System, Flexible Connector Fabric:  Glass fabric double coated with weatherproof, 
synthetic rubber resistant to UV rays and ozone. 

1. Minimum Weight:  24 oz./sq. yd.. 
2. Tensile Strength:  530 lbf/inch in the warp and 440 lbf/inch in the filling. 
3. Service Temperature:  Minus 50 to plus 250 deg F. 

G. Thrust Limits:  Combination coil spring and elastomeric insert with spring and insert in 
compression, and with a load stop.  Include rod and angle-iron brackets for attaching to fan 
discharge and duct. 

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

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

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

deformation or failure. 
6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene. 
7. Coil Spring:  Factory set and field adjustable for a maximum of 1/4-inch movement at 

start and stop. 
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2.6 DUCT ACCESSORY HARDWARE 

A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including screw cap 
and gasket.  Size to allow insertion of pitot tube and other testing instruments and of length to 
suit duct-insulation thickness. 

B. Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to gasoline 
and grease. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct 
Construction Standards," for fibrous-glass ducts. 

B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories 
in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, 
and aluminum accessories in aluminum ducts. 

C. Install backdraft dampers at inlet of exhaust fans or exhaust ducts as close as possible to 
exhaust fan unless otherwise indicated. 

D. Install test holes at fan inlets and outlets and elsewhere as indicated. 

E. Install flexible connectors to connect ducts to equipment. 

F. Install duct test holes where required for testing and balancing purposes. 

G. Provide remote damper operators where ever volume dampers are installed above an 
inaccessible hard ceiling. 

3.2 ADJUSTMENT, CALIBRATION, AND TESTING 

A. Description: 

1. Calibrate each instrument installed that is not factory calibrated and provided with 
calibration documentation. 

2. Provide a written description of proposed field procedures and equipment for calibrating 
each type of instrument. Submit procedures before calibration and adjustment. 

3. For each analog instrument, make a three-point test of calibration for both linearity and 
accuracy. 

4. Equipment and procedures used for calibration shall meet instrument manufacturer's 
recommendations. 

5. Provide diagnostic and test equipment for calibration and adjustment. 
6. Field instruments and equipment used to test and calibrate installed instruments shall 

have accuracy at least twice the instrument accuracy being calibrated. For example, an 
installed instrument with an accuracy of 1 percent shall be checked by an instrument with 
an accuracy of 0.5 percent. 
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7. Calibrate each instrument according to instrument instruction manual supplied by 
manufacturer. 

8. If after-calibration-indicated performance cannot be achieved, replace out-of-tolerance 
instruments. 

9. Comply with field-testing requirements and procedures indicated by ASHRAE 
Guideline 11, "Field Testing of HVAC Control Components," in the absence of specific 
requirements, and to supplement requirements indicated. 

3.3 FIELD QUALITY CONTROL 

A. Tests and Inspections: 

1. Operate dampers to verify full range of movement. 
2. Inspect locations of access doors and verify that purpose of access door can be 

performed. 
3. Inspect turning vanes for proper and secure installation. 

END OF SECTION 233300 
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SECTION 233423 – HVAC POWER VENTILATORS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 
1. Ceiling mounted ventilators. 

1.3 PERFORMANCE REQUIREMENTS 

A. Project Altitude:  Base fan-performance ratings on actual Project site elevations. 

B. Operating Limits:  Classify according to AMCA 99. 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, operating 
characteristics, and furnished specialties and accessories.  Also include the following: 

1. Certified fan performance curves with system operating conditions indicated. 
2. Certified fan sound-power ratings. 
3. Motor ratings and electrical characteristics, plus motor and electrical accessories. 
4. Material thickness and finishes, including color charts. 
5. Dampers, including housings, linkages, and operators. 
6. Fan speed controllers. 

B. Shop Drawings:  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. 

2. Wiring Diagrams:  For power, signal, and control wiring. 

C. Coordination Drawings:  Reflected ceiling plans and other details, drawn to scale, on which the 
following items are shown and coordinated with each other, using input from Installers of the 
items involved: 

1. Roof framing and support members relative to duct penetrations. 
2. Ceiling suspension assembly members. 
3. Size and location of initial access modules for acoustical tile. 
4. Ceiling-mounted items including light fixtures, diffusers, grilles, speakers, sprinklers, 

access panels, and special moldings. 
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D. Field quality-control reports. 

E. Operation and Maintenance Data:  For power ventilators to include in emergency, operation, 
and maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 

B. AMCA Compliance:  Fans shall have AMCA-Certified performance ratings and shall bear the 
AMCA-Certified Ratings Seal. 

C. UL Standards:  Power ventilators shall comply with UL 705.  Power ventilators for use for 
restaurant kitchen exhaust shall also comply with UL 762. 

1.6 COORDINATION 

A. Coordinate size and location of structural-steel support members. 

B. Coordinate sizes and locations of concrete bases with actual equipment provided. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1.8 WARRANTY 

A. Manufacturer shall provide, at no additional cost, a standard parts warranty that covers a period 
of two years from substantial completion.  This warrants that all products are free from defects 
in material and workmanship and shall meet the capacities and ratings set forth in the 
equipment manufacturer's catalog and bulletins. 

PART 2 - PRODUCTS 

2.1 CEILING-MOUNTED VENTILATORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following:  

1. Greenheck. 
2. Loren Cook Company. 
3. Penn Barry. 

B. Housing:  Steel, lined with acoustical insulation. 
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C. Fan Wheel:  Polypropylene steel, Centrifugal wheels directly mounted on motor shaft.  Fan 
shrouds, motor, and fan wheel shall be removable for service. 

D. Grille:  Aluminum, louvered grille with flange on intake and thumbscrew attachment to fan 
housing. 

E. Electrical Requirements:  Junction box for electrical connection on housing and receptacle for 
motor plug-in. 

F. Accessories: 

1. Motor Mounted Speed Dial:  Solid-state control to reduce speed from 100 to less than 50 
percent. 

2. Isolation:  Rubber-in-shear vibration isolators. 
3. Integral back-draft damper. 

2.2 MOTORS 

A. Comply with requirements in Division 23 Section "Motors." 

B. Enclosure Type:  Totally enclosed, fan cooled. 

C. ECM Type: Comply with requirements in Division 23 Section "Motors." 

2.3 SOURCE QUALITY CONTROL 

A. Sound-Power Level Ratings:  Comply with AMCA 301, "Methods for Calculating Fan Sound 
Ratings from Laboratory Test Data."  Factory test fans according to AMCA 300, "Reverberant 
Room Method for Sound Testing of Fans."  Label fans with the AMCA-Certified Ratings Seal. 

B. Fan Performance Ratings:  Establish flow rate, pressure, power, air density, speed of rotation, 
and efficiency by factory tests and ratings according to AMCA 210, "Laboratory Methods of 
Testing Fans for Rating." 

2.4 INSTALLATION 

A. Install power ventilators level and plumb. 

B. Ceiling Units:  Suspend units from structure; use steel wire or metal straps. 

C. Support suspended units from structure using threaded steel rods and spring hangers with 
vertical-limit stops having a static deflection of 1 inch. 

D. Install units with clearances for service and maintenance. 

E. Label units according to requirements specified in Division 23 Section "Identification for HVAC 
Piping and Equipment." 
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2.5 CONNECTIONS 

A. Duct installation and connection requirements are specified in other Division 23 Sections.  
Drawings indicate general arrangement of ducts and duct accessories.  Make final duct 
connections with flexible connectors.  Flexible connectors are specified in Division 23 Section 
"Air Duct Accessories." 

B. Install ducts adjacent to power ventilators to allow service and maintenance. 

C. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 

D. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and 
Cables." 

2.6 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

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

B. Tests and Inspections: 

1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that connections to 

ducts and electrical components are complete.  Verify that proper thermal-overload 
protection is installed in motors, starters, and disconnect switches. 

3. Verify that cleaning and adjusting are complete. 
4. 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. 

5. Adjust belt tension. 
6. Adjust damper linkages for proper damper operation. 
7. Verify lubrication for bearings and other moving parts. 
8. Verify that manual and automatic volume control and fire and smoke dampers in 

connected ductwork systems are in fully open position. 
9. Disable automatic temperature-control operators, energize motor and adjust fan to 

indicated rpm, and measure and record motor voltage and amperage. 
10. Shut unit down and reconnect automatic temperature-control operators. 
11. Remove and replace malfunctioning units and retest as specified above. 

C. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 
equipment. 

D. Prepare test and inspection reports. 

2.7 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

B. Adjust belt tension. 
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C. Comply with requirements in Division 23 Section "Testing, Adjusting, and Balancing for HVAC" 
for testing, adjusting, and balancing procedures. 

D. Replace fan and motor pulleys as required to achieve design airflow. 

E. Lubricate bearings. 

END OF SECTION 233423 
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SECTION 235100 - BREECHINGS, CHIMNEYS, AND STACKS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes the following: 
1. Listed Special Gas vents. 

1.3 SUBMITTALS 

A. Product Data:  For the following: 
1. Special gas vents. 

B. Shop Drawings:  For vents, breechings, chimneys, and stacks.  Include plans, elevations, 
sections, details, and attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, methods of field assembly, components, hangers and seismic restraints, and 
location and size of each field connection. 

C. Warranty:  Special warranty specified in this Section. 

1.4 QUALITY ASSURANCE 

A. Source Limitations:  Obtain listed system components through one source from a single 
manufacturer. 

B. Certified Sizing Calculations:  Manufacturer shall certify venting system sizing calculations. 

1.5 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace components of venting system that fail in materials or workmanship within specified 
warranty period.  Failures include, but are not limited to, structural failures caused by expansion 
and contraction. 

1. Warranty Period:  15 years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 LISTED SPECIAL GAS VENTS 

A. Manufacturers:  All boiler venting shall be furnished by the boiler manufacturer. Subject to 
compliance with requirements, provide products by one of the following: 

1. Heat-Fab, Inc. 
2. Metal-Fab, Inc. 
3. Selkirk Inc.; Selkirk Metalbestos and Air Mate. 

B. Description:  Double-wall metal vents tested according to UL 1738 and rated for 480 deg F  
continuously, with positive or negative flue pressure complying with NFPA 211. 

C. Construction:  Inner shell and outer jacket separated by at least a 1-inch airspace. 

D. Inner Shell:  ASTM A 959, Type 29-4C stainless steel. 

E. Outer Jacket:  Stainless steel. 

F. Accessories:  Tees, elbows, increasers, draft-hood connectors, terminations, adjustable roof 
flashings, storm collars, support assemblies, thimbles, firestop spacers, and fasteners; 
fabricated from similar materials and designs as vent-pipe straight sections; all listed for same 
assembly. 

1. Termination:  Stack cap designed to exclude minimum 90 percent of rainfall. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for installation tolerances and 
other conditions affecting performance of work. 

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

3.2 APPLICATION 

A. Listed Special Gas Vent:  Boiler Vents. 

3.3 INSTALLATION OF LISTED VENTS AND CHIMNEYS 

A. Locate to comply with minimum clearances from combustibles and minimum termination heights 
according to product listing or NFPA 211, whichever is most stringent. 

B. Seal between sections of positive-pressure vents and grease exhaust ducts according to 
manufacturer's written installation instructions, using sealants recommended by manufacturer. 
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C. Support vents at intervals recommended by manufacturer to support weight of vents and all 
accessories, without exceeding appliance loading. 

D. Slope breechings down in direction of appliance, with condensate drain connection at lowest 
point piped to nearest drain. 

E. Lap joints in direction of flow. 

F. Connect base section to foundation using anchor lugs of size and number recommended by 
manufacturer. 

G. Join sections with acid-resistant joint cement to provide continuous joint and smooth interior 
finish. 

H. Erect stacks plumb to finished tolerance of no more than 1 inch out of plumb from top to bottom. 

3.4 CLEANING 

A. After completing system installation, including outlet fittings and devices, inspect exposed finish.  
Remove burrs, dirt, and construction debris and repair damaged finishes. 

B. Clean breechings internally, during and after installation, to remove dust and debris.  Clean 
external surfaces to remove welding slag and mill film.  Grind welds smooth and apply touchup 
finish to match factory or shop finish. 

C. Provide temporary closures at ends of breechings, chimneys, and stacks that are not completed 
or connected to equipment. 

END OF SECTION 235100 
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SECTION 235216 – CONDENSING BOILERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes packaged, factory-fabricated and -assembled, gas-fired, fire-tube con-
densing boilers, trim and accessories for generating hot water. 

1.3 SUBMITTALS 

A. Product Data: Include performance data, operating characteristics, furnished specialties and 
accessories. 

1. Prior to flue vent installation, engineered calculations and drawings must be submitted to 
Architect/Engineer to thoroughly demonstrate that size and configuration conform to rec-
ommended size, length and footprint for each submitted boiler. 

B. Efficiency Curves: At a minimum, submit efficiency curves for 100%, 50%, and 7% input firing 
rates at incoming water temperatures ranging from 80°F to 160°F. 

C. Pressure Drop Curve. Submit pressure drop curve for flows ranging from 0 GPM to maximum 
value of boiler 

1. If submitted material is different from that of the design basis, boiler manufacture shall in-
cur all costs associated with reselection of necessary pumps. Possible differences in-
clude, but are not limited to, the pump type, pump pad size, electrical characteristics and 
piping changes. 

D. Shop Drawings: For boilers, boiler trim and accessories, include: 

  Plans, elevations, sections, details and attachments to other work 
  Wiring Diagrams for power, signal and control wiring 

E. Source Quality Control Test Reports: Reports shall be included in submittals. 

F. Field Quality Control Test Reports: Reports shall be included in submittals. 

G. Operation and Maintenance Data: Data to be included in boiler emergency, operation and 
maintenance manuals. 

H. Warranty: Special warranty specified in this Section 
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I. Other Informational Submittals:  

1. ASME Stamp Certification and Report: Submit "A," "S," or "PP" stamp certificate of 
authorization, as required by authorities having jurisdiction, and document hydrostatic 
testing of piping external to boiler. 

1.4 QUALITY ASSURANCE 

A. Electrical Components, Devices and Accessories: Boilers must be 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. I=B=R Performance Compliance: Condensing boilers must be rated in accordance with 
applicable federal testing methods and verified by AHRI as capable of achieving the energy 
efficiency and performance ratings as tested within prescribed tolerances. 

C. ASME Compliance: Condensing boilers must be constructed in accordance with ASME Boiler 
and Pressure Vessel Code, Section IV “Heating Boilers”. 

D. ASHRAE/IESNA 90.1 Compliance: Boilers shall have minimum efficiency according to "Gas 
and Oil Fired Boilers - Minimum Efficiency Requirements." 

E. DOE Compliance: Minimum efficiency shall comply with 10 CFR 430, Subpart B, Appendix N, 
"Uniform Test Method for Measuring the Energy Consumption of Furnaces and Boilers." 

F. UL Compliance: Boilers must be tested for compliance with UL 795, "Commercial-Industrial Gas 
Heating Equipment." Boilers shall be listed and labeled by a testing agency acceptable to 
authorities having jurisdiction. 

G. NOx Emission Standards: When installed and operated in accordance with manufacturer’s 
instructions, condensing boilers shall comply with the NOx emission standards outlined in 
South Coast Air Quality Management District (SCAQMD), Rule 1146.1; and the Texas 
Commission on Environmental Quality (TCEQ), Title 30, Chapter 117, Rule 117.465. 

1.5 COORDINATION 

A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases.  

1.6 WARRANTY 

A. Standard Warranty: Boilers shall include manufacturer's standard form in which manufacturer 
agrees to repair or replace components of boilers that fail in materials or workmanship within 
specified warranty period. 
1. Warranty Period for Fire-Tube Condensing Boilers 

a. The pressure vessel/heat exchanger shall carry a 10-year from substantial comple-
tion, prorated, limited warranty against any failure due to condensate corrosion, 
thermal stress, mechanical defects or workmanship. 

b. Manufacturer labeled control panels are conditionally warranted against failure for (2) 
two years from substantial completion. 
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c. All other components, with the exception of the igniter and flame detector, are condi-
tionally guaranteed against any failure for 2 years from substantial completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Basis-of-Design Product: Subject to compliance with requirements, provide AERCO 
International, Benchmark 2000 or a comparable product by one of the following: 
1. Fulton 
2. Viessmann Manufacturing Co. (US) Inc. 

 
B. Other comparable products by the other manufacturers listed above if submitted other than the 

basis of design product must meet or exceed all performance and capacity criteria of the basis 
of design product.  This will be reviewed in detail by Engineer during the submittal process. 

2.2 CONSTRUCTION 

A. Description: Boiler shall be natural gas fired, fully condensing, fire tube design. Power burner 
shall have full modulation (the minimum firing rate shall not exceed 100,000 BTU/HR input.  
Boilers that have an input greater than 100,000 BTU/Hr at minimum fire will not be considered) 
and discharge into a positive pressure vent.  Boiler efficiency shall increase with decreasing 
load (output), while maintaining setpoint. Boiler shall be factory-fabricated, factory-assembled 
and factory-tested, fire-tube condensing boiler with heat exchanger sealed pressure-tight, built 
on a steel base, including insulated jacket, flue-gas vent, combustion-air intake connections, 
water supply, return and condensate drain connections, and controls. 

B. Heat Exchanger: The heat exchanger shall be constructed of 439 stainless steel fire tubes and 
tubesheets, with a one-pass combustion gas flow design. The fire tubes shall be 5/8” OD, with 
no less than 0.049” wall thickness.  The upper and lower stainless steel tubesheet shall be no 
less than 0.25” thick.  The pressure vessel/heat exchanger shall be welded construction. The 
heat exchanger shall be ASME stamped for a working pressure not less than 150 psig. Access 
to the tubesheets and heat exchanger shall be available by burner and exhaust manifold 
removal.  Minimum access opening shall be no less than 10-inch diameter. 

C. Pressure Vessel: The pressure vessel shall have a maximum water volume of 40 gallons.  The 
boiler water pressure drop shall not exceed 3 psig at 170 gpm.  The boiler water connections 
shall be 4-inch flanged 150-pound, ANSI rated. The pressure vessel shall be constructed of 
SA53 carbon steel, with a 0.25-inch thick wall and 0.50-inch thick upper head. Inspection 
openings in the pressure vessel shall be in accordance with ASME Section IV pressure vessel 
code. The boiler shall be designed so that the thermal efficiency increases as the boiler firing 
rate decreases. 

D. Modulating Air/Fuel Valve and Burner: The boiler burner shall be capable of a 20-to-1 turndown 
ratio of the firing rate without loss of combustion efficiency or staging of gas valves.  The burner 
shall produce less than 20 ppm of NOx corrected to 3% excess oxygen.  The burner shall be 
metal-fiber mesh covering a stainless-steel body with spark ignition and flame rectification. All 
burner material exposed to the combustion zone shall be of stainless-steel construction. There 
shall be no moving parts within the burner itself. A modulating air/fuel valve shall meter the air 
and fuel input. The modulating motor must be linked to both the gas valve body and air valve 
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body with a single linkage. The linkage shall not require any field adjustment. A variable 
frequency drive (VFD), controlled cast aluminum pre-mix blower shall be used to ensure the 
optimum mixing of air and fuel between the air/fuel valve and the burner. 

E.     Minimum boiler efficiencies shall be as follows at a 20 degree delta-T: 

EWT 100% Fire 50% Fire 7% Fire 
160 °F 87% 87% 87% 
140 °F 87% 88% 88% 
120 °F 89% 39% 90% 
100 °F 93% 95% 95% 
80 °F 96% 97% 98% 

F. Exhaust Manifold: The exhaust manifold shall be of corrosion resistant cast aluminum or 316 
stainless steel with an 12-inch diameter flue connection. The exhaust manifold shall have a 
collecting reservoir and a gravity drain for the elimination of condensation. 

G. Blower: The boiler shall include a variable-speed, DC centrifugal fan to operate during the 
burner firing sequence and pre-purge the combustion chamber. 

 1.  Motors: Blower motors shall comply with requirements specified in Division 23 Section  
  "Common Motor Requirements for HVAC Equipment." 

a. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven 
load will not require a motor to operate in the service factor range above 1.0. 

H. Ignition: Ignition shall be via spark ignition with 100 percent main-valve shutoff and electronic 
flame supervision. 

I. The boiler’s manufacturer recommended annual replacement parts shall cost no more than 
$200 to the end customer. 

J. The boiler shall be designed such that the combustion air is drawn from the inside of the boiler 
enclosure, decoupling it from the combustion air supply and preheating the air to increase 
efficiency. 

K. Enclosure: The sheet metal enclosure shall be fully removable, allowing for easy access during 
servicing. 

L.   O2 sensor located in the Combustion Chamber: The boiler shall be equipped with an Oxygen 
sensor. The sensor shall be located in the boiler combustion chamber. Boilers without Oxygen 
sensor or boilers with an Oxygen sensor in the exhaust shall not be acceptable due to 
measurement estimation and performance accuracy. 
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2.3 CONTROLS 

A. The boiler shall have an integrated boiler control that is capable of operating the boiler and 
associated accessories including but not limited to: its pumps, valves and dampers.  
1. The control shall have a 5 inch color touch screen display as well as six function buttons 

that are separate from the display. User shall have the ability to navigate the menus via 
touchscreen or navigation buttons. Controls not equipped with navigation button options 
shall not be permitted. 

2. The control shall be equipped with a multi-color linear LED light to indicate the level of 
firing and/or air/fuel valve position.  

3. The control shall display two temperatures using two dedicated three-digit seven-
segment displays.  

4. The control shall offer an Enable/Disable toggle switch as well as two buttons for Testing 
and Resetting the Low Water Cutoff. 

B. The Manager designated boiler control shall be capable of the following functions without the 
need for additional external controls: 
1. Sequence up to 16 boilers, 
2. Control boiler variable speed or single speed pumps and/or modulating motorized valves,  
3. Operate or modulate a variable or single speed system pump or rotate two system 

pumps, 
4. Control and communicate with up to 6 SmartPlate domestic water heaters and their 

domestic hot water pump, 
5. The control shall connect to other plant boiler controls using RS485 and communicate 

using Modbus protocol.  
6. The control system shall be segregated into three components: “Edge [ii]” Control Panel, 

Power Panel and Input/Output Connection Box. The entire system shall be Underwriters 
Laboratories recognized. 

C. The control panel shall consist of seven individual circuit boards using surface-mount 
technology in a single enclosure. Each board shall be individually field replaceable. These 
circuit boards shall include:  

D. A microcontroller board with integrated 5 inch touchscreen color display providing the user 
interface.  
1. A 7-segment display board. This board includes two 3-digit 7-segment displays. These 

displays shall be used to view a variety of temperature sensor values and operating and 
startup function status.  

2. An Interface board connects the microcontroller board to internal components using 
ribbon cables. 

3. An electric low-water cutoff board connects to the test and manual reset functions on the 
microcontroller board. 

4. A power supply board is designed to provide the different DC voltages to the rest of the 
boards. It also acts as voltage regulator and reduce power noise. 

5. An ignition and combustion board. This board controls the air/fuel valve and Safety 
Shutoff Valve, flame status and ignition transformer  

6. A connector board used to connect all external electrical connection. 

E. Combination plant: The managing boiler control shall be capable of setting and managing a 
combination plant that consist of up to two groups of boilers, their swing boilers and swing 
valves. The control shall be capable of performing all the listed features without the need for any 
additional controls. The use of additional controls to achieve any of these functionalities shall be 
prohibited to simplify installation and plant management. The combination plant control shall 
have the following capabilities: 
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1. The control shall operate one group of boilers for heating and another group of boilers for 
domestic hot water using plate heat exchangers or indirect tanks.  

2. The control shall manage and rotate the lead boiler in each of the two groups 
independent of the other group. 

3. The control shall be capable of managing one or two swing boilers and their motorized 
swing valves to direct the output of the swing boiler(s) to one of the two groups based on 
the plant priority settings. The control shall also connect to the header and return sensors 
for each of the two groups of boilers and use those values to manage the set point for 
each group. 

4. The control shall offer two independent logics that run simultaneously managing each 
group of boilers. Each boiler group logic shall have its temperature values, setpoints, PID 
and feedback parameters that is independent of the other group settings and parameters. 

F. System Pump lead/lag rotation: The control shall be capable of operating two system pumps. It 
shall rotate the lead pump based on user time setting. The use of an external pump lead-lag 
control shall not be permitted unless function is performed by building management system. 

G. Variable Speed Pump: The control shall be capable of modulating a variable speed pump. It 
shall modulate the pump based on the boiler firing rate, the boiler plant firing rate, or based on 
the return header temperature differential from supply water temperature on a primary 
secondary piping application. 

H. Minimum number of boiler plant open valves: The control shall manage the minimum number of 
boiler motorized valves to reduce variable speed pump flow and energy used. The control shall 
offer a setting to control the number of valves open during low load and standby operation. 
Manufacturers without this feature shall offer additional pump controller and a smaller single 
speed pump to run during the low load and standby periods. 

I. Control settings transfer using USB: The control shall simplify and significantly lessen startup 
and boiler setting time by being able to use a USB flash drive to copy settings from one boiler to 
another boiler. Installers shall use successfully preconfigured boiler settings in their portfolio to 
newly installed boilers.  

J. Combustion calibration: The control shall offer at least 5 calibration points. The use of less than 
5 calibration points is not permitted to improve overall system efficiency under all firing rates. 
Each combustion calibration point shall operate with 5 to 7% O2 levels to improve operating 
efficiency. Deviating away from these values shall not be acceptable. 

K. Assisted Combustion Calibration: The control shall offer an assisted combustion calibration 
feature to help reduce setup time and improve setup accuracy. The assisted combustion 
calibration shall adjust the O2 level at each calibration point to help keep O2 level within 
allowable efficiency. The control shall log, date and time stamp the calibrated point combustion 
values of O2 and allow the user to log NOx, CO and flame strength. The control shall check 
these values against manufacturer allowable combustion values and color identify values out of 
manufacturer acceptable ranges. As an additional capability, the control shall also have the 
ability to perform manual combustion calibration.  Not having Assisted Combustion Calibration 
function shall be prohibited. 

L. Valve Balancing: To help simplify installation and as part of a boiler plant, the control shall be 
capable of controlling an electronic modulating motorized valve for each of the boilers using the 
manager boiler control. It shall have a built-in logic to provide a maximum flow using an 
adjustable valve opening percentage point for each boiler. The control shall be capable of 
closing any valve that has an off boiler. If all boilers are off, the control shall keep at minimum 
one valve open to protect pumps. 
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M. Building Automation: The control shall be able to communicate to Building Management 
Systems using BACnet and Modbus without the use of external gateways. The control shall be 
able to communicate over each of the two protocols using IP as well as RS485. The use of 
external gateways is not acceptable. The control shall be able to communicate to the building 
management system using: 
1. BACnet MS/TP and BACnet IP/Ethernet. When communicating over BACnet IP, the 

control shall offer an additional layer of IP security by mapping all control BACnet IP 
communication to the BACnet server’s IP and MAC addresses. Not having this level of 
security shall deem the IP communication insecure and shall not be acceptable. 

2. Modbus RTU and Modbus IP. 

N. Unit and Plant Status: The control shall provide a quick view of the unit status and plant status.  
1. The unit status screen shall provide temperature setpoint, all water inlet and outlet and 

supply air and exhaust temperature sensors’ values. It shall also provide unit current and 
target firing rates. Additional screens shall display unit run hours, cycle count and 
average cycles per hour. 

2. The plant status screens shall provide plant temperature setpoint, plant water supply and 
return temperatures, outdoor temperature and domestic hot water setpoint and current 
temperatures. Additionally, a status screen shall show the boiler status of each plant unit, 
plant firing rate. 

3. Unit and Plant event history: The manager control shall display the last 500 historical 
events per plant or 200 historical events for single unit installations. 

O. Software update: The control shall be capable of field software updates without a need for 
hardware component(s) replacement. This shall be performed either using software on a USB 
flash drive or via Internet connection. The software update mechanism shall be performed by a 
trained technician. The software update menus shall be secured using a password level. After 
the software update, the control shall retain all of its prior field settings. 

P. Copy settings from one boiler to the other: To significantly reduce installation time by reducing 
long repetitive work, the control shall have the capability of saving its settings to a USB flash 
drive. In addition, the control shall have the ability of copying new settings from a flash drive. 

Q. Programmable Inputs and Outputs: The control shall be equipped with multiple relay and analog 
outputs and dry contact and analog inputs. Each shall be field programmable to meet 
installation needs. The following I/O options shall be available: 
1. Relay outputs: There shall be two output relays that are programmable. The following 

relay functions shall be selectable: 
a. Swing Valve 2 
b. System Pump 
c. Summer Pump 
d. Multi-temperature pump 
e. Pump2 
f. Louver 

2. Inputs and interlocks: The following control functions shall be available: 
a. Flow input 
b. Damper end switch input 
c. Louver end switch input 

3. Analog output: There shall be three analog outputs that are programmable. The control 
shall have configurable analog outputs that can be used as one of the following options:  
a. Boiler pump 
b. Domestic hot water variable speed pump 
c. Valve 
d. Fire rate 
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4. Analog input: There shall be three analog inputs that are programmable. The control shall 
have configurable analog inputs that can be used as one of the following options:  
a. Remote setpoint 
b. Smart Plate valve position 
c. Domestic hot water variable speed pump flow 

R. Backup boiler: The control shall be able to operate a lower efficiency back up boiler during peak 
periods when main plant boilers are at or close to peak load. 

S. Communication with SmartPlate: The control shall be capable of controlling and monitoring one 
or multiple plate heat exchanger(s). It shall be able to: 
1. Change the domestic hot water temperature setpoint and read its current temperatures. 
2. Monitor 3-way valve position. 
3. Control the operation of the domestic hot water pump. 

T. The controls shall annunciate boiler and sensor status and include extensive self-diagnostic 
capabilities. 

U. The control panel shall incorporate:  
1. Setpoint High Limit: Setpoint high limit allows for a selectable maximum boiler outlet 

temperature and acts as temperature limiting governor. Setpoint limit is based on a PID 
function that automatically limits firing rate to maintain outlet temperature within a 0 to 10 
degree selectable band from the desired maximum boiler outlet temperature. 

2. Setpoint Low Limit: Allow for a selectable minimum operating temperature. 
3. Failsafe Mode: Failsafe mode allows the boiler to switch its mode to operate from an 

internal setpoint if its external control signal is lost, rather than shut off. This is a 
selectable mode, enabling the control can to shut off the unit upon loss of external signal, 
if so desired. 

V. The boiler control system shall incorporate the following additional features for enhanced 
external system interface:  
1. System start temperature feature 
2. Pump delay timer 
3. Auxiliary start delay timer 
4. Auxiliary temperature sensor 
5. Analog output feature to enable simple monitoring of temperature setpoint, outlet 

temperature or fire rate 
6. Remote interlock circuit 
7. Delayed interlock circuit 
8. Easy Setup by providing simplified menu quick settings to expedite plant and boiler setup 
9. Delta-T Limiter 
10. Freeze protection 
11. Fault relay for remote fault alarm 
12. Warm-weather shutdown 
13. The control shall offer multi-level user security access using different passwords. For 

additional security, the passwords shall expire if control display was not touched for an 
extended period 30 minutes. 

W. Each boiler shall include an electric, single-seated combination safety shutoff valve/regulator 
with proof of closure switch in its gas train. Each boiler shall incorporate dual over-temperature 
protection with manual reset, in accordance with ASME Section IV and CSD 1.  

X. O2-Trim or AERtrim: Each boiler shall be equipped with the patented AERtrim system, an 
advanced O₂-trim system for condensing boiler applications. The system shall utilize a low cost 
reliable automotive O₂ sensor that measures and monitors the oxygen content of the exhaust 
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gases. The system shall adjust the blower speed to maintain optimal air-fuel ratios in the event 
of any site condition changes (air density, gas pressure, BTU content, etc.). The system shall 
have the following capabilities:  
1. Self-Diagnostics 

a. System Status and Error Messages 
b. When excessive trimming is occurring  
c. When O₂ sensor has fallen out of calibration 

2. Adjustable parameter settings 
a. O₂ target and range to meet site requirements 
b. Schedule daily or weekly self-diagnostics 

3. Output of O₂ information shall be displayed on the Edge [ii] control panel.   
4. The O₂ sensor shall be installed through the unit’s burner plate and measure the oxygen 

content directly within the unit’s combustion chamber.  
5. Boilers without an equivalent O₂ trim will be deemed unacceptable. Due to the moisture 

content of flue gases from condensing boilers, placing the O₂ sensor in the exhaust 
manifold or stack will be deemed unacceptable.  

6. Boilers which require their O2 sensor be changed annually will be deemed unacceptable.    

Y. Each boiler shall be onAER ready with a standard Ethernet port and include a 5 year onAER 
subscription at no additional charge. AERCO’s onAER service grants the user online access to 
real time operation and status of their system plant from any computer, tablet or mobile device 
along with the following capabilities:  
1. Efficiency status and trends 
2. O2 levels 
3. Efficiency and performance optimization tips 
4. Preventative Maintenance alerts and scheduling 
5. Predictive Maintenance algorithms. 
6. Warning and error messages  
7. Weekly or monthly performance and status reports 
8. Manage multiple boiler plants or buildings 
9. Customizable dashboard 
10. Add email contacts for alerts and reports, including local AERCO trained technicians 
11. Manage and store startup, maintenance and service documentation 
12. The boiler manufacturer shall be able to provide a network hub or a network switch to 

connect up 16 boilers to an online network.   

Z. Each boiler shall have integrated Boiler Sequencing Technology (BST), capable of multi-unit 
sequencing with lead-lag functionality and parallel operation.  The system will incorporate the 
following capabilities: 
1. Efficiently sequence 2-to-16 units on the same system to meet load requirement.  
2. Integrated control and wiring for seamless installation of optional modulating motorized 

valve.  When valves are utilized, the system shall operate one motorized valve per unit as 
an element of load sequencing.  Valves shall close with decreased load as units turn off, 
with all valves open under no-load conditions.   

3. Automatically rotate lead/lag amongst the units on the chain and monitor run hours per 
unit and balance load in an effort to equalize run hours among active units. 

4. Option to manually designate lead and last boiler 
5. Designated manager control, used to display and adjust key system parameters. 
6. Automatic bump-less transfer of master function to next unit on the chain in case of 

designated master unit failure; master/slave status shall be shown on the individual unit 
displays. 

AA. For boiler plants greater than 16 units, the Boiler Manufacturer shall supply as part of the boiler 
package a completely integrated AERCO Control System (ACS) to control all operation and 
energy input of the multiple boiler heating plant. The ACS shall be comprised of a 
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microprocessor based control utilizing the MODBUS protocol to communicate with the Boilers 
via the RS-485 port.  One ACS controller shall have the ability to operate up to 32 AERCO 
boilers.  
1. The controller shall have the ability to vary the firing rate and energy input of each 

individual boiler throughout its full modulating range to maximize the condensing 
capability and thermal efficiency output of the entire heating plant.  The ACS shall control 
the boiler outlet header temperature within +2ºF.  The controller shall be a PID type 
controller and uses Ramp Up/Ramp Down control algorithm for accurate temperature 
control with excellent variable load response.  The ACS controller shall provide contact 
closure for auxiliary equipment such as system pumps and combustion air inlet dampers 
based upon outdoor air temperature. 

2. The ACS shall have the following anti-cycling features: 
a. Manual designation of lead boiler and last boiler. 
b. Lead boiler rotation at user-specified time interval. 
c. Delay the firing/shutting down of boilers when header temperature within a 

predefined dead band. 
3. When set on Internal Setpoint Mode, temperature control setpoint on the ACS shall be 

fully field adjustable from 50ºF to 190ºF in operation.  When set on Indoor/Outdoor Reset 
Mode, the ACS will operate on an adjustable inverse ratio in response to outdoor 
temperature to control the main header temperature.  Reset ratio shall be fully field 
adjustable from 0.3 to 3.0 in operation.  When set on 4ma to 20ma Temperature Control 
Mode, the ACS will operate the plant to vary header temperature setpoint linearly as an 
externally applied 4-20 ma signal is supplied.  

4. When set on MODBUS Temperature Control Mode, the ACS will operate the plant to vary 
header temperature setpoint as an external communication utilizing the MODBUS 
protocol is supplied via the RS-232 port. The ACS controller shall have a vacuum 
fluorescent display for monitoring of all sensors and interlocks.  Non-volatile memory 
backup of all control parameters shall be internally provided as standard.  The controller 
will automatically balance the sequence of operating time on each boiler by a first-on first-
off mode and provide for setback and remote alarm contacts.  Connection between 
central ACS system and individual boilers shall be twisted pair low voltage wiring, with 
the boilers ‘daisy-chained’ for ease of installation. 

2.4 ELECTRICAL POWER 

A. Controllers, Electrical Devices and Wiring: Electrical devices and connections are specified in 
Division 26 sections. 

B. Single-Point Field Power Connection: Factory-installed and factory-wired switches, motor 
controllers, transformers and other electrical devices shall provide a single-point field power 
connection to the boiler.  

2.5 VENTING  

A. The exhaust vent must be UL Listed for use with Category IV appliances and compatible with 
operating temperatures up to 230°F, condensing flue gas service. UL-listed vents of Al 29-4C 
stainless steel must be used with boilers as specified in Division 23 “Breechings, Chimneys and 
Stacks.” 

B. The minimum exhaust vent duct size for each boiler is 8-inch diameter. 

C. Combustion-Air Intake: Boilers shall be capable of drawing combustion air from the outdoors 
via a Schedule 40 PVC duct connected between the boiler and the outdoors.  
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D. The minimum sealed combustion air duct size for each boiler is 8-inch diameter. 

E. Follow guidelines specified in manufacturer’s venting guide. 

2.6 SOURCE QUALITY CONTROL 

A. Burner and Hydrostatic Test: Factory adjust burner to eliminate excess oxygen, carbon dioxide, 
oxides of nitrogen emissions and carbon monoxide in flue gas, and to achieve combustion 
efficiency. Perform hydrostatic testing. 

B. Test and inspect factory-assembled boilers, before shipping, according to ASME Boiler and 
Pressure Vessel Code. 

1. If boilers are not factory assembled and fire-tested, the local vendor is responsible for all 
field assembly and testing. 

C. Allow Owner access to source quality-control testing of boilers. Notify Architect fourteen days in 
advance of testing. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Before boiler installation examine roughing-in for concrete equipment bases, anchor-bolt sizes 
and locations and piping and electrical connections to verify actual locations, sizes and other 
conditions affecting boiler performance, maintenance and operations. 

1. Final boiler locations indicated on Drawings are approximate. Determine exact locations 
before roughing-in for piping and electrical connections. 

B. Examine mechanical spaces for suitable conditions where boilers will be installed. 

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

3.2 BOILER INSTALLATION 

A. Install boilers level on concrete bases. Concrete base is specified in Division 23 Section 
"Common Work Results for HVAC."  

B. Install gas-fired boilers according to NFPA 54. 

C. Assemble and install boiler trim. 

D. Install electrical devices furnished with boiler but not specified to be factory mounted. 

E. Install control wiring to field-mounted electrical devices. 
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3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 sections. Drawings indicate 
general arrangement of piping, fittings and specialties. 

B. Install piping adjacent to boiler to permit service and maintenance. 

C. Install piping from equipment drain connection to nearest floor drain. Piping shall be at least full 
size of connection. Provide an isolation valve if required. 

D. Connect gas piping to boiler gas-train inlet with unions. Piping shall be at least full size of gas 
train connection. Provide a reducer if required. 

E. Connect hot-water piping to supply and return boiler tappings with shutoff valve and union or 
flange at each connection. 

F. Install piping from safety relief valves to nearest floor drain. 

G. Boiler Venting 

1. Install flue venting kit and combustion-air intake. 
2. Connect venting full size to boiler connections. Comply with requirements in Division 23 

Section "Breechings, Chimneys and Stacks." 

H. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 

I. Connect wiring according to Division 26 Section "Electrical Power Conductors and Cables." 

3.4 CONCRETE BASES 

A. Install concrete bases of dimensions indicated and/or required for boilers.   

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise 
indicated, install dowel rods on 18-inch 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. 

3.5 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service: Engage a factory-authorized and factory-employed service 
representative to inspect components, assemblies and equipment installations, including 
connections, and to assist in testing. 

B. Tests and Inspections 

1. Perform installation and startup checks according to manufacturer's written instructions. 



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 
 

 
DIVISION 23   CONDENSING BOILERS  235216 – 13 of 14 
Permitting and Bidding   

2. Perform hydrostatic test. Repair leaks and retest until no leaks exist. 

3. Start units to confirm proper motor rotation and unit operation. Adjust air-fuel ratio and 
combustion. 

4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 
equipment. 

a. Check and adjust initial operating set points and high- and low-limit safety set points 
of fuel supply, water level and water temperature. 

b. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

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

D. Occupancy Adjustments: When requested within 2 months of date of Substantial Completion, 
provide on-site assistance adjusting system to suit actual occupied conditions. Provide up to 
two visits to Project during other than normal occupancy hours for this purpose. 

E. Performance Tests: 

The boiler manufacturer is expected to provide partial load thermal efficiency curves. These 
thermal efficiency curves must include at least three separate curves at various BTU input 
levels. If these curves are not available, it is the responsibility of the boiler manufacturer to 
complete the following performance tests: 

 
1. Engage a factory-authorized and factory-employed service representative to inspect 

component assemblies and equipment installations, including connections, and to con-
duct performance testing. 

2. Boilers shall comply with performance requirements indicated, as determined by field per-
formance tests. Adjust, modify, or replace equipment to comply. 

3. Perform field performance tests to determine capacity and efficiency of boilers. 

a. Test for full capacity. 

b. Test for boiler efficiency at [low fire 20, 40, 60, 80, 100, 80, 60, 40 and 20] percent of 
full capacity. Determine efficiency at each test point. 

4. Repeat tests until results comply with requirements indicated. 
5. Provide analysis equipment required to determine performance. 
6. Provide temporary equipment and system modifications necessary to dissipate the heat 

produced during tests if building systems are not adequate. 
7. Notify Architect in advance of test dates. 
8. Document test results in a report and submit to Architect. 

 
3.5  DEMONSTRATION 

 
A. Engage a factory-authorized service representative to train Owner's maintenance personnel 

to  
adjust, operate, and maintain boilers at time of start-up.   
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3.6 START-UP AND SUPERVISION: 
 

A. The boiler management panel/system and boilers as here-in-before described shall be supplied 
and installed under the continuous supervision of a qualified specialist regularly employed in 
this capacity by the manufacturer factory representative.  The contractor shall allow in his bid 
not less than two (2) days per boiler of service time for inspection during construction, start-up 
time, programming and testing by the manufacturer's authorized service representative.  Due to 
safety of operation only the local factory authorized manufacturer shall start up the boiler.  

 
3.7 CONTROL WIRING: 
 
 The contractor shall provide and install all control wiring from the central control center to the field 

components as required.  All wiring shall be in accordance with local and national electrical 
codes. All wiring shall be in aluminum conduit.     

 
3.8 MECHANICAL WORK: 
 
 Any mechanical or piping work required to accomplish installation of field devices shall be 

provided by the contractor as a requirement of this contract.  All work shall be accomplished in 
accordance with local codes and requirements and executed by individuals certified to perform 
the work. 

 
3.9 POWER WIRING: 
 
 All power wiring required to complete the installation and provide for a fully operational system 

shall be provided by the EC for this project.   All work shall be accomplished in accordance with 
local codes and requirements and executed by individuals certified to perform the work. 

END OF SECTION 235216 
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SECTION 235218 – WALL MOUNTED CONDENSING BOILERS 

PART 1 – GENERAL 

1.1 RELATED DOCUMENTS  

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

1.2 SUMMARY 

A. Packaged, modulating, sealed combustion, power-vented, high efficiency gas-fired boiler(s) 
with stainless steel fire-tube heat exchangers that use outside air for combustion (direct vent). 

 

B. Furnish and install a combustion management system to regulate, fire, control, and monitor the 
boilers. All hardware, software, sensing and accessory control devices shall be provided as re-
quired to accomplish the Sequence of Operation and Point List included in this section of the 
specification whether or not listed specifically elsewhere in this or other sections of the specifi-
cation. 

 

C. The system shall be designed and fabricated to allow for control of a multiple condensing boil-
ers as part of this project. 

1.3 SUBMITTALS 

A. Product Data: Include performance data, operating characteristics, furnished specialties and 
accessories. 

1. Prior to flue vent installation, engineered calculations and drawings must be submitted to 
Architect/Engineer to thoroughly demonstrate that size and configuration conform to rec-
ommended size, length and footprint for each submitted boiler. 

B. Efficiency Curves: At a minimum, submit efficiency curves for 100%, 50%, and 20% input firing 
rates at incoming water temperatures ranging from 80°F to 160°F. 

C. Pressure Drop Curve. Submit pressure drop curve for flows ranging from 0 GPM to maximum 
value of boiler 

1. If submitted material is different from that of the design basis, boiler manufacture shall in-
cur all costs associated with reselection of necessary pumps. Possible differences in-
clude, but are not limited to, the pump type, pump pad size, electrical characteristics and 
piping changes. 

D. Shop Drawings: For boilers, boiler trim and accessories, include: 

  Plans, elevations, sections, details and attachments to other work 
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  Wiring Diagrams for power, signal and control wiring 

E. Source Quality Control Test Reports: Reports shall be included in submittals. 

F. Field Quality Control Test Reports: Reports shall be included in submittals. 

G. Operation and Maintenance Data: Data to be included in boiler emergency, operation and 
maintenance manuals. 

H. Warranty: Special warranty specified in this Section 

I. Other Informational Submittals:  

1. ASME Stamp Certification and Report: Submit "A," "S," or "PP" stamp certificate of 
authorization, as required by authorities having jurisdiction, and document hydrostatic 
testing of piping external to boiler. 

1.4 QUALITY ASSURANCE 

A. Electrical Components, Devices and Accessories: Boilers must be 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. I=B=R Performance Compliance: Condensing boilers must be rated in accordance with 
applicable federal testing methods and verified by AHRI as capable of achieving the energy 
efficiency and performance ratings as tested within prescribed tolerances. 

C. ASME Compliance: Condensing boilers must be constructed in accordance with ASME Boiler 
and Pressure Vessel Code, Section IV “Heating Boilers”. 

D. ASHRAE/IESNA 90.1 Compliance: Boilers shall have minimum efficiency according to "Gas 
and Oil Fired Boilers - Minimum Efficiency Requirements." 

E. DOE Compliance: Minimum efficiency shall comply with 10 CFR 430, Subpart B, Appendix N, 
"Uniform Test Method for Measuring the Energy Consumption of Furnaces and Boilers." 

F. UL Compliance: Boilers must be tested for compliance with UL 795, "Commercial-Industrial Gas 
Heating Equipment." Boilers shall be listed and labeled by a testing agency acceptable to 
authorities having jurisdiction. 

G. NOx Emission Standards: Boiler(s) shall have an independent laboratory rating of < 20 PPM for 
Oxides of Nitrogen (NOx) to meet the requirements of South Coast Air Quality Management 
District in Southern California and the requirements of Texas Commission on Environmental 
Quality.   

1.5 COORDINATION 

A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases.  



 Boiler Project at Bozorth Hall and Hawthorn Hall  
Rowan University PROJECT MANUAL  Schiller and Hersh Associates, Inc. 
Rowan Project No. 77267 Volume 1 Project No. 2566A 
 

 
DIVISION 23   WALL MOUNTED CONDENSING BOILERS  235218 – 3 of 7 
Permitting and Bidding    

1.6 WARRANTY 

A. Standard Warranty: Boilers shall include manufacturer's standard form in which manufacturer 
agrees to repair or replace components of boilers that fail in materials or workmanship within 
specified warranty period. 
1. Warranty Period for Fire Tube Condensing Boilers 

The pressure vessel/heat exchanger shall carry a 10-years from substantial completion, prorated, limited 
warranty against any failure due to condensate corrosion, thermal stress, mechanical defects or work-
manship. 

All other parts are conditionally warranted against failure for one year from substantial completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 
1. Weil Mclain 
2. Buderus 
3. Aerco 

2.2 CONSTRUCTION 

A. Boiler(s) heat exchanger: 
1. Fire-tube stainless steel heat exchanger. 
2. The boiler must have non-metallic condensate collector to capture condensate from both, 

the vent system and heat exchanger.  
3. Factory Assembled and Tested. 
4. Boiler(s)main components: The combustion chamber will be sealed and located at the 

top which will be of counter flow design to assure that sediment and any lime that might 
form will fall to the bottom away from the crown sheet area. 

5. Boiler(s) shall be supplied with a gas valve designed with negative pressure regulation 
(fan venturi effect "pulls" gas through valve rather than gas pressure “pushing” gas 
through valve).  Negative pressure regulation enables the boiler to operate in a safe 
condition at 3.5” W.C.  inlet gas pressure. The inlet natural gas pressure to the boiler gas 
valve should be a minimum of 3.5” W.C. and a maximum of 14” W.C.  If inlet gas 
pressure exceeds 13” W.C., a 100% lock-up type gas pressure regulator of adequate 
size must be installed in gas supply piping and adjusted to prevent pressure in excess of 
13” W.C. 

6. The burner shall be premix combustion type, made with stainless steel and a woven 
metal fiber outer covering to provide a wide range of modulating firing rates.  

7. The boiler shall be equipped with a variable speed blower system capable of modulating 
the boiler firing rate. 

8. The boiler shall be equipped with a device capable of controlling the air/fuel ratio through 
a 10 to 1 turndown ratio. 

9. The control system shall have an electronic display for boiler set-up, boiler status, and 
boiler diagnostics. 

A. Venting and Combustion Air 
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1. Boiler(s) must be capable of using outside air piped directly to boiler for combustion.  
Inlet and termination of these pipes must be connected to either through-the-roof or 
sidewall terminations as recommended by the manufacturer. 

2. Internal vent pipe must be non-metallic. 
3. The boiler shall be direct vent using Polypropylene for exhaust and PVC fo combustion 

air intake. 
B. Boiler Trim 

1. All electrical components to be of a high quality. 
2. Water boiler(s) controls furnished: 

a. High limit temperature control with manual reset (190 degrees F maximum allowable 
boiler water temperature). 

a. Combination pressure-temperature gauge.  Gauge dial clearly marked and easy to read. 

b. ASME certified pressure relief valve set to relieve at 80 PSIG maximum. 

c. Flue gas, outlet water temperature, and return water temperature sensors. 

d. Low water protection with manual reset. 

e. Built-in freeze protection. 

3. Boiler Control to be UL 353 Listed with: 

a. Built-in MODBUS communication. 

b. 4 circulator contacts. 

c. Auxiliary input/output capability. 

d. Variable temperature zones that require no mixing valves. 

e. 3 thermostat inputs. 

f. Outdoor reset for each priority. 

g. Zone and priority based setup options. 

h. 2 Network and 2 local priorities available on each cascaded boiler. 

i. Flue gas, outlet water temperature, and return water temperature sensors. 

j. LCD display and 5 button interface. 

k. Alarm contact that triggers during manual lockout, flame failure, high temperature limit 
and low water cut off. 

l. Remote modulation capable of interfacing with Building Automation Systems and Multiple 
Boiler Systems. 

m. Ability to control additional heat demand. 
C. Boiler Manuals 

1. The boiler(s) shall be provided with complete instruction manuals, including: 
(a) Boiler Installation Manual. 
(b) User’s Manual. 

2.1 MOTORS 
 

A. Refer to Division 23 Section "Motors" for factory-installed motors. 
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B. Boiler Blower Motor: Blower motor shall be externally mounted for ease of service. There shall 
be no requirement to remove covers or gas train components to remove the blower motor.  

2.2 SOURCE QUALITY CONTROL 
 

A. Test and inspect boilers according to the ASME Boiler and Pressure Vessel Code, Section 
IV. Boilers shall be test fired in the factory with a report attached permanently to the exterior 
cabinet of the boiler for field reference. 

2.3 ELECTRICAL POWER 

B. Controllers, Electrical Devices and Wiring: Electrical devices and connections are specified in 
Division 26 sections. 

C. Single-Point Field Power Connection: Factory-installed and factory-wired switches, motor 
controllers, transformers and other electrical devices shall provide a single-point field power 
connection to the boiler.  

2.4  SOURCE QUALITY CONTROL 

A. Burner and Hydrostatic Test: Factory adjust burner to eliminate excess oxygen, carbon dioxide, 
oxides of nitrogen emissions and carbon monoxide in flue gas, and to achieve combustion 
efficiency. Perform hydrostatic testing. 

B. Test and inspect factory-assembled boilers, before shipping, according to ASME Boiler and 
Pressure Vessel Code. 

1. If boilers are not factory assembled and fire-tested, the local vendor is responsible for all 
field assembly and testing. 

C. Allow Owner access to source quality-control testing of boilers. Notify Architect fourteen days in 
advance of testing. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Before boiler installation examine roughing-in for concrete equipment bases, anchor-bolt sizes 
and locations and piping and electrical connections to verify actual locations, sizes and other 
conditions affecting boiler performance, maintenance and operations. 

1. Final boiler locations indicated on Drawings are approximate. Determine exact locations 
before roughing-in for piping and electrical connections. 

B. Examine mechanical spaces for suitable conditions where boilers will be installed. 

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

3.2 BOILER INSTALLATION 

A. Install boilers level on concrete bases. Concrete base is specified in Division 23 Section 
"Common Work Results for HVAC."  
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B. Install gas-fired boilers according to NFPA 54. 

C. Assemble and install boiler trim. 

D. Install electrical devices furnished with boiler but not specified to be factory mounted. 

E. Install control wiring to field-mounted electrical devices. 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 sections. Drawings indicate 
general arrangement of piping, fittings and specialties. 

B. Install piping adjacent to boiler to permit service and maintenance. 

C. Install piping from equipment drain connection to nearest floor drain. Piping shall be at least full 
size of connection. Provide an isolation valve if required. 

D. Connect gas piping to boiler gas-train inlet with unions. Piping shall be at least full size of gas 
train connection. Provide a reducer if required. 

E. Connect hot-water piping to supply and return boiler tappings with shutoff valve and union or 
flange at each connection. 

F. Install piping from safety relief valves to nearest floor drain. 

G. Boiler Venting 

1. Install flue venting kit and combustion-air intake. 
2. Connect venting full size to boiler connections with Schedule 40 CPVC flue and Schedule 

40 PVC intake piping per contract drawings. 

H. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 

I. Connect wiring according to Division 26 Section "Electrical Power Conductors and Cables." 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service: Engage a factory-authorized and factory-employed service 
representative to inspect components, assemblies and equipment installations, including 
connections, and to assist in testing. 

B. Tests and Inspections: 

1. Perform installation and startup checks according to manufacturer's written instructions. 
2. Leak Test:  Hydrostatic test.  Repair leaks and retest until no leaks exist. 
3. Operational Test: Start units to confirm proper motor rotation and unit operation. Adjust 

air-fuel ratio and combustion. 
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4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls 
and equipment. 

 

a. Check and adjust initial operating set points and high- and low-limit safety set 
points of fuel supply, water level, and water temperature. 

b. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

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

D. On completion of the burner system start up - the installing contractor will complete the "Burner 
Start Up Information and Test Data" form and "Control Settings" form (both attached) and 
deliver to the Specifying Engineer. 

3.5  DEMONSTRATION 
 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel 
to  
adjust, operate, and maintain boilers.   

3.6 CONTROL WIRING: 
 

A. The contractor shall provide and install all control wiring from the central control center to the 
field components as required.  All wiring shall be in accordance with local and national elec-
trical codes. All wiring shall be in aluminum conduit.     

3.8 MECHANICAL WORK: 
 

A. Any mechanical or piping work required to accomplish installation of field devices shall be 
provided by the contractor as a requirement of this contract.  All work shall be accomplished 
in accordance with local codes and requirements and executed by individuals certified to per-
form the work. 

3.9 POWER WIRING: 
A. All power wiring required to complete the installation and provide for a fully operational sys-

tem shall be provided by the EC for this project.   All work shall be accomplished in accord-
ance with local codes and requirements and executed by individuals certified to perform the 
work. 

END OF SECTION 235216 
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SECTION 238239 – UNIT HEATERS 

PART 1 - GENERAL  

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Propeller unit heaters with hot-water coils. 
2. Wall heaters with propeller fans and electric-resistance heating coils. 

1.3 DEFINITIONS 

A. BAS:  Building automation system. 

B. CWP:  Cold working pressure. 

C. PTFE:  Polytetrafluoroethylene plastic. 

D. TFE:  Tetrafluoroethylene plastic. 

1.4 SUBMITTALS 

A. Product Data:  Include rated capacities, operating characteristics, furnished specialties, and 
accessories for each product indicated. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of each field 
connection. 

1. 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 piping valves and specialties. 
6. Location and arrangement of integral controls. 
7. Wiring Diagrams:  Power, signal, and control wiring. 

C. Field quality-control test reports. 

D. Operation and Maintenance Data:  For unit heaters to include in emergency, operation, and 
maintenance manuals. 
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1.5 QUALITY ASSURANCE 

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

B. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 5 - "Systems 
and Equipment" and Section 7 - "Construction and Startup." 

C. ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, Section 6 
- "Heating, Ventilating, and Air-Conditioning." 

PART 2 - PRODUCTS 

2.1 HOT WATER PROPELLER UNIT HEATERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Reznor. 
2. Sigma 
3. Rittling. 

B. Description:  An assembly including casing, coil, fan, and motor in horizontal discharge 
configuration with adjustable discharge louvers. 

C. Comply with UL 2021. 

D. Comply with UL 823. 

E. Cabinet:  Removable panels for maintenance access to controls. 

F. Cabinet Finish:  Manufacturer's standard baked enamel applied to factory-assembled and -
tested propeller unit heater before shipping. 

G. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in 
ASHRAE 62.1-2004. 

H. Discharge Louver:  Adjustable fin diffuser for horizontal units and conical diffuser for vertical 
units. 

I. General Coil Requirements:  Test and rate hot-water propeller unit heater coils according to 
ASHRAE 33. 

J. Hot-Water Coil:  Copper tube, minimum 0.025-inch wall thickness, with mechanically bonded 
aluminum fins spaced no closer than 0.1 inch and rated for a minimum working pressure of 200 
psig and a maximum entering-water temperature of 325 deg F, with manual air vent.  Test for 
leaks to 350 psig underwater. 

K. Fan:  Propeller type with aluminum wheel directly mounted on motor shaft in the fan venturi. 
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L. Fan Motors:  Comply with requirements in Division 23 Section "Common Motor Requirements 
for HVAC Equipment." 

1. Motor Type:  Permanently lubricated. 

M. Control devices and operational sequences are specified in Division 23 Sections 
"Instrumentation and Control for HVAC" and "Sequence of Operations for HVAC Controls."  
Refer to these sections for additional requirements for unit manufacturer provided controls and 
ATC contractor provided controls. 

2.2 WALL HEATERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

1. Berko Electric Heating; a division of Marley Engineered Products. 
2. Chromalox, Inc.; a division of Emerson Electric Company. 
3. Marley Electric Heating; a division of Marley Engineered Products. 
4. QMark Electric Heating; a division of Marley Engineered Products. 

B. Description:  An assembly including chassis, electric heating coil, fan, motor, and controls.  
Comply with UL 2021. 

C. Cabinet: 

1. Front Panel:  Stamped-steel louver, with removable panels fastened with tamperproof 
fasteners, and tamperproof thermostat. 

2. 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. 

3. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 
requirements in ASHRAE 62.1. 

D. Surface-Mounting Cabinet Enclosure:  Steel with finish to match cabinet. 

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. 

1. Motor:  Permanently lubricated, multispeed.  Comply with requirements in Division 23 
Section "Common Motor Requirements for HVAC Equipment." 

G. Controls:  Unit-mounted tamper resistant thermostat. 

H. Electrical Connection:  Factory wire motors and controls for a single field connection with 
disconnect switch. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas to receive unit heaters for compliance with requirements for installation 
tolerances and other conditions affecting performance. 

B. Examine roughing-in for piping and electrical connections to verify actual locations before unit 
heater installation. 

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

3.2 INSTALLATION 

A. Install wall boxes in finished wall assembly; seal and weatherproof.  Joint-sealant materials and 
applications are specified in Division 07 Section "Joint Sealants." 

B. Install propeller unit heaters level and plumb. 

C. Suspend propeller unit heaters from structure with all-thread hanger rods and spring hangers 
with vertical-limit stop.  Hanger rods and attachments to structure are specified in Division 23 
Section "Hangers and Supports for HVAC Piping and Equipment."  

D. 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. 

E. Suspend propeller unit heaters from structure with all-thread hanger rods and spring hangers 
with vertical-limit stop.  Hanger rods and attachments to structure are specified in Division 23 
Section "Hangers and Supports for HVAC Piping and Equipment." Vibration hangers are 
specified in Division 23 Section "Vibration and Controls for HVAC Piping and Equipment." 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to machine to allow service and maintenance. 

C. Connect piping to cabinet unit heater's factory, hot-water piping package.  Install the piping 
package if shipped loose. 

D. Comply with safety requirements in UL 1995. 

E. Unless otherwise indicated, install union and gate or ball valve on supply-water connection and 
union and calibrated balancing valve on return-water connection of unit heater.  Hydronic 
specialties are specified in Division 23 Section "Hydronic Piping." 

F. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 
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G. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and 
Cables." 

3.4 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. 

B. 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. 

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

3.5 ADJUSTING 

A. Adjust initial temperature set points. 

B. Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, 
provide on-site assistance in adjusting system to suit actual occupied conditions.  Provide up to 
two visits to Project during other-than-normal occupancy hours for this purpose. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain cabinet unit heaters.  Refer to Division 01 Section "Demonstration 
and Training." 

END OF SECTION 238239 




