
Table of Contents Generated by SpecBuilder: 10/26/2023 

Division 
 

Section Title 
 

Pages 
 

 
DIVISION 03 

 

- 

 

CONCRETE 

 

03 20 00 
 

CONCRETE REINFORCING 
 

  3 
 

03 30 00 
 

CAST-IN-PLACE CONCRETE 
 

  7 
 

DIVISION 04 

 

- 

 

MASONRY 

 

04 20 00 
 

UNIT MASONRY 
 

  8 
 

DIVISION 07 

 

- 

 

THERMAL AND MOISTURE PROTECTION 

 

07 13 26 
 

SELF-ADHERING SHEET WATERPROOFING 
 

  7 
 

DIVISION 22 

 

- 

 

PLUMBING 

 

22 14 14 
 

STORM DRAINAGE PIPING 
 

  3 
 

DIVISION 23 

 

- 

 

HEATING VENTILATING AND AIR CONDITIONING (HVAC) 

 

23 05 17 
 

SLEEVES AND SLEEVE SEALS FOR HVAC PIPING 
 

  2 
 

23 05 19 
 

METERS AND GAGES FOR HVAC PIPING 
 

  4 
 

23 05 23.12 
 

BALL VALVES FOR HVAC PIPING 
 

  3 
 

23 05 29 
 

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 
 

  4 
 

23 05 53 
 

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 
 

  3 
 

23 05 93 
 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 
 

  7 
 

23 07 19 
 

HVAC PIPING INSULATION 
 

  7 
 

23 21 13 
 

HYDRONIC PIPING 
 

  5 
 

23 21 13.13 
 

UNDERGROUND HYDRONIC PIPING 
 

  4 
 

23 21 16 
 

HYDRONIC PIPING SPECIALTIES 
 

  3 
 

23 21 23 
 

HYDRONIC PUMPS 
 

  4 
 

23 57 00 
 

HEAT EXCHANGERS FOR HVAC 
 

  4 
 

23 83 16 
 

RADIANT-HEATING HYDRONIC PIPING 
 

  4 
 

DIVISION 26 

 

- 

 

ELECTRICAL 

 

26 05 19 
 

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 
 

  4 
 

26 05 26 
 

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 
 

  5 
 

26 05 29 HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS   4 



   
26 05 33 
 

RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 
 

 13 
 

26 05 43 
 

UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL 
SYSTEMS 

 

 12 
 

26 05 53 
 

IDENTIFICATION FOR ELECTRICAL SYSTEMS 
 

  4 
 

26 28 16 
 

ENCLOSED SWITCHES AND CIRCUIT BREAKERS 
 

  5 
 

26 29 23 
 

VARIABLE-FREQUENCY MOTOR CONTROLLERS 
 

  8 
 

26 56 19 
 

LED EXTERIOR LIGHTING 
 

  7 
 

DIVISION 31 

 

- 

 

EARTHWORK 

 

31 10 00 
 

SITE CLEARING 
 

  4 
 

31 23 00 
 

EXCAVATION AND FILL 
 

 11 
 

31 23 33 
 

TRENCHING AND BACKFILLING 
 

 12 
 

DIVISION 32 

 

- 

 

EXTERIOR IMPROVEMENTS 

 

32 11 00 
 

SECTION 32 11 00 – BASE COURSES 
 

  5 
 

32 12 16 
 

ASPHALT PAVING 
 

  6 
 

32 13 13 
 

CONCRETE PAVING 
 

  6 
 

32 17 23 
 

PAVEMENT MARKINGS 
 

  1 
 

DIVISION 33 

 

- 

 

UTILITIES 

 

33 42 00 
 

STORMWATER CONVEYANCE 
 

  8 
 

 
 
 
 
 
 
 
 
 
 
 

END OF TABLE OF CONTENTS 
 

wuori
Text Box
LANDSCAPE 

wuori
Text Box
Landscape PlantingsShredded Hardwood Bark and Stone Mulch 3" DepthTree GateWatering and Cultivation, Modified for Trees and Planting Beds



       
S

T
R

U
C

T
U

R
A

L
 S

P
E

C
S

 





   
 

Northwood University  
Northwoods University Morey Plaza 
OHM PROJECT # 5076-23-0010 

CONCRETE REINFORCING 
03 20 00 - Page 1 of 2 

Issued for Review: 10/26/2023 
 

Copyright © 2023 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International Treaties. 
It was created by "OHM Advisors" for "Northwoods University Morey Plaza".  A valid, current MasterSpec license is required for editing and use of this document for 
any other project.(23956) 

SECTION 03 20 00 - CONCRETE REINFORCING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Steel reinforcement bars. 
2. Welded-wire reinforcement. 

1.2 ACTION SUBMITTALS 

A. Product Data: For the following: 
1. Each type of steel reinforcement. 

1.3 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 
1. Reinforcement To Be Welded: Welding procedure specification in accordance with 

AWS D1.4/D1.4M. 

1.4 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel in accordance with AWS D1.4/D 1.4M. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Steel Reinforcement: Deliver, store, and handle steel reinforcement to prevent bending and 
damage. 
1. Store reinforcement to avoid contact with earth. 

PART 2 - PRODUCTS 

2.1 STEEL REINFORCEMENT 

A. Reinforcing Bars: ASTM A615/A615M, Grade 60, deformed. 

B. Plain-Steel Welded-Wire Reinforcement: ASTM A1064/A1064M, plain, fabricated from as-drawn 
steel wire into flat sheets. 

2.2 FABRICATING REINFORCEMENT 

A. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice." 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean reinforcement of loose rust and mill scale, earth, ice, and other foreign materials that reduce 
bond to concrete. 

3.2 INSTALLATION OF STEEL REINFORCEMENT 

A. Comply with CRSI's "Manual of Standard Practice" for placing and supporting reinforcement. 
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B. Accurately position, support, and secure reinforcement against displacement. 
1. Locate and support reinforcement with bar supports to maintain minimum concrete cover. 
2. Do not tack weld crossing reinforcing bars. 

C. Preserve clearance between bars of not less than 1 inch, not less than one bar diameter, or not 
less than 1-1/3 times size of large aggregate, whichever is greater. 

D. Provide concrete coverage in accordance with ACI 318. 

E. Set wire ties with ends directed into concrete, not toward exposed concrete surfaces. 

F. Splices: Lap splices as indicated on Drawings. 
1. Bars indicated to be continuous, and all vertical bars to be lapped not less than 36 bar 

diameters at splices, or 24 inches, whichever is greater. 
2. Stagger splices in accordance with ACI 318. 
3. Weld reinforcing bars in accordance with AWS D1.4/D 1.4M, where indicated on Drawings. 

G. Install welded-wire reinforcement in longest practicable lengths. 
1. Support welded-wire reinforcement in accordance with CRSI "Manual of Standard 

Practice." 
a. For reinforcement less than W4.0 or D4.0, continuous support spacing to not exceed 

12 inches. 
2. Lap edges and ends of adjoining sheets at least one wire spacing plus 2 inches for plain 

wire and 8 inches for deformed wire. 
3. Offset laps of adjoining sheet widths to prevent continuous laps in either direction. 
4. Lace overlaps with wire. 

3.3 JOINTS 

A. Construction Joints: Install so strength and appearance of concrete are not impaired, at locations 
indicated or as approved by Architect. 
1. Place joints perpendicular to main reinforcement. 
2. Continue reinforcement across construction joints unless otherwise indicated. 
3. Do not continue reinforcement through sides of strip placements of floors and slabs. 

B. Doweled Joints: Install dowel bars and support assemblies at joints where indicated. Lubricate or 
asphalt coat one-half of dowel length, to prevent concrete bonding to one side of joint. 

3.4 INSTALLATION TOLERANCES 

A. Comply with ACI 117. 

END OF SECTION 03 20 00 
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SECTION 03 30 00 - CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Cast-in-place concrete, including concrete materials, mixture design, placement 

procedures, and finishes. 

B. Related Requirements: 
1. Section 03 20 00 "Concrete Reinforcing" for steel reinforcing bars and welded-wire 

reinforcement. 

1.2 DEFINITIONS 

A. Cementitious Materials: Portland cement alone or in combination with one or more of the 
following: blended hydraulic cement, fly ash, slag cement, other pozzolans, and silica fume; 
materials subject to compliance with requirements. 

B. Water/Cement Ratio (w/cm): The ratio by weight of water to cementitious materials. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each of the following. 
1. Portland cement. 
2. Fly ash. 
3. Slag cement. 
4. Silica fume. 
5. Aggregates. 
6. Admixtures: 

a. Include limitations of use, including restrictions on cementitious materials, 
supplementary cementitious materials, air entrainment, aggregates, temperature at 
time of concrete placement, relative humidity at time of concrete placement, curing 
conditions, and use of other admixtures. 

7. Curing materials. 
a. Include documentation from color pigment manufacturer, indicating that proposed 

methods of curing are recommended by color pigment manufacturer. 
8. Joint fillers. 

B. Design Mixtures: For each concrete mixture, include the following: 
1. Mixture identification. 
2. Minimum 28-day compressive strength. 
3. Durability exposure class. 
4. Maximum w/cm. 
5. Slump limit. 
6. Air content. 
7. Nominal maximum aggregate size. 
8. Indicate amounts of mixing water to be withheld for later addition at Project site if permitted. 
9. Intended placement method. 
10. Submit alternate design mixtures when characteristics of materials, Project conditions, 

weather, test results, or other circumstances warrant adjustments. 
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1.4 INFORMATIONAL SUBMITTALS 

A. Material Test Reports: For the following, from a qualified testing agency: 
1. Portland cement. 
2. Fly ash. 
3. Slag cement. 
4. Silica fume. 
5. Aggregates. 
6. Admixtures: 

B. Field quality-control reports. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Comply with ASTM C94/C94M and ACI 301. 

1.6 FIELD CONDITIONS 

A. Cold-Weather Placement: Comply with ACI 301 and ACI 306.1 and as follows. 
1. Protect concrete work from physical damage or reduced strength that could be caused by 

frost, freezing actions, or low temperatures. 
2. When average high and low temperature is expected to fall below 40 deg F for three 

successive days, maintain delivered concrete mixture temperature within the temperature 
range required by ACI 301. 

3. Do not use frozen materials or materials containing ice or snow. 
4. Do not place concrete in contact with surfaces less than 35 deg F, other than reinforcing 

steel. 
5. Do not use calcium chloride, salt, or other materials containing antifreeze agents or 

chemical accelerators unless otherwise specified and approved in mixture designs. 

B. Hot-Weather Placement: Comply with ACI 301 and ACI 305.1, and as follows: 
1. Maintain concrete temperature at time of discharge to not exceed 95 deg F. 
2. Fog-spray forms, steel reinforcement, and subgrade just before placing concrete. Keep 

subgrade uniformly moist without standing water, soft spots, or dry areas. 

PART 2 - PRODUCTS 

2.1 CONCRETE, GENERAL 

A. ACI Publications: Comply with ACI 301 unless modified by requirements in the Contract 
Documents. 

2.2 CONCRETE MATERIALS 

A. Cementitious Materials: 
1. Portland Cement: ASTM C150/C150M, Type I/II , gray . 
2. Fly Ash: ASTM C618, Class C or F. 
3. Slag Cement: ASTM C989/C989M, Grade 100 or 120. 
4. Blended Hydraulic Cement: ASTM C595/C595M, Type IS or IL, Portland blast-furnace slag 

cement. 
5. Silica Fume: ASTM C1240 amorphous silica. 

B. Normal-Weight Aggregates: ASTM C33/C33M, Class 3S coarse aggregate or better, graded. 
Provide aggregates from a single source. 
1. Alkali-Silica Reaction: Comply with one of the following: 
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a. Expansion Result of Aggregate: Not more than 0.04 percent at one-year when tested 
in accordance with ASTM C1293. 

b. Expansion Results of Aggregate and Cementitious Materials in Combination: Not 
more than 0.10 percent at an age of 16 days when tested in accordance with ASTM 
C1567. 

c. Alkali Content in Concrete: Not more than 4 lb./cu. yd. for moderately reactive 
aggregate or 3 lb./cu. yd. for highly reactive aggregate, when tested in accordance 
with ASTM C1293 and categorized in accordance with ASTM C1778, based on alkali 
content being calculated in accordance with ACI 301. 

2. Maximum Coarse-Aggregate Size: 1 inch nominal. 
3. Fine Aggregate: Free of materials with deleterious reactivity to alkali in cement. 

C. Air-Entraining Admixture: ASTM C260/C260M. 

D. Chemical Admixtures: Certified by manufacturer to be compatible with other admixtures that do 
not contribute water-soluble chloride ions exceeding those permitted in hardened concrete. Do 
not use calcium chloride or admixtures containing calcium chloride in steel-reinforced concrete. 
1. Water-Reducing Admixture: ASTM C494/C494M, Type A. 
2. Water-Reducing and -Retarding Admixture: ASTM C494/C494M, Type D. 

E. Water and Water Used to Make Ice: ASTM C94/C94M, potable  

2.3 CURING MATERIALS 

A. Water: Potable or complying with ASTM C1602/C1602M. 

B. Clear, Waterborne, Membrane-Forming, Dissipating Curing Compound: ASTM C309, Type 1, 
Class B. 

C. Clear, Waterborne, Membrane-Forming, Curing Compound: ASTM C309, Type 1, Class B, 18 to 
25 percent solids, nondissipating. 

2.4 CONCRETE MIXTURES, GENERAL 

A. Prepare design mixtures for each type and strength of concrete, proportioned on the basis of 
laboratory trial mixture or field test data, or both, in accordance with ACI 301. 
1. Use a qualified testing agency for preparing and reporting proposed mixture designs, 

based on laboratory trial mixtures. 

B. Cementitious Materials: Limit percentage, by weight, of cementitious materials other than portland 
cement in concrete as follows: 
1. Fly Ash or Other Pozzolans: 25 percent by mass. 
2. Slag Cement: 50 percent by mass. 
3. Silica Fume: 10 percent by mass. 
4. Total of Fly Ash or Other Pozzolans, Slag Cement, and Silica Fume: 50 percent by mass, 

with fly ash or pozzolans not exceeding 25 percent by mass and silica fume not exceeding 
10 percent by mass. 

5. Total of Fly Ash or Other Pozzolans and Silica Fume: 35 percent by mass with fly ash or 
pozzolans not exceeding 25 percent by mass and silica fume not exceeding 10 percent by 
mass. 

C. Admixtures: Use admixtures in accordance with manufacturer's written instructions. 
1. Use water-reducing admixture in concrete, as required, for placement and workability. 
2. Use water-reducing and -retarding admixture when required by high temperatures, low 

humidity, or other adverse placement conditions. 
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2.5 CONCRETE MIXTURES 

A. Class A : Normal-weight concrete used for footings, grade beams, and tie beams. 
1. Exposure Class: ACI 318 F1 . 
2. Minimum Compressive Strength:  4000 psi at 28 days. 
3. Maximum w/cm: 0.50 . 
4. Slump Limit: 4 inches , plus or minus 1 inch . 
5. Air Content: 

a. Exposure Class F1: 4.5 percent, plus or minus 1.5 percent at point of delivery for 
concrete containing 1-inch nominal maximum aggregate size . 

B. Class B : Normal-weight concrete used for foundation walls and retaining walls. 
1. Exposure Class: ACI 318 F2 . 
2. Minimum Compressive Strength: 4500 psi at 28 days. 
3. Maximum w/cm: 0.45 . 
4. Slump Limit: 4 inches , plus or minus 1 inch . 
5. Air Content: 

a. Exposure Classes F2: 6 percent, plus or minus 1.5 percent at point of delivery for 
concrete containing 1-inch nominal maximum aggregate size . 

2.6 CONCRETE MIXING 

A. Ready-Mixed Concrete: Measure, batch, mix, and deliver concrete in accordance with ASTM 
C94/C94M and ASTM C1116/C1116M, and furnish batch ticket information. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verification of Conditions: 
1. Before placing concrete, verify that installation of concrete forms, accessories, and 

reinforcement, and embedded items is complete and that required inspections have been 
performed. 

2. Do not proceed until unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Provide reasonable auxiliary services to accommodate field testing and inspections, acceptable 
to testing agency, including the following: 
1. Daily access to the Work. 
2. Incidental labor and facilities necessary to facilitate tests and inspections. 
3. Secure space for storage, initial curing, and field curing of test samples, including source 

of water and continuous electrical power at Project site during site curing period for test 
samples. 

4. Security and protection for test samples and for testing and inspection equipment at Project 
site. 

3.3 INSTALLATION OF EMBEDDED ITEMS 

A. Place and secure anchorage devices and other embedded items required for adjoining Work that 
is attached to or supported by cast-in-place concrete. 
1. Use setting drawings, templates, diagrams, instructions, and directions furnished with 

items to be embedded. 
2. Install anchor rods, accurately located, to elevations required and complying with 

tolerances in Section 7.5 of ANSI/AISC 303. 
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3. Install reglets to receive waterproofing and to receive through-wall flashings in outer face 
of concrete frame at exterior walls, where flashing is shown at lintels, shelf angles, and 
other conditions. 

3.4 JOINTS 

A. Construct joints true to line, with faces perpendicular to surface plane of concrete. 

B. Construction Joints: Coordinate with floor slab pattern and concrete placement sequence. 
1. Install so strength and appearance of concrete are not impaired.  Locations shall be subject 

to approval of the Engineer. 
2. Place joints perpendicular to main reinforcement. 

a. Continue reinforcement across construction joints unless otherwise indicated. 
b. Do not continue reinforcement through sides of strip placements of floors and slabs. 

3. Space vertical joints in walls as indicated on Drawings . Unless otherwise indicated on 
Drawings, locate vertical joints beside piers integral with walls, near corners, and in 
concealed locations where possible. 

4. Use a bonding agent at locations where fresh concrete is placed against hardened or 
partially hardened concrete surfaces. 

C. Control Joints in Slabs-on-Ground: Form weakened-plane control joints, sectioning concrete into 
areas as indicated. Construct control joints for a depth equal to at least one-fourth of concrete 
thickness as follows: 
1. Sawed Joints: Form control joints with power saws equipped with shatterproof abrasive or 

diamond-rimmed blades. Cut 1/8-inch- wide joints into concrete when cutting action does 
not tear, abrade, or otherwise damage surface and before concrete develops random 
cracks. 

3.5 CONCRETE PLACEMENT 

A. Before placing concrete, verify that installation of formwork, reinforcement, embedded items, and 
vapor retarder is complete and that required inspections are completed. 
1. Immediately prior to concrete placement, inspect vapor retarder for damage and deficient 

installation, and repair defective areas. 
2. Provide continuous inspection of vapor retarder during concrete placement and make 

necessary repairs to damaged areas as Work progresses. 

B. Notify Architect and testing and inspection agencies 24 hours prior to commencement of concrete 
placement. 

C. Do not add water to concrete during delivery, at Project site, or during placement unless approved 
by Architect in writing, but not to exceed the amount indicated on the concrete delivery ticket. 
1. Do not add water to concrete after adding high-range water-reducing admixtures to 

mixture. 

D. Before test sampling and placing concrete, water may be added at Project site, subject to 
limitations of ACI 301, but not to exceed the amount indicated on the concrete delivery ticket. 
1. Do not add water to concrete after adding high-range water-reducing admixtures to 

mixture. 

E. Deposit concrete continuously in one layer or in horizontal layers of such thickness that no new 
concrete is placed on concrete that has hardened enough to cause seams or planes of weakness. 
1. If a section cannot be placed continuously, provide construction joints as indicated. 
2. Deposit concrete to avoid segregation. 
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3. Deposit concrete in horizontal layers of depth not to exceed formwork design pressures 
and in a manner to avoid inclined construction joints. 

4. Consolidate placed concrete with mechanical vibrating equipment in accordance with ACI 
301. 
a. Do not use vibrators to transport concrete inside forms. 
b. Insert and withdraw vibrators vertically at uniformly spaced locations to rapidly 

penetrate placed layer and at least 6 inches into preceding layer. 
c. Do not insert vibrators into lower layers of concrete that have begun to lose plasticity. 
d. At each insertion, limit duration of vibration to time necessary to consolidate 

concrete, and complete embedment of reinforcement and other embedded items 
without causing mixture constituents to segregate. 

F. Deposit and consolidate concrete for floors and slabs in a continuous operation, within limits of 
construction joints, until placement of a panel or section is complete. 
1. Do not place concrete floors and slabs in a checkerboard sequence. 
2. Consolidate concrete during placement operations, so concrete is thoroughly worked 

around reinforcement and other embedded items and into corners. 
3. Maintain reinforcement in position on chairs during concrete placement. 
4. Screed slab surfaces with a straightedge and strike off to correct elevations. 
5. Level concrete, cut high areas, and fill low areas. 
6. Slope surfaces uniformly to drains where required. 
7. Begin initial floating using bull floats or darbies to form a uniform and open-textured surface 

plane, before excess bleedwater appears on the surface. 
8. Do not further disturb slab surfaces before starting finishing operations. 

3.6 FINISHING FORMED SURFACES 

A. As-Cast Surface Finishes: 
1. ACI 301 Surface Finish SF-1.0: As-cast concrete texture imparted by form-facing material. 

a. Patch voids larger than 1-1/2 inches wide or 1/2 inch deep. 
b. Remove projections larger than 1 inch. 
c. Tie holes do not require patching. 
d. Surface Tolerance: ACI 117 Class D. 
e. Apply to concrete surfaces not exposed to public view . 

2. ACI 301 Surface Finish SF-2.0: As-cast concrete texture imparted by form-facing material, 
arranged in an orderly and symmetrical manner with a minimum of seams. 
a. Patch voids larger than 3/4 inch wide or 1/2 inch deep. 
b. Remove projections larger than 1/4 inch. 
c. Patch tie holes. 
d. Surface Tolerance: ACI 117 Class B. 
e. Locations: Apply to concrete surfaces exposed to public view, . 

B. Related Unformed Surfaces: 
1. At tops of walls, horizontal offsets, and similar unformed surfaces adjacent to formed 

surfaces, strike off smooth and finish with a color and texture matching adjacent formed 
surfaces. 

2. Continue final surface treatment of formed surfaces uniformly across adjacent unformed 
surfaces unless otherwise indicated. 

3.7 FINISHING FLOORS AND SLABS 

A. Comply with ACI 302.1R recommendations for screeding, restraightening, and finishing 
operations for concrete surfaces. Do not wet concrete surfaces. 

B. Trowel Finish: 



   
 

Northwood University  
Northwoods University Morey Plaza 
OHM PROJECT # 5076-23-0010 

CAST-IN-PLACE CONCRETE 
03 30 00 - Page 7 of 10 

Issued for Review: 10/26/2023 
 

Copyright © 2023 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International Treaties. 
It was created by "OHM Advisors" for "Northwoods University Morey Plaza".  A valid, current MasterSpec license is required for editing and use of this document for 
any other project.(23956) 

1. After applying float finish, apply first troweling and consolidate concrete by hand or power-
driven trowel. 

2. Continue troweling passes and restraighten until surface is free of trowel marks and 
uniform in texture and appearance. 

3. Grind smooth any surface defects that would telegraph through applied coatings or floor 
coverings. 

4. Do not add water to concrete surface. 
5. Do not apply hard-troweled finish to concrete, which has a total air content greater than 3 

percent. 
6. Apply a trowel finish to surfaces exposed to view . 
7. Finish surfaces to the following tolerances, in accordance with ASTM E1155, for a 

randomly trafficked floor surface: 
a. Slabs on Ground: 

1) Finish and measure surface so gap at any point between concrete surface 
and an unleveled, freestanding, 10-ft.- long straightedge resting on two high 
spots and placed anywhere on the surface does not exceed 1/4 inch . 

3.8 INSTALLATION OF MISCELLANEOUS CONCRETE ITEMS 

A. Filling In: 
1. Fill in holes and openings left in concrete structures after Work of other trades is in place 

unless otherwise indicated. 
2. Mix, place, and cure concrete, as specified, to blend with in-place construction. 
3. Provide other miscellaneous concrete filling indicated or required to complete the Work. 

3.9 CONCRETE CURING 

A. Protect freshly placed concrete from premature drying and excessive cold or hot temperatures. 
1. Comply with ACI 301 and ACI 306.1 for cold weather protection during curing. 
2. Comply with ACI 301 and ACI 305.1 for hot-weather protection during curing. 
3. Maintain moisture loss no more than 0.2 lb/sq. ft. x h before and during finishing operations. 

B. Curing Formed Surfaces: Comply with ACI 308.1 as follows: 
1. Cure formed concrete surfaces, including underside of beams, supported slabs, and other 

similar surfaces. 
2. If forms remain during curing period, moist cure after loosening forms. 
3. If removing forms before end of curing period, continue curing for remainder of curing 

period, as follows: 
a. Continuous Fogging: Maintain standing water on concrete surface until final setting 

of concrete. 
b. Continuous Sprinkling: Maintain concrete surface continuously wet. 
c. Absorptive Cover: Pre-dampen absorptive material before application; apply 

additional water to absorptive material to maintain concrete surface continuously 
wet. 

d. Water-Retention Sheeting Materials: Cover exposed concrete surfaces with 
sheeting material, taping, or lapping seams. 

e. Membrane-Forming Curing Compound: Apply uniformly in continuous operation by 
power spray or roller in accordance with manufacturer's written instructions. 
1) Recoat areas subject to heavy rainfall within three hours after initial 

application. 
2) Maintain continuity of coating and repair damage during curing period. 

C. Curing Unformed Surfaces: Comply with ACI 308.1 as follows: 
1. Begin curing immediately after finishing concrete. 
2. Interior Concrete Floors: 
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1) Moisture-Retaining-Cover Curing: Cover concrete surfaces with moisture-
retaining cover for curing concrete, placed in widest practicable width, with 
sides and ends lapped at least 12 inches, and sealed by waterproof tape or 
adhesive. 
a) Immediately repair any holes or tears during curing period, using cover 

material and waterproof tape. 
b) Cure for not less than seven days. 

2) Ponding or Continuous Sprinkling of Water: Maintain concrete surfaces 
continuously wet for not less than seven days, utilizing one, or a combination 
of, the following: 
a) Water. 
b) Continuous water-fog spray. 

b. Floors to Receive Curing Compound: 
1) Apply uniformly in continuous operation by power spray or roller in 

accordance with manufacturer's written instructions. 
2) Recoat areas subjected to heavy rainfall within three hours after initial 

application. 
3) Maintain continuity of coating, and repair damage during curing period. 

3.10 TOLERANCES 

A. Conform to ACI 117. 

3.11 JOINT FILLING 

A. Prepare, clean, and install joint filler in accordance with manufacturer's written instructions. 
1. Defer joint filling until concrete has aged at least one month(s). 
2. Do not fill joints until construction traffic has permanently ceased. 

B. Remove dirt, debris, saw cuttings, curing compounds, and sealers from joints; leave contact faces 
of joints clean and dry. 

C. Overfill joint, and trim joint filler flush with top of joint after hardening. 

3.12 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing and inspecting agency to perform tests and 
inspections and to submit reports. 
1. Testing agency to be responsible for providing curing container for composite samples on 

Site and verifying that field-cured composite samples are cured in accordance with ASTM 
C31/C31M. 

2. Testing agency to immediately report to Architect, Contractor, and concrete manufacturer 
any failure of Work to comply with Contract Documents. 

3. Testing agency to report results of tests and inspections, in writing, to Owner, Architect, 
Contractor, and concrete manufacturer within 48 hours of inspections and tests. 
a. Test reports to include reporting requirements of ASTM C31/C31M, ASTM 

C39/C39M, and ACI 301, including the following as applicable to each test and 
inspection: 
1) Project name. 
2) Name of testing agency. 
3) Names and certification numbers of field and laboratory technicians 

performing inspections and testing. 
4) Name of concrete manufacturer. 
5) Date and time of inspection, sampling, and field testing. 
6) Date and time of concrete placement. 
7) Location in Work of concrete represented by samples. 
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8) Date and time sample was obtained. 
9) Truck and batch ticket numbers. 
10) Design compressive strength at 28 days. 
11) Concrete mixture designation, proportions, and materials. 
12) Field test results. 
13) Information on storage and curing of samples before testing, including curing 

method and maximum and minimum temperatures during initial curing period. 
14) Type of fracture and compressive break strengths at seven days and 28 days. 

B. Batch Tickets: For each load delivered, submit three copies of batch delivery ticket to testing 
agency, indicating quantity, mix identification, admixtures, design strength, aggregate size, 
design air content, design slump at time of batching, and amount of water that can be added at 
Project site. 

C. Inspections: 
1. Verification of use of required design mixture. 
2. Concrete placement, including conveying and depositing. 
3. Curing procedures and maintenance of curing temperature. 
4. Verification of concrete strength before removal of shores and forms from beams and 

slabs. 

D. Concrete Tests: Testing of composite samples of fresh concrete obtained in accordance with 
ASTM C 172/C 172M to be performed in accordance with the following requirements: 
1. Testing Frequency: Obtain one composite sample for each day's pour of each concrete 

mixture exceeding 5 cu. yd., but less than 25 cu. yd., plus one set for each additional 50 
cu. yd. or fraction thereof. 
a. When frequency of testing provides fewer than five compressive-strength tests for 

each concrete mixture, testing to be conducted from at least five randomly selected 
batches or from each batch if fewer than five are used. 

2. Slump: ASTM C143/C143M: 
a. One test at point of placement for each composite sample, but not less than one test 

for each day's pour of each concrete mixture. 
b. Perform additional tests when concrete consistency appears to change. 

3. Air Content: ASTM C231/C231M pressure method, for normal-weight concrete; ASTM 
C173/C173M volumetric method, for structural lightweight concrete. 
a. One test for each composite sample, but not less than one test for each day's pour 

of each concrete mixture. 
4. Concrete Temperature: ASTM C1064/C1064M: 

a. One test hourly when air temperature is 40 deg F and below or 80 deg F and above, 
and one test for each composite sample. 

5. Compression Test Specimens: ASTM C31/C31M: 
a. Cast and laboratory cure two sets of two 6-inch by 12-inch or 4-inch by 8-inch 

cylinder specimens for each composite sample. 
b. Cast, initial cure, and field cure two sets of two standard cylinder specimens for each 

composite sample. 
6. Compressive-Strength Tests: ASTM C39/C39M. 

a. Test one set of two laboratory-cured specimens at seven days and one set of two 
specimens at 28 days. 

b. Test one set of two field-cured specimens at seven days and one set of two 
specimens at 28 days. 

c. A compressive-strength test to be the average compressive strength from a set of 
two specimens obtained from same composite sample and tested at age indicated. 

7. Strength of each concrete mixture will be satisfactory if every average of any three 
consecutive compressive-strength tests equals or exceeds specified compressive 
strength, and no compressive-strength test value falls below specified compressive 
strength by more than 500 psi if specified compressive strength is 5000 psi, or no 
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compressive strength test value is less than 10 percent of specified compressive strength 
if specified compressive strength is greater than 5000 psi. 

8. Additional Tests: 
a. Testing and inspecting agency to make additional tests of concrete when test results 

indicate that slump, air entrainment, compressive strengths, or other requirements 
have not been met, as directed by Architect. 

b. Testing and inspecting agency may conduct tests to determine adequacy of 
concrete by cored cylinders complying with ASTM C42/C42M or by other methods 
as directed by Architect. 
1) Acceptance criteria for concrete strength to be in accordance with ACI 301, 

Section 1.6.6.3. 
9. Additional testing and inspecting, at Contractor's expense, will be performed to determine 

compliance of replaced or additional work with specified requirements. 
10. Correct deficiencies in the Work that test reports and inspections indicate do not comply 

with the Contract Documents. 

3.13 PROTECTION 

A. Protect concrete surfaces as follows: 
1. Protect from petroleum stains. 
2. Diaper hydraulic equipment used over concrete surfaces. 
3. Prohibit vehicles from interior concrete slabs. 
4. Prohibit use of pipe-cutting machinery over concrete surfaces. 
5. Prohibit placement of steel items on concrete surfaces. 
6. Prohibit use of acids or acidic detergents over concrete surfaces. 

END OF SECTION 03 30 00 
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SECTION 04 20 00 - UNIT MASONRY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Concrete masonry units. 
2. Brick. 
3. Mortar and grout materials. 
4. Reinforcement. 
5. Ties and anchors. 
6. Accessories. 
7. Mortar and grout mixes. 

1.2 DEFINITIONS 

A. CMU(s): Concrete masonry unit(s). 

B. Reinforced Masonry: Masonry containing reinforcing steel in grouted cells. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.4 INFORMATIONAL SUBMITTALS 

A.  Procedures: Detailed description of methods, materials, and equipment to be used to comply 
with requirements. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Store masonry units on elevated platforms in a dry location. If units are not stored in an enclosed 
location, cover tops and sides of stacks with waterproof sheeting, securely tied. If units become 
wet, do not install until they are dry. 

B. Store cementitious materials on elevated platforms, under cover, and in a dry location. Do not 
use cementitious materials that have become damp. 

C. Store aggregates where grading and other required characteristics can be maintained and 
contamination avoided. 

D. Deliver preblended, dry mortar mix in moisture-resistant containers. Store preblended, dry mortar 
mix in delivery containers on elevated platforms in a dry location or in covered weatherproof 
dispensing silos. 

E. Store masonry accessories, including metal items, to prevent corrosion and accumulation of dirt 
and oil. 

1.6 FIELD CONDITIONS 

A. Protection of Masonry: During construction, 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. 
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1. Extend cover a minimum of 24 inches down both sides of walls, and hold cover securely in 
place. 

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

B. 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 from mortar splatter by spreading 

coverings on ground and over wall surface. 
2. Protect sills, ledges, and projections from mortar droppings. 
3. Turn scaffold boards near the wall on edge at the end of each day to prevent rain from 

splashing mortar and dirt onto completed masonry. 

PART 2 - PRODUCTS 

2.1 UNIT MASONRY, GENERAL 

A. Masonry Standard: Comply with TMS 602, except as modified by requirements in the Contract 
Documents. 

B. Defective Units: Referenced masonry unit standards may allow a certain percentage of units to 
contain chips, cracks, or other defects exceeding limits stated. Do not use units where such 
defects are exposed in the completed Work. 

2.2 CONCRETE MASONRY UNITS 

A. Shapes: Provide shapes indicated and as follows, with exposed surfaces matching exposed faces 
of adjacent units unless otherwise indicated. 
1. Provide special shapes for lintels, corners, jambs, sashes, movement joints, headers, 

bonding, and other special conditions. 
2. Provide square-edged units for outside corners unless otherwise indicated. 

B. CMUs: ASTM C90, normal weight . 
1. Unit Compressive Strength: Provide units with minimum average net-area compressive 

strength of 2000 psi . 
2. Size (Width): Manufactured to dimensions 3/8 inch less than nominal dimensions. 
3. Exposed Faces: Provide color and texture matching the range represented by Architect's 

sample. 
4. Faces to Receive Plaster: Where units are indicated to receive a direct application of 

plaster, provide textured-face units made with gap-graded aggregates. 

2.3 BRICK 

A. General: Face brick is required for exposed retaining wall surfaces, and shall match existing 
building brick in material, color, size, and texture; subject to approval of the Engineer. Provide 
shapes indicated and as follows, with exposed surfaces matching finish and color of exposed 
faces of adjacent units: 
1. For ends of sills and caps and for similar applications that would otherwise expose 

unfinished brick surfaces, provide units without cores or frogs and with exposed surfaces 
finished. 

2. Provide special shapes for applications where stretcher units cannot accommodate special 
conditions, including those at corners, movement joints, bond beams, sashes, and lintels . 
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B. Building (Common) Brick: ASTM C62, Grade SW . 
1. Unit Compressive Strength: Provide units with minimum average net-area compressive 

strength of 3350 psi . 
2. Size (Actual Dimensions): 3-5/8 inches wide by 2-1/4 inches high by 7-5/8 inches long . 
3. Application: Use where brick is indicated for concealed locations.  Face brick complying 

with requirements for grade, compressive strength, and size indicated for building brick 
may be substituted for building brick. 

2.4 MORTAR AND GROUT MATERIALS 

A. Portland Cement: ASTM C150/C150M, Type I or II, except Type III may be used for cold-weather 
construction. Provide natural color or white cement as required to produce mortar color indicated. 
1. Alkali content will not be more than 0.1 percent when tested in accordance with 

ASTM C114. 

B. Hydrated Lime: ASTM C207, Type S. 

C. Masonry Cement: ASTM C91/C91M. 

D. Mortar Cement: ASTM C1329/C1329M. 

E. Aggregate for Mortar: ASTM C144. 
1. For mortar that is exposed to view, use washed aggregate consisting of natural sand or 

crushed stone. 
2. For joints less than 1/4 inch thick, use aggregate graded with 100 percent passing the 

No. 16 sieve. 
3. White-Mortar Aggregates: Natural white sand or crushed white stone. 

F. Water: Potable. 

2.5 REINFORCEMENT 

A. Uncoated-Steel Reinforcing Bars: ASTM A615/A615M or ASTM A996/A996M, Grade 60. 

B. Reinforcing Bar Positioners: Wire units designed to fit into mortar bed joints spanning masonry 
unit cells and to hold reinforcing bars in center of cells. Units are formed from 0.148-inch steel 
wire, hot-dip galvanized after fabrication. Provide units designed for number of bars indicated. 

C. Masonry-Joint Reinforcement, General: ASTM A951/A951M. 
1. Exterior Walls: Hot-dip galvanized carbon steel. 
2. Wire Size for Side Rods: 0.148-inch diameter. 
3. Wire Size for Cross Rods: 0.148-inch diameter. 
4. Wire Size for Veneer Ties: 0.148-inch diameter. 
5. Spacing of Cross Rods, Tabs, and Cross Ties: Not more than 16 inches o.c. 
6. Provide in lengths of not less than 10 ft.. 

D. Masonry-Joint Reinforcement for Single-Wythe Masonry: Ladder type with single pair of side rods. 

2.6 TIES AND ANCHORS 

A. General: Ties and anchors extend at least 1-1/2 inches into veneer but with at least a 5/8-inch 
cover on outside face. 

B. Materials: Provide ties and anchors specified in this article that are made from materials that 
comply with the following unless otherwise indicated: 
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1. Hot-Dip Galvanized, Carbon-Steel Wire: ASTM A1064/A1064M, with ASTM A153/A153M, 
Class B-2 coating. 

2. Stainless Steel Wire: ASTM A580/A580M, Type 304 . 
3. Galvanized-Steel Sheet: ASTM A653/A653M, Commercial Steel, G60 zinc coating. 
4. Steel Sheet, Galvanized after Fabrication: ASTM A1008/A1008M, Commercial Steel, with 

ASTM A153/A153M, Class B coating. 
5. Stainless Steel Sheet: ASTM A240/A240M or ASTM A666, Type 304 . 

C. Corrugated-Metal Ties: Metal strips not less than 7/8 inch wide with corrugations having a 
wavelength of 0.3 to 0.5 inch and an amplitude of 0.06 to 0.10 inch made from 0.0336-inch- thick 
steel sheet, galvanized after fabrication . 

D. Individual Wire Ties: Rectangular units with closed ends and not less than 4 inches wide. 
1. Z-shaped ties with ends bent 90 degrees to provide hooks not less than 2 inches long for 

masonry constructed from solid units. 
2. Where wythes do not align , use adjustable ties with pintle-and-eye connections having a 

maximum adjustment of 1-1/4 inches. 
3. Wire: Fabricate from 3/16-inch- diameter, hot-dip galvanized steel wire. 

2.7 MORTAR AND GROUT MIXES 

A. General: Do not use admixtures, including pigments, air-entraining agents, accelerators, 
retarders, water-repellent agents, antifreeze compounds, or other admixtures unless otherwise 
indicated. 
1. Do not use calcium chloride in mortar or grout. 
2. Use masonry cement or mortar cement mortar unless otherwise indicated. 
3. Add cold-weather admixture (if used) at same rate for all mortar that will be exposed to 

view, regardless of weather conditions, to ensure that mortar color is consistent. 

B. Preblended, Dry Mortar Mix: Furnish dry mortar ingredients in form of a preblended mix. Measure 
quantities by weight to ensure accurate proportions, and thoroughly blend ingredients before 
delivering to Project site. 

C. Mortar for Unit Masonry: Comply with ASTM C270, Proportion Specification. Provide the following 
types of mortar for applications stated unless another type is indicated  or needed to provide 
required compressive strength of masonry. 
1. For masonry below grade or in contact with earth, use Type M. 
2. For reinforced masonry, use Type S . 
3. For exterior, above-grade, load-bearing, nonload-bearing walls, and parapet walls; for 

interior load-bearing walls; for interior nonload-bearing partitions; and for other applications 
where another type is not indicated, use Type N. 

D. Grout for Unit Masonry: Comply with ASTM C476. 
1. Use grout of type indicated or, if not otherwise indicated, of type (fine or coarse) that will 

comply with TMS 602 for dimensions of grout spaces and pour height. 
2. Proportion grout in accordance with ASTM C476, Table 1 or paragraph 4.2.1.2 for 

specified 28-day compressive strength indicated, but not less than 2000 psi. 
3. Provide grout with a slump of 8 to 11 inches as measured in accordance with 

ASTM C143/C143M. 

2.8 EMBEDDED FLASHING 

A. Metal Flashing: Provide metal flashing complying with SMACNA's "Architectural Sheet Metal 
Manual" and as follows: 
1. Stainless Steel: ASTM A240/A240M or ASTM A666, Type 304 , 0.016 inch thick. 
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2. Fabricate continuous flashings in sections 96 inches long minimum, but not exceeding 12 
ft.. Provide splice plates at joints of formed, smooth metal flashing. 

3. Fabricate through-wall flashing with drip edge [where] unless otherwise indicated. 
Fabricate by extending flashing 1/2 inch out from wall, with outer edge bent down 30 
degrees. 

B. Adhesives, Primers, and Seam Tapes for Flashings: Flashing manufacturer's standard products 
or products recommended by flashing manufacturer for bonding flashing sheets to each other 
and to substrates. 

2.9 ACCESSORIES 

A. Compressible Filler: Premolded filler strips complying with ASTM D1056, Grade 2A1; 
compressible up to 35 percent; of width and thickness indicated; formulated from neoprene . 

B. Weep/Cavity Vents: Use  one of the following unless otherwise indicated: 
1. Wicking Material: Absorbent rope, made from cotton, 1/4 to 3/8 inch in diameter, in length 

required to produce 2-inch exposure on exterior and 18 inches in cavity. Use only for 
weeps. 

2. Round Plastic Weep/Vent Tubing: Medium-density polyethylene, 3/8-inch OD by 4 inches 
long. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine conditions, with Installer present, for compliance with requirements for installation 
tolerances and other conditions affecting performance of the Work. 
1. For the record, prepare written report, endorsed by Installer, listing conditions detrimental 

to performance of the Work. 
2. Verify that foundations are within tolerances specified. 
3. Verify that reinforcing dowels are properly placed. 
4. Verify that substrates are free of substances that impair mortar bond. 

B. Before installation, examine rough-in and built-in construction for piping systems to verify actual 
locations of piping connections. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION, GENERAL 

A. Thickness: Build cavity and composite walls and other masonry construction to full thickness 
shown. Build single-wythe walls to actual widths of masonry units, using units of widths indicated. 

B. Build chases and recesses to accommodate items specified in this and other Sections. 

C. Leave openings for equipment to be installed before completing masonry. After installing 
equipment, complete masonry to match construction immediately adjacent to opening. 

D. Use full-size units without cutting if possible. If cutting is required to provide a continuous pattern 
or to fit adjoining construction, cut units with motor-driven saws; provide clean, sharp, unchipped 
edges. Allow units to dry before laying unless wetting of units is specified. Install cut units with cut 
surfaces and, where possible, cut edges concealed. 
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E. Select and arrange units for exposed unit masonry to produce a uniform blend of colors and 
textures. Mix units from several pallets or cubes as they are placed. 

F. Matching Existing Masonry: Match coursing, bonding, color, and texture of existing masonry. 

G. Wetting of Brick: Wet brick before laying if initial rate of absorption exceeds 30 g/30 sq. in. per 
minute when tested in accordance with ASTM C67/C67M. Allow units to absorb water so they are 
damp but not wet at time of laying. 

3.3 TOLERANCES 

A. Dimensions and Locations of Elements: 
1. For dimensions in cross section or elevation, do not vary by more than plus 1/2 inch or 

minus 1/4 inch. 
2. For location of elements in plan, do not vary from that indicated by more than plus or minus 

1/2 inch. 
3. For location of elements in elevation, do not vary from that indicated by more than plus or 

minus 1/4 inch in a story height or 1/2 inch total. 

B. Lines and Levels: 
1. For bed joints and top surfaces of bearing walls, do not vary from level by more than 1/4 

inch in 10 ft., or 1/2-inch maximum. 
2. For conspicuous horizontal lines, such as lintels, sills, parapets, and reveals, do not vary 

from level by more than 1/8 inch in 10 ft., 1/4 inch in 20 ft., or 1/2-inch maximum. 
3. For vertical lines and surfaces, do not vary from plumb by more than 1/4 inch in 10 ft., 3/8 

inch in 20 ft., or 1/2-inch maximum. 
4. For conspicuous vertical lines, such as external corners, door jambs, reveals, and 

expansion and control joints, do not vary from plumb by more than 1/8 inch in 10 ft., 1/4 
inch in 20 ft., or 1/2-inch maximum. 

5. For lines and surfaces, do not vary from straight by more than 1/4 inch in 10 ft., 3/8 inch in 
20 ft., or 1/2-inch maximum. 

6. For vertical alignment of exposed head joints, do not vary from plumb by more than 1/4 
inch in 10 ft., or 1/2-inch maximum. 

7. For faces of adjacent exposed masonry units, do not vary from flush alignment by more 
than 1/16 inch except due to warpage of masonry units within tolerances specified for 
warpage of units. 

C. Joints: 
1. For bed joints, do not vary from thickness indicated by more than plus or minus 1/8 inch, 

with a maximum thickness limited to 1/2 inch. 
2. For exposed bed joints, do not vary from bed-joint thickness of adjacent courses by more 

than 1/8 inch. 
3. For head and collar joints, do not vary from thickness indicated by more than plus 3/8 inch 

or minus 1/4 inch. 
4. For exposed head joints, do not vary from thickness indicated by more than plus or minus 

1/8 inch.  Do not vary from adjacent bed-joint and head-joint thicknesses by more than 1/8 
inch . 

5. For exposed bed joints and head joints of stacked bond, do not vary from a straight line by 
more than 1/16 inch from one masonry unit to the next. 

3.4 LAYING MASONRY WALLS 

A. Lay out walls in advance for accurate spacing of surface bond patterns with uniform joint 
thicknesses and for accurate location of openings, movement-type joints, returns, and offsets. 
Avoid using less-than-half-size units, particularly at corners, jambs, and, where possible, at other 
locations. 
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B. Bond Pattern for Exposed Masonry: Unless otherwise indicated, lay exposed masonry in running 
bond ; do not use units with less-than-nominal 4-inch horizontal face dimensions at corners or 
jambs. 

C. Lay concealed masonry with all units in a wythe in running bond or bonded by lapping not less 
than 4 inches. Bond and interlock each course of each wythe at corners. Do not use units with 
less-than-nominal 4-inch horizontal face dimensions at corners or jambs. 

D. Stopping and Resuming Work: Stop work by stepping back units in each course from those in 
course below; do not tooth. When resuming work, clean masonry surfaces that are to receive 
mortar, remove loose masonry units and mortar, and wet brick if required before laying fresh 
masonry. 

E. Built-in Work: As construction progresses, build in items specified in this and other Sections. Fill 
in solidly with masonry around built-in items. 

F. Fill space between steel frames and masonry solidly with mortar unless otherwise indicated. 

G. Where built-in items are to be embedded in cores of hollow masonry units, place a layer of metal 
lath, wire mesh, or plastic mesh in the joint below, and rod mortar or grout into core. 

H. Fill cores in hollow CMUs with grout 24 inches under bearing plates, beams, lintels, posts, and 
similar items unless otherwise indicated. 

3.5 MORTAR BEDDING AND JOINTING 

A. Lay CMUs as follows: 
1. Bed face shells in mortar and make head joints of depth equal to bed joints. 
2. Bed webs in mortar in all courses of piers, columns, and pilasters. 
3. Bed webs in mortar in grouted masonry, including starting course on footings. 
4. Fully bed entire units, including areas under cells, at starting course on footings where cells 

are not grouted. 
5. Fully bed units and fill cells with mortar at anchors and ties as needed to fully embed 

anchors and ties in mortar. 

B. Lay solid masonry units with completely filled bed and head joints; butter ends with sufficient 
mortar to fill head joints and shove into place. Do not deeply furrow bed joints or slush head joints. 

C. Tool exposed joints slightly concave when thumbprint hard, using a jointer larger than joint 
thickness unless otherwise indicated. 

D. Cut joints flush for masonry walls to receive plaster or other direct-applied finishes (other than 
paint) unless otherwise indicated. 

E. Cut joints flush where indicated to receive waterproofing unless otherwise indicated. 

3.6 CAVITY WALLS 

A. Bond wythes of cavity walls together using one of the following methods : 
1. Individual Metal Ties: Provide ties as indicated installed in horizontal joints, but not less 

than one metal tie for 4.5 sq. ft. of wall area spaced not to exceed  24 inches o.c. 
horizontally and 16 inches o.c. vertically. Stagger ties in alternate courses. Provide 
additional ties within 12 inches of openings and space not more than 36 inches apart 
around perimeter of openings. At intersecting and abutting walls, provide ties at no more 
than 24 inches o.c. vertically. 
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a. Where bed joints of wythes do not align, use adjustable-type (two-piece-type) ties. 
b. Where one wythe is of clay masonry and the other of concrete masonry, use 

adjustable-type (two-piece-type) ties to allow for differential movement regardless of 
whether bed joints align. 

2. Masonry-Joint Reinforcement: Installed in horizontal mortar joints. 
a. Where bed joints of both wythes align, use ladder-type reinforcement extending 

across both wythes tab-type reinforcement. 
b. Where bed joints of wythes do not align, use adjustable-type (two-piece-type) 

reinforcement with continuous horizontal wire in facing wythe attached to ties. 
c. Where one wythe is of clay masonry and the other of concrete masonry, use 

adjustable-type (two-piece-type) reinforcement to allow for differential movement 
regardless of whether bed joints align. 

3. Header Bonding: Provide masonry unit headers extending not less than 3 inches into each 
wythe. Space headers not more than 8 inches clear horizontally and 16 inches clear 
vertically. 

4. Masonry-Veneer Anchors: Comply with requirements for anchoring masonry veneers. 

B. Bond wythes of cavity walls together using bonding system indicated on Drawings. 

C. Keep cavities clean of mortar droppings and other materials during construction. Bevel beds away 
from cavity, to minimize mortar protrusions into cavity. Do not attempt to trowel or remove mortar 
fins protruding into cavity. 

D. Parge cavity face of backup wythe in a single coat approximately 3/8 inch thick. Trowel face of 
parge coat smooth. 

E. Installing Cavity Wall Insulation: Place small dabs of adhesive, spaced approximately 12 inches 
o.c. both ways, on inside face of insulation boards, or attach with plastic fasteners designed for 
this purpose. Fit courses of insulation between wall ties and other confining obstructions in cavity, 
with edges butted tightly both ways. Press units firmly against inside wythe of masonry or other 
construction as indicated. 
1. Fill cracks and open gaps in insulation with crack sealer compatible with insulation and 

masonry. 

3.7 ANCHORED MASONRY VENEERS 

A. Anchor masonry veneers to concrete and masonry backup with masonry-veneer anchors to 
comply with the following requirements: 
1. Fasten screw-attached and seismic anchors to concrete and masonry backup with metal 

fasteners of type indicated. Use two fasteners unless anchor design only uses one 
fastener. 

2. Embed tie sections in masonry joints. 
3. Locate anchor sections to allow maximum vertical differential movement of ties up and 

down. 
4. Space anchors as indicated, but not more than 18 inches o.c. vertically and horizontally. 

Install additional anchors within 12 inches of openings and at intervals, not exceeding 24 
inches, around perimeter. 

3.8 MASONRY-JOINT REINFORCEMENT 

A. General: Install entire length of longitudinal side rods in mortar with a minimum cover of 5/8 inch 
on exterior side of walls, 1/2 inch elsewhere. Lap reinforcement a minimum of 6 inches. 
1. Space reinforcement not more than 16 inches o.c, unless otherwise indicated on the 

drawings. 

B. Interrupt joint reinforcement at control and expansion joints unless otherwise indicated. 
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C. Provide continuity at wall intersections by using prefabricated T-shaped units. 

D. Provide continuity at corners by using prefabricated L-shaped units. 

E. Cut and bend reinforcing units as directed by manufacturer for continuity at  corners, returns, 
offsets, column fireproofing, pipe enclosures, and other special conditions. 

3.9 CONTROL AND EXPANSION JOINTS 

A. General: Install control- and expansion-joint materials in unit masonry as masonry progresses. 
Do not allow materials to span control and expansion joints without provision to allow for in-plane 
wall or partition movement. 

B. Form control joints in concrete masonry using one of the following methods: 
1. Fit bond-breaker strips into hollow contour in ends of CMUs on one side of control joint. Fill 

resultant core with grout, and rake out joints in exposed faces for application of sealant. 
2. Install preformed control-joint gaskets designed to fit standard sash block. 
3. Install interlocking units designed for control joints. Install bond-breaker strips at joint. Keep 

head joints free and clear of mortar, or rake out joint for application of sealant. 
4. Install temporary foam-plastic filler in head joints, and remove filler when unit masonry is 

complete for application of sealant. 

C. Form expansion joints in brick as follows: 
1. Build flanges of metal expansion strips into masonry. Lap each joint 4 inches in direction 

of water flow. Seal joints below grade and at junctures with horizontal expansion joints if 
any. 

2. Build flanges of factory-fabricated, expansion-joint units into masonry. 
3. Build in compressible joint fillers where indicated. 
4. Form open joint full depth of brick wythe and of width indicated, but not less than 3/8 inch 

for installation of sealant and backer rod. 

3.10 FLASHING, WEEP HOLES, AND CAVITY VENTS 

A. General: Install embedded flashing and weep holes in masonry at shelf angles, lintels, ledges, 
other obstructions to downward flow of water in wall, and where indicated. 

B. Install flashing as follows unless otherwise indicated: 
1. Prepare masonry surfaces so they are smooth and free from projections that could 

puncture flashing. Where flashing is within mortar joint, place through-wall flashing on 
sloping bed of mortar and cover with mortar. Before covering with mortar, seal penetrations 
in flashing with adhesive, sealant, or tape  as recommended by flashing manufacturer. 

2. At multiwythe masonry walls, including cavity walls, extend flashing through outer wythe, 
turned up a minimum of 4 inches , and through inner wythe to within 1/2 inch of the interior 
face of wall in exposed masonry. Where interior face of wall is to receive furring or framing, 
carry flashing completely through inner wythe and turn flashing up approximately 2 inches 
on interior face. 

3. Install metal drip edges beneath flexible flashing at exterior face of wall. Stop flexible 
flashing 1/2 inch back from outside face of wall, and adhere flexible flashing to top of metal 
drip edge. 

4. Install metal flashing termination beneath flexible flashing at exterior face of wall. Stop 
flexible flashing 1/2 inch back from outside face of wall, and adhere flexible flashing to top 
of metal flashing termination. 

5. Cut flexible flashing off flush with face of wall after masonry wall construction is completed. 
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C. Install weep holes in exterior wythes and veneers in head joints of first course of masonry 
immediately above embedded flashing. 
1. Use specified weep/cavity vent products to form weep holes. 
2. Space weep holes 24 inches o.c. unless otherwise indicated. 
3. Trim wicking material flush with outside face of wall after mortar has set. 

3.11 REINFORCED UNIT MASONRY 

A. Temporary Formwork and Shores: Construct formwork and shores as needed to support 
reinforced masonry elements during construction. 
1. Construct formwork to provide shape, line, and dimensions of completed masonry as 

indicated. Make forms sufficiently tight to prevent leakage of mortar and grout. Brace, tie, 
and support forms to maintain position and shape during construction and curing of 
reinforced masonry. 

2. Do not remove forms and shores until reinforced masonry members have hardened 
sufficiently to carry their own weight and that of other loads that may be placed on them 
during construction. 

B. Placing Reinforcement: Comply with requirements in TMS 602. 

C. Grouting: Do not place grout until entire height of masonry to be grouted has attained enough 
strength to resist grout pressure. 
1. Comply with requirements in TMS 602 for cleanouts and for grout placement, including 

minimum grout space and maximum pour height. 
2. Limit height of vertical grout pours to not more than 60 inches  

3.12 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. Allow 
inspectors access to scaffolding and work areas as needed to perform tests and inspections. 
Retesting of materials that fail to comply with specified requirements will be at Contractor's 
expense. 

B. Inspections: Special inspections in accordance with Level 2 in TMS 402. 
1. Begin masonry construction only after inspectors have verified proportions of site-prepared 

mortar. 
2. Place grout only after inspectors have verified compliance of grout spaces and of grades, 

sizes, and locations of reinforcement. 
3. Place grout only after inspectors have verified proportions of site-prepared grout. 

C. Testing Prior to Construction: One set of tests. 

D. Testing Frequency: One set of tests for each 5000 sq. ft. of wall area or portion thereof. 

E. Concrete Masonry Unit Test: For each type of unit provided, in accordance with 
ASTM C140/C140M for compressive strength. 

F. Mortar Aggregate Ratio Test (Proportion Specification): For each mix provided, in accordance 
with ASTM C780. 

G. Mortar Test (Property Specification): For each mix provided, in accordance with ASTM C780. 
Test mortar for [and] compressive strength. 

H. Grout Test (Compressive Strength): For each mix provided, in accordance with ASTM C1019. 
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I. Prism Test: For each type of construction provided, in accordance with ASTM C1314 at 28 days. 

3.13 REPAIRING, POINTING, AND CLEANING 

A. Remove and replace masonry units that are loose, chipped, broken, stained, or otherwise 
damaged or that do not match adjoining units. Install new units to match adjoining units; install in 
fresh mortar, pointed to eliminate evidence of replacement. 

B. Pointing: During the tooling of joints, enlarge voids and holes, except weep holes, and completely 
fill with mortar. Point up joints, including corners, openings, and adjacent construction, to provide 
a neat, uniform appearance. Prepare joints for sealant application, where indicated. 

C. In-Progress Cleaning: Clean unit masonry as work progresses by dry brushing to remove mortar 
fins and smears before tooling joints. 

D. Final Cleaning: After mortar is thoroughly set and cured, clean exposed masonry as follows: 
1. Remove large mortar particles by hand with wooden paddles and nonmetallic scrape hoes 

or chisels. 
2. Test cleaning methods on sample wall panel; leave one-half of panel uncleaned for 

comparison purposes. Obtain Architect's approval of sample cleaning before proceeding 
with cleaning of masonry. 

3. Protect adjacent stone and non-masonry surfaces from contact with cleaner by covering 
them with liquid strippable masking agent or polyethylene film and waterproof masking 
tape. 

4. Wet wall surfaces with water before applying cleaners; remove cleaners promptly by rinsing 
surfaces thoroughly with clear water. 

5. Clean brick by bucket-and-brush hand-cleaning method described in BIA Technical 
Notes 20. 

6. Clean concrete masonry by applicable cleaning methods indicated in NCMA TEK 8-4A. 
7. Clean masonry with a proprietary acidic masonry cleaner applied according to 

manufacturer's written instructions. 

3.14 MASONRY WASTE DISPOSAL 

A. Salvageable Materials: Unless otherwise indicated, excess masonry materials are Contractor's 
property. At completion of unit masonry work, remove from Project site. 

B. Waste Disposal as Fill Material: Dispose of clean masonry waste, including excess or soil-
contaminated sand, waste mortar, and broken masonry units, by crushing and mixing with fill 
material as fill is placed. 
1. Crush masonry waste to less than 4 inches in each dimension. 
2. Mix masonry waste with at least two parts of specified fill material for each part of masonry 

waste. Fill material is specified in Section 31 20 00 "Earth Moving." 
3. Do not dispose of masonry waste as fill within 18 inches of finished grade. 

C. Masonry Waste Recycling: Return broken CMUs not used as fill to manufacturer for recycling. 

D. Excess Masonry Waste: Remove excess clean masonry waste that cannot be used as fill, as 
described above or recycled, and other masonry waste, and legally dispose of off Owner's 
property. 

END OF SECTION 04 20 00 





   
 

Northwood University  
Northwoods University Morey Plaza 
OHM PROJECT # 5076-23-0010 

SELF-ADHERING SHEET WATERPROOFING 
07 13 26 - Page 1 of 4 

Issued for Review: 10/26/2023 
 

Copyright © 2023 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International Treaties. 
It was created by "OHM Advisors" for "Northwoods University Morey Plaza".  A valid, current MasterSpec license is required for editing and use of this document for 
any other project.(23956) 

SECTION 07 13 26 - SELF-ADHERING SHEET WATERPROOFING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Sheet waterproofing. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Include construction details, material descriptions, and tested physical and performance 

properties of waterproofing. 
2. Include manufacturer's written instructions for evaluating, preparing, and treating substrate. 

1.3 FIELD CONDITIONS 

A. Environmental Limitations: Apply waterproofing within the range of ambient and substrate 
temperatures recommended in writing by waterproofing manufacturer. Do not apply waterproofing 
to a damp or wet substrate. 
1. Do not apply waterproofing in snow, rain, fog, or mist. 

B. Maintain adequate ventilation during preparation and application of waterproofing materials. 

PART 2 - PRODUCTS 

2.1 SOURCE LIMITATIONS 

A. Source Limitations for Waterproofing System: Obtain waterproofing materials , protection course, 
from single source from single manufacturer. 

2.2 SHEET WATERPROOFING 

A. Modified Bituminous Sheet Waterproofing: Minimum 60-mil nominal thickness, self-adhering 
sheet consisting of 56 mils of rubberized asphalt laminated on one side to a 4-mil- thick, 
polyethylene-film reinforcement, and with release liner on adhesive side ; formulated for 
application with primer or surface conditioner that complies with VOC limits of authorities having 
jurisdiction. 
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the 
following: 
a. W. R. Meadows, Inc., Mel-Rol. 

2. Physical Properties: 
a. Tensile Strength, Membrane: 250 psi minimum; ASTM D412, Die C, modified. 
b. Ultimate Elongation: 300 percent minimum; ASTM D412, Die C, modified. 
c. Low-Temperature Flexibility: Pass at minus 20 deg F; ASTM D1970/D1970M. 
d. Crack Cycling: Unaffected after 100 cycles of 1/8-inch movement; 

ASTM C836/C836M. 
e. Puncture Resistance: 40 lbf minimum; ASTM E154/E154M. 
f. Water Absorption: 0.2 percent weight-gain maximum after 48-hour immersion at 70 

deg F; ASTM D570. 
g. Water Vapor Permeance: 0.05 perm maximum; ASTM E96/E96M, Water Method. 
h. Hydrostatic-Head Resistance: 200 feet minimum; ASTM D5385. 

http://www.specagent.com/LookUp/?ulid=1608&mf=04&src=wd
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3. Sheet Strips: Self-adhering, rubberized-asphalt strips of same material and thickness as 
sheet waterproofing. 

2.3 ACCESSORIES 

A. Furnish accessory materials recommended by waterproofing manufacturer for intended use and 
compatible with sheet waterproofing. 
1. Furnish liquid-type accessory materials that comply with VOC limits of authorities having 

jurisdiction. 

B. Protection Course, Asphaltic: ASTM D6506, semirigid sheets of fiberglass or mineral-reinforced-
asphaltic core, pressure laminated between two asphalt-saturated fibrous liners and as follows: 
1. Thickness: Nominal 1/4 inch . 
2. Adhesive: Rubber-based solvent type recommended by waterproofing manufacturer for 

protection course type. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements and other conditions affecting performance of waterproofing. 
1. Verify that concrete has cured and aged for minimum time period recommended in writing 

by waterproofing manufacturer. 
2. Verify that substrate is visibly dry and within the moisture limits recommended in writing by 

manufacturer. Test for capillary moisture by plastic sheet method in accordance with 
ASTM D4263. 

3. Verify that compacted subgrade is dry, smooth, sound, and ready to receive waterproofing 
sheet. 

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

3.2 PREPARATION 

A. Clean, prepare, and treat substrates according to manufacturer's written instructions. Provide 
clean, dust-free, and dry substrates for waterproofing application. 

B. Mask off adjoining surfaces not receiving waterproofing to prevent spillage and overspray 
affecting other construction. 

C. Remove grease, oil, bitumen, form-release agents, paints, curing compounds, and other 
penetrating contaminants or film-forming coatings from concrete. 

D. Remove fins, ridges, mortar, and other projections. 

E. Fill form tie holes, honeycomb, aggregate pockets, holes, and other voids. 

F. Prepare, fill, prime, and treat joints and cracks in substrates. Remove dust and dirt from joints 
and cracks in accordance with ASTM D4258. 
1. Install sheet strips of width according to manufacturer's written instructions and center over 

treated construction and contraction joints and cracks exceeding a width of 1/16 inch . 

G. Bridge and cover isolation joints, expansion joints, and discontinuous deck-to-wall and deck-to-
deck joints with overlapping sheet strips of widths according to manufacturer's written instructions. 
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1. Invert and loosely lay first sheet strip over center of joint. Firmly adhere second sheet strip 
to first and overlap to substrate. 

H. Corners: Prepare, prime, and treat inside and outside corners in accordance with manufacturer's 
instructions. 
1. Install membrane strips centered over vertical inside corners. Install 3/4-inch fillets of liquid 

membrane on horizontal inside corners and as follows: 
a. At footing-to-wall intersections, extend liquid membrane in each direction from 

corner or install membrane strip centered over corner. 
b. At plaza-deck-to-wall intersections, extend liquid membrane or sheet strips onto 

deck waterproofing and to finished height of sheet flashing. 

I. Prepare, treat, and seal vertical and horizontal surfaces at terminations and penetrations through 
waterproofing and at drains and protrusions. 

3.3 INSTALLATION OF SHEET WATERPROOFING 

A. Install modified bituminous sheets according to waterproofing manufacturer's written instructions. 

B. Apply primer to substrates at required rate and allow it to dry. Limit priming to areas that will be 
covered by sheet waterproofing in same day. Reprime areas exposed for more than 24 hours. 

C. Apply and firmly adhere sheets over area to receive waterproofing. Accurately align sheets and 
maintain uniform 2-1/2-inch- minimum lap widths and end laps. Overlap and seal seams, and 
stagger end laps to ensure watertight installation. 
1. When ambient and substrate temperatures range between 25 and 40 deg F, install self-

adhering, modified bituminous sheets produced for low-temperature application. Do not 
use low-temperature sheets if ambient or substrate temperature is higher than 60 deg F. 

D. Two-Ply Application: Install sheets to form a membrane with lap widths not less than 50 percent 
of sheet widths, to provide a minimum of two thicknesses of sheet membrane over areas to 
receive waterproofing. 

E. Horizontal Application: Apply sheets from low to high points of decks to ensure that laps shed 
water. 

F. Apply continuous sheets over already-installed sheet strips, bridging substrate cracks, 
construction, and contraction joints. 

G. Seal edges of sheet waterproofing terminations with mastic . 

H. Install sheet waterproofing and accessory materials to tie into adjacent waterproofing. 

I. Roll waterproofing membrane to firmly adhere to substrate. Roll seams and terminations. 

J. Repair tears, voids, and lapped seams in waterproofing not complying with requirements. Slit and 
flatten fishmouths and blisters. Patch with sheet waterproofing extending 6 inches beyond 
repaired areas in all directions. 

K. Immediately install protection course with butted joints over waterproofing membrane. 

3.4 PROTECTION, REPAIR, AND CLEANING 

A. Do not permit foot or vehicular traffic on unprotected membrane. 



   
 

Northwood University  
Northwoods University Morey Plaza 
OHM PROJECT # 5076-23-0010 

SELF-ADHERING SHEET WATERPROOFING 
07 13 26 - Page 4 of 4 

Issued for Review: 10/26/2023 
 

Copyright © 2023 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International Treaties. 
It was created by "OHM Advisors" for "Northwoods University Morey Plaza".  A valid, current MasterSpec license is required for editing and use of this document for 
any other project.(23956) 

B. Protect waterproofing from damage and wear during remainder of construction period. 

C. Protect installed insulation drainage panels from damage due to UV light, harmful weather 
exposures, physical abuse, and other causes. Provide temporary coverings where insulation is 
subject to abuse and cannot be concealed and protected by permanent construction immediately 
after installation. 

D. Correct deficiencies in or remove waterproofing that does not comply with requirements; repair 
substrates, reapply waterproofing, and repair sheet flashings. 

E. Clean spillage and soiling from adjacent construction using cleaning agents and procedures 
recommended in writing by manufacturer of affected construction. 

END OF SECTION 07 13 26 
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SECTION 22 14 14 - STORM DRAINAGE PIPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. PVC pipe and fittings for building perimeter drainage. 

B. Related Requirements: 

1.2 ACTION SUBMITTALS 

A. Product Data: 
1. PVC pipe and fittings. 

1.3 QUALITY ASSURANCE 

A. Provide materials bearing label, stamp, or other markings of specified testing agency. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Components and installation are to be capable of withstanding the following minimum working 
pressure unless otherwise indicated: 
1. Storm Drainage Piping: 10-foot head of water. 

2.2 PIPING MATERIALS 

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

B. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting 
materials, and joining methods for specific services, service locations, and pipe sizes. 

2.3 PVC PIPE AND FITTINGS 

A. PVC Pipe: 
1. NSF Marking: Comply with NSF 14 for plastic piping components. Include marking with 

"NSF-dwv" for plastic storm drain and "NSF-sewer" for plastic storm sewer piping. 
2. Solid-Wall PVC Pipe: ASTM D2665 drain, waste, and vent. 

B. PVC Socket Fittings: 
1. Standard: ASTM D2665, made in accordance with ASTM D3311, drain, waste, and vent 

patterns and to fit Schedule 40 pipe. 
2. NSF Marking: Comply with NSF 14 for plastic piping components. Include marking with 

"NSF-dwv" for plastic storm drain and "NSF-sewer" for plastic storm sewer piping. 

C. Adhesive Primer: ASTM F656. 

D. Solvent Cement: ASTM D2564. 
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PART 3 - EXECUTION 

3.1 EARTH MOVING 

A. Comply with requirements for excavating, trenching, and backfilling specified in Section 31 20 00 
"Earth Moving." 

3.2 INSTALLATION OF PIPING 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems. 

B. Install piping as indicated unless deviations from layout are approved on coordination drawings. 

C. Install piping in concealed locations. 
1. Piping installed in equipment rooms, service areas, and where indicated may be exposed. 

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated. 

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

F. Install piping to permit valve servicing. 

G. Install piping at indicated slopes. 

H. Install piping free of sags and bends. 

I. Install fittings for changes in direction and branch connections. 

J. Install piping to allow application of insulation. 

K. Make changes in direction for piping using appropriate branches, bends, and long-sweep bends. 
1. Do not change direction of flow more than 90 degrees. 
2. Use proper size of standard increasers and reducers if pipes of different sizes are 

connected. 
a. Reducing size of drainage piping in direction of flow is prohibited. 

L. Lay buried building piping beginning at low point of each system. 
1. Install true to grades and alignment indicated, with unbroken continuity of invert. Place hub 

ends of piping upstream. 
2. Install required gaskets according to manufacturer's written instructions for use of 

lubricants, cements, and other installation requirements. 
3. Maintain swab in piping and pull past each joint as completed. 

M. Install piping at the following minimum slopes unless otherwise indicated. 
1. Building Storm Drain: 1/4 inch per foot downward in direction of flow for piping NPS 3 and 

smaller; 1/8 inch per foot downward in direction of flow for piping NPS 4 and larger. 

N. Install underground PVC piping in accordance with ASTM D2321. 

O. Do not enclose, cover, or put piping into operation until it is inspected and approved by authorities 
having jurisdiction. 

P. Install sleeve seals for piping penetrations of concrete walls and slabs. 
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3.3 JOINT CONSTRUCTION 

A. Plastic, Nonpressure-Piping, Solvent-Cemented Joints: Clean and dry joining surfaces. Join pipe 
and fittings in accordance with the following: 
1. Comply with ASTM F402 for safe-handling practice of cleaners, primers, and solvent 

cements. 
2. PVC Piping: Join in accordance with ASTM D2855 and ASTM D2665 appendices. 

3.4 INSTALLATION OF SUPPORTS 

A. Support horizontal piping and tubing within 12 inches of each fitting and coupling. 

B. Support vertical PVC piping with manufacturer's written instructions, locally enforced codes, and 
authorities having jurisdiction requirements, whichever are most stringent. 

3.5 CONNECTIONS 

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

B. Connect interior storm drainage piping to exterior storm drainage piping as required. Use 
transition fitting to join dissimilar piping materials. 

3.6 PROTECTION 

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

B. Place plugs in ends of uncompleted piping at end of day and when work stops. 

C. Repair damage to adjacent materials caused by storm drainage piping installation. 

3.7 PIPING SCHEDULE 

A. Flanges and unions may be used on aboveground pressure piping unless otherwise indicated. 

B. Underground storm drainage piping shall be the following: 
1.  Solid-wall PVC pipe, PVC socket fittings, and solvent-cemented joints. 

END OF SECTION 22 14 14 
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SECTION 23 05 17 - SLEEVES AND SLEEVE SEALS FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Sleeve-seal systems. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.3 INFORMATIONAL SUBMITTALS 

PART 2 - PRODUCTS 

2.1 SLEEVE-SEAL SYSTEMS 

A. Description: Modular sealing-element unit, designed for field assembly, for filling annular space 
between piping and sleeve. 
1. Designed to form a hydrostatic seal of 20 psig. 
2. Sealing Elements: Nitrile (Buna N) interlocking links shaped to fit surface of pipe. Include 

type and number required for pipe material and size. 
3. Pressure Plates: Stainless steel, Type 316. 
4. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to 

sealing elements. 

PART 3 - EXECUTION 

3.1 INSTALLATION OF SLEEVES - GENERAL 

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

B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to 
provide 1-inch annular clear space between piping and concrete slabs and walls. 
1. Sleeves are not required for core-drilled holes. 

C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls 
are constructed. 
1. Permanent sleeves are not required for holes in slabs formed by molded-PE or -PP 

sleeves. 
2. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception: Extend sleeves installed in floors of mechanical equipment areas or other 
wet areas 2 inches above finished floor level. 

3. Using , seal space outside of sleeves in slabs and walls without sleeve-seal system. 

D. Install sleeves for pipes passing through interior partitions. 
1. Cut sleeves to length for mounting flush with both surfaces. 
2. Install sleeves that are large enough to provide 1/4-inch annular clear space between 

sleeve and pipe or pipe insulation. 
3. Seal annular space between sleeve and piping or piping insulation; use sealants 

appropriate for size, depth, and location of joint. 
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3.2 INSTALLATION OF SLEEVE-SEAL SYSTEMS 

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service 
piping entries into building, and passing through exterior walls. 

B. Select type, size, and number of sealing elements required for piping material and size and for 
sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration, assemble 
sleeve-seal-system components, and install in annular space between piping and sleeve. Tighten 
bolts against pressure plates that cause sealing elements to expand and make a watertight seal. 

END OF SECTION 23 05 17
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SECTION 23 05 19 - 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 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Liquid-in-glass thermometers. 
2. Thermowells. 
3. Dial-type pressure gages. 
4. Gage attachments. 
5. Test plugs. 
6. Test-plug kits. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

PART 2 - PRODUCTS 

2.1 LIQUID-IN-GLASS THERMOMETERS 

A. Metal-Case, Compact-Style, Liquid-in-Glass Thermometers: 
1. Standard: ASME B40.200. 
2. Case: Cast aluminum ; 6-inch nominal size. 
3. Case Form: Back angle unless otherwise indicated. 
4. Tube: Glass with magnifying lens and blue  or red organic liquid. 
5. Tube Background: Nonreflective aluminum with permanently etched scale markings 

graduated in deg F . 
6. Window: Glass or plastic. 
7. Stem: Aluminum or brass and of length to suit installation. 

a. Design for Air-Duct Installation: With ventilated shroud. 
b. Design for Thermowell Installation: Bare stem. 

8. Connector: 3/4 inch, with ASME B1.1 screw threads. 
9. Accuracy: Plus or minus 1 percent of scale range or one scale division, to a maximum of 

1.5 percent of scale range. 

2.2 THERMOWELLS 

A. Thermowells: 
1. Standard: ASME B40.200. 
2. Description: Pressure-tight, socket-type fitting made for insertion in piping tee fitting. 
3. Material for Use with Copper Tubing: CNR . 
4. Material for Use with Steel Piping: CRES . 
5. Type: Stepped shank unless straight or tapered shank is indicated. 
6. External Threads: NPS 1/2, NPS 3/4, or NPS 1, ASME B1.20.1 pipe threads. 
7. Internal Threads: 1/2, 3/4, and 1 inch, with ASME B1.1 screw threads. 
8. Bore: Diameter required to match thermometer bulb or stem. 
9. Insertion Length: Length required to match thermometer bulb or stem. 
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10. Lagging Extension: Include on thermowells for insulated piping and tubing. 
11. Bushings: For converting size of thermowell's internal screw thread to size of thermometer 

connection. 

B. Heat-Transfer Medium: Mixture of graphite and glycerin . 

2.3 DIAL-TYPE PRESSURE GAGES 

A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages: 
1. Standard: ASME B40.100. 
2. Case: Liquid-filled type(s); cast aluminum or drawn steel ; 4-1/2-inch nominal diameter. 
3. Pressure-Element Assembly: Bourdon tube unless otherwise indicated. 
4. Pressure Connection: Brass, with NPS 1/4 or NPS 1/2 , ASME B1.20.1 pipe threads and 

bottom-outlet type unless back-outlet type is indicated. 
5. Movement: Mechanical, with link to pressure element and connection to pointer. 
6. Dial: Nonreflective aluminum with permanently etched scale markings graduated in psi . 
7. Pointer: Dark-colored metal. 
8. Window: Glass or plastic . 
9. Ring: Stainless steel. 
10. Accuracy: Grade B, plus or minus 2 percent of middle half of scale range. 

2.4 TEST PLUGS 

A. Description: Test-station fitting made for insertion in piping tee fitting. 

B. Body: Brass or stainless steel with core inserts and gasketed and threaded cap. Include extended 
stem on units to be installed in insulated piping. 

C. Thread Size: NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe thread. 

D. Minimum Pressure and Temperature Rating: 500 psig at 200 deg F . 

E. Core Inserts: EPDM self-sealing rubber. 

2.5 TEST-PLUG KITS 

A. Furnish one test-plug kit(s) containing one thermometer(s), one pressure gage and adapter, and 
carrying case. Thermometer sensing elements, pressure gage, and adapter probes shall be of 
diameter to fit test plugs and of length to project into piping. 

B. High-Range Thermometer: Small, bimetallic insertion type with 1- to 2-inch- diameter dial and 
tapered-end sensing element. Dial range shall be at least 0 to 220 deg F . 

C. Carrying Case: Metal or plastic, with formed instrument padding. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install thermowells with socket extending a minimum of 2 inches into fluid and in vertical position 
in piping tees. 

B. Install thermowells of sizes required to match thermometer connectors. Include bushings if 
required to match sizes. 
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C. Install thermowells with extension on insulated piping. 

D. Fill thermowells with heat-transfer medium. 

E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions. 

F. Install remote-mounted thermometer bulbs in thermowells and install cases on panels; connect 
cases with tubing and support tubing to prevent kinks. Use minimum tubing length. 

G. Install duct-thermometer mounting brackets in walls of ducts. Attach to duct with screws. 

H. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at the 
most readable position. 

I. Install remote-mounted pressure gages on panel. 

J. Install valve and snubber in piping for each pressure gage for fluids  

K. Install test plugs in piping tees. 

L. Install flow indicators in piping systems in accessible positions for easy viewing. 

M. Assemble and install connections, tubing, and accessories between flow-measuring elements 
and flowmeters according to manufacturer's written instructions. 

N. Install permanent indicators on walls or brackets in accessible and readable positions. 

O. Install connection fittings in accessible locations for attachment to portable indicators. 

P. Install thermometers in the following locations: 
1. Inlet and outlet of each heat exchanger. 

Q. Install pressure gages in the following locations: 
1. Suction and discharge of each pump. 

3.2 CONNECTIONS 

A. Install meters and gages adjacent to machines and equipment to allow space for service and 
maintenance of meters, gages, machines, and equipment. 

B. Connect thermal-energy meter transmitters to meters. 

3.3 ADJUSTING 

A. After installation, calibrate meters according to manufacturer's written instructions. 

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

3.4 THERMOMETER SCHEDULE 

A. Thermometers at inlet and outlet of each hydronic zone shall be the following: 
1.  Compact -style, liquid-in-glass type. 

B. Thermometers at inlet and outlet of each hydronic boiler shall be the following: 
1.  Compact -style, liquid-in-glass type. 
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2. Test plug with EPDM self-sealing rubber inserts. 

C. Thermometers at inlet and outlet of each hydronic coil in air-handling units and built-up central 
systems shall be the following: 
1.  Compact -style, liquid-in-glass type. 

D. Thermometer stems shall be of length to match thermowell insertion length. 

3.5 THERMOMETER SCALE-RANGE SCHEDULE 

A. Scale Range for Heating, Hot-Water Piping: 0 to 250 deg F . 

3.6 PRESSURE-GAGE SCHEDULE 

A. Pressure gages at suction and discharge of each pump shall be the following: 
1.  Liquid-filled , direct -mounted, metal case. 
2. Test plug with EPDM self-sealing rubber inserts. 

3.7 PRESSURE-GAGE SCALE-RANGE SCHEDULE 

A. Scale Range for Heating, Hot-Water Piping: 0 to 100 psi . 

END OF SECTION 23 05 19
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SECTION 23 05 23.12 - BALL VALVES FOR HVAC PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Brass ball valves. 

1.3 DEFINITIONS 

A. CWP: Cold working pressure. 

B. SWP: Steam working pressure. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of valve. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 
1. Protect internal parts against rust and corrosion. 
2. Protect threads, flange faces, and weld ends. 
3. Set ball valves open to minimize exposure of functional surfaces. 

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 operating 
handles or stems as lifting or rigging points. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR VALVES 

A. Source Limitations for Valves: Obtain each type of valve from single source from single 
manufacturer. 

B. ASME Compliance: 
1. ASME B1.20.1 for threads for threaded-end valves. 
2. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria. 
3. ASME B16.18 for solder-joint connections. 
4. ASME B31.1 for power piping valves. 
5. ASME B31.9 for building services piping valves. 
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C. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with 
copper alloy (brass) containing more than 15 percent zinc are not permitted. 

D. Refer to HVAC valve schedule articles for applications of valves. 

E. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system 
pressures and temperatures. 

F. Valve Sizes: Same as upstream piping unless otherwise indicated. 

G. Valve Actuator Types: 
1. Handlever: For quarter-turn valves smaller than NPS 4 . 

H. Valves in Insulated Piping: 
1. Include 2-inch stem extensions. 
2. Extended operating handle of nonthermal-conductive material, and protective sleeves that 

allow operation of valves without breaking the vapor seals or disturbing insulation. 
3. Memory stops that are fully adjustable after insulation is applied. 

I. Valve Bypass and Drain Connections: MSS SP-45. 

2.2 BRASS BALL VALVES 

A. Brass Ball Valves, One-Piece: 
1. Description: 

a. Standard: MSS SP-110. 
b. CWP Rating: 400 psig. 
c. Body Design: One piece. 
d. Body Material: Forged brass. 
e. Ends: Threaded. 
f. Seats: PTFE. 
g. Stem: Brass. 
h. Ball: Chrome-plated brass. 
i. Port: Reduced. 

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. 

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

A. Install valves with unions 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 valve tags. Comply with requirements in Section 23 05 53 "Identification for HVAC Piping 
and Equipment" for valve tags and schedules. 

3.3 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS 

A. If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves 
with higher SWP classes or CWP ratings may be substituted. 

B. Select valves with the following end connections: 
1. For Copper Tubing, NPS 2 and Smaller: Threaded ends except where solder-joint valve-

end option or press-end option is indicated in valve schedules below. 
2. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged ends except where threaded valve-end 

option is indicated in valve schedules below. 
3. For Steel Piping, NPS 2 and Smaller: Threaded ends. 
4. For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends except where threaded valve-end 

option is indicated in valve schedules below. 

3.4 HEATING-WATER VALVE SCHEDULE 

A. Pipe NPS 2 and Smaller: Brass ball valves, piece with trim, full port, threaded -joint ends. 

END OF SECTION 23 05 23.12
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SECTION 23 05 29 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Metal pipe hangers and supports. 
2. Fastener systems. 

PART 2 - PRODUCTS 

2.1 METAL PIPE HANGERS AND SUPPORTS 

A. Carbon-Steel Pipe Hangers and Supports: 
1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 
2. Galvanized Metallic Coatings: Pregalvanized, hot-dip galvanized, or electro-galvanized. 
3. Nonmetallic Coatings: Plastic coated, or epoxy powder-coated. 
4. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to support 

bearing surface of piping. 
5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel . 

2.2 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. 

B. Mechanical-Expansion Anchors: Insert-wedge-type anchors for use in hardened portland cement 
concrete; with pull-out, tension, and shear capacities appropriate for supported loads and building 
materials where used. 
1. Indoor Applications: Zinc-coated steel. 

2.3 MATERIALS 

A. Carbon Steel: ASTM A1011/A1011M. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. 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 
. 
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3.2 HANGER AND SUPPORT INSTALLATION 

A. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, clamps, and 
attachments as required to properly support piping from the building structure. 

B.  Framing System Installation: Arrange for grouping of parallel runs of piping, and support together 
on field-assembled strut systems. 

C. Fastener System Installation: 
1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less 

than 4 inches thick in concrete after concrete is placed and completely cured. Use 
operators that are licensed by powder-actuated tool manufacturer. Install fasteners 
according to powder-actuated tool manufacturer's operating manual. 

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

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

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

F. Install lateral bracing with pipe hangers and supports to prevent swaying. 

G. Install building attachments within concrete slabs or attach to structural steel. Install additional 
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger 
and at changes in direction of piping. Install concrete inserts before concrete is placed; fasten 
inserts to forms and install reinforcing bars through openings at top of inserts. 

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

I. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed 
maximum pipe deflections allowed by ASME B31.9 for building services piping. 

J. Insulated Piping: 
1. Attach clamps and spacers to piping. 

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

b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield insert 
with clamp sized to match OD of insert. 

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services piping. 
2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is 

indicated. Fill interior voids with insulation that matches adjoining insulation. 
a. Option: Thermal-hanger shield inserts may be used. Include steel weight-distribution 

plate for pipe NPS 4 and larger if pipe is installed on rollers. 
3. Shield Dimensions for Pipe: Not less than the following: 

a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick. 
b. NPS 4: 12 inches long and 0.06 inch thick. 

3.3 METAL FABRICATIONS 

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers . 
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B. Fit exposed connections together to form hairline joints. Field weld connections that cannot be 
shop welded because of shipping size limitations. 

C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; 
appearance and quality of welds; and methods used in correcting welding work; and with the 
following: 
1. Use materials and methods that minimize distortion and develop strength and corrosion 

resistance of base metals. 
2. Obtain fusion without undercut or overlap. 
3. Remove welding flux immediately. 
4. Finish welds at exposed connections so no roughness shows after finishing and so 

contours of welded surfaces match adjacent contours. 

3.4 ADJUSTING 

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

B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches . 

3.5 PAINTING 

A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately 
after erecting hangers and supports. Use same materials as used for shop painting. Comply with 
SSPC-PA 1 requirements for touching up field-painted surfaces. 
1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils. 

B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A780/A780M. 

3.6 HANGER AND SUPPORT SCHEDULE 

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

B. Comply with MSS SP-58 for pipe-hanger selections and applications that are not specified in 
piping system Sections. 

C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will 
not have field-applied finish. 

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 
direct contact with copper tubing. 

E. Use carbon-steel pipe hangers and supports and and attachments for general service 
applications. 

F. Use padded hangers for piping that is subject to scratching. 

G. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in 
piping system Sections, install the following types: 
1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or 

insulated, stationary pipes NPS 1/2 to NPS 30. 
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H. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 
1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to 

NPS 24. 

I. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 
1. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations. 

J. 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. 

K. 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. Thermal-Hanger Shield Inserts: For supporting insulated pipe. 

L. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are not 
specified in piping system Sections. 

M. Comply with MFMA-103 for metal framing system selections and applications that are not 
specified in piping system Sections. 

N. Use powder-actuated fasteners or mechanical-expansion anchors instead of building 
attachments where required in concrete construction. 

END OF SECTION 23 05 29
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SECTION 23 05 53 - 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. Pipe labels. 
3. Valve tags. 

PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Plastic Labels for Equipment: 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Brady Corporation. 
b. Brimar Industries, Inc. 
c. Craftmark Pipe Markers. 

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

3. Letter Color: White . 
4. Background Color: Black . 
5. Maximum Temperature: Able to withstand temperatures up to 160 deg F. 
6. Minimum Label Size: Length and width vary for required label content, but not less than 2-

1/2 by 3/4 inch. 
7. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 

1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for 
greater viewing distances. Include secondary lettering two-thirds to three-quarters the size 
of principal lettering. 

8. Fasteners: Stainless-steel rivets or self-tapping screws. 
9. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate. 

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

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

http://www.specagent.com/LookUp/?ulid=9463&mf=04&src=wd
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2.2 PIPE LABELS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Brady Corporation. 
2. Brimar Industries, Inc. 
3. Craftmark Pipe Markers. 

B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering 
indicating service, and showing flow direction according to ASME A13.1. 

C. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to partially cover circumference of 
pipe and to attach to pipe without fasteners or adhesive. 

D. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing. 

E. Pipe Label Contents: Include identification of piping service using same designations or 
abbreviations as used on Drawings; also include pipe size and an arrow indicating flow direction. 
1. Flow-Direction Arrows: Integral with piping system service lettering to accommodate both 

directions or as separate unit on each pipe label to indicate flow direction. 
2. Lettering Size: Size letters according to ASME A13.1 for piping . 

2.3 VALVE TAGS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Brady Corporation. 
2. Brimar Industries, Inc. 
3. Craftmark Pipe Markers. 

B. Description: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-
inch numbers. 
1. Tag Material: aluminum, 0.032-inch minimum thickness, and having predrilled or stamped 

holes for attachment hardware. 
2. Fasteners: Brass wire-link chain or beaded chain . 

C. Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate valve 
number, piping system, system abbreviation (as shown on valve tag), location of valve (room or 
space), normal-operating position (open, closed, or modulating), and variations for identification. 
Mark valves for emergency shutoff and similar special uses. 
1. Valve-tag schedule shall be included in operation and maintenance data. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces of substances that could impair bond of identification 
devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and 
encapsulants. 

3.2 GENERAL INSTALLATION REQUIREMENTS 

A. Coordinate installation of identifying devices with completion of covering and painting of surfaces 
where devices are to be applied. 

http://www.specagent.com/LookUp/?ulid=9465&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=9467&mf=04&src=wd
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B. Coordinate installation of identifying devices with locations of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 

3.3 EQUIPMENT LABEL INSTALLATION 

A. Install or permanently fasten labels on each major item of mechanical equipment. 

B. Locate equipment labels where accessible and visible. 

3.4 PIPE LABEL INSTALLATION 

A. Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings in 
finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and 
plenums; and exterior exposed locations as follows: 
1. Near each valve and control device. 
2. Near each branch connection, excluding short takeoffs for fixtures and terminal units. 

Where flow pattern is not obvious, mark each pipe at branch. 
3. Near penetrations and on both sides of through walls, floors, ceilings, and inaccessible 

enclosures. 
4. 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. 

B. Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes, including pipes 
where flow is allowed in both directions. 

C. Pipe Label Color Schedule: 
1. Heating Water Piping: White letters on a safety-green background . 

3.5 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check valves, valves within 
factory-fabricated equipment units, shutoff valves, faucets, convenience and lawn-watering hose 
connections, and HVAC terminal devices and similar roughing-in connections of end-use fixtures 
and units. List tagged valves in a valve schedule. 

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

a. Hot Water: 1-1/2 inches , round . 
2. Valve-Tag Colors: 

a. Defined by User: White letters on a safety-purple background, black letters on a 
safety-white background, white letters on a safety-gray background, and white 
letters on a safety-black background 

END OF SECTION 23 05 53
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SECTION 23 05 93 - 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. Testing, Adjusting, and Balancing of Hydronic Piping Systems: 

a. Constant-flow hydronic systems. 
2. Testing, adjusting, and balancing of equipment. 
3. Testing, adjusting, and balancing of existing HVAC systems and equipment. 

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 independent entity meeting qualifications to perform TAB work. 

F. TDH: Total dynamic head. 

G. UFAD: Underfloor air distribution. 

1.4 INFORMATIONAL SUBMITTALS 

A. Certified TAB reports. 

1.5 QUALITY ASSURANCE 

A. TAB Specialists Qualifications, Certified by NEBB : 
1. TAB Field Supervisor: Employee of the TAB specialist and certified by NEBB . 
2. TAB Technician: Employee of the TAB specialist and certified by NEBB . 

B. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in 
ASHRAE 111, Section 4, "Instrumentation." 

C. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6.7.2.3 - 
"System Balancing." 

D. Code and AHJ Compliance: TAB is required to comply with governing codes and requirements 
of authorities having jurisdiction. 
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1.6 FIELD 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. 

B. Partial Owner Occupancy: Owner may occupy completed areas of building before Substantial 
Completion. Cooperate with Owner during TAB operations to minimize conflicts with Owner's 
operations. 

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. 

B. Examine installed systems for balancing devices, such as test ports, gauge cocks, thermometer 
wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify that 
locations of these balancing devices are applicable for intended purpose and 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 temporary and permanent strainers. Verify that temporary strainer screens used during 
system cleaning and flushing have been removed and permanent strainer baskets are installed 
and clean. 

I. Examine control valves for proper installation for their intended function of isolating, throttling, 
diverting, or mixing fluid flows. 

J. Examine system pumps to ensure absence of entrained air in the suction piping. 
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K. 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 the following: 
1. Equipment and systems to be tested. 
2. Strategies and step-by-step procedures for balancing the systems. 
3. Instrumentation to be used. 
4. Sample forms with specific identification for all equipment. 

B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness 
for TAB work. Include, at a minimum, the following: 
1. Hydronics: 

a. Verify leakage and pressure tests on water distribution systems have been 
satisfactorily completed. 

b. Piping is complete with terminals installed. 
c. Water treatment is complete. 
d. Systems are flushed, filled, and air purged. 
e. Strainers are pulled and cleaned. 
f. Pumps are started and proper rotation is verified. 
g. Pump gauge connections are installed directly at pump inlet and outlet flanges or in 

discharge and suction pipe prior to valves or strainers. 
h. Suitable access to balancing devices and equipment is provided. 

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system in accordance with the procedures 
contained in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of 
Environmental Systems" and in this Section. 

B. Cut insulation, ducts, pipes, and equipment casings for installation of test probes to the minimum 
extent necessary for TAB procedures. 
1. After testing and balancing, patch probe holes in ducts with same material and thickness 

as used to construct ducts. 
2. Where holes for probes are required in piping or hydronic equipment, install pressure and 

temperature test plugs to seal systems. 

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 TESTING, ADJUSTING, AND BALANCING OF HVAC EQUIPMENT 

A. Test, adjust, and balance HVAC equipment indicated on Drawings, including, but not limited to, 
the following: 
1. Pumps. 
2. Heat exchangers. 
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3.5 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports for pumps, coils, and other equipment. Obtain approved submittals and 
manufacturer-recommended testing procedures. Crosscheck the summation of required coil and 
equipment flow rates with pump design flow rate. 

B. Prepare schematic diagrams of systems' Record drawings piping layouts. 

C. In addition to requirements in "Preparation" Article, prepare hydronic systems for testing and 
balancing as follows: 
1. Check expansion tank for proper setting. 
2. Check highest vent for adequate pressure. 
3. Check flow-control valves for proper position. 
4. Locate start-stop and disconnect switches, electrical interlocks, and motor controllers. 
5. Verify that motor controllers are equipped with properly sized thermal protection. 
6. Check that air has been purged from the system. 

D. Measure and record upstream and downstream pressure of each piece of equipment. 

E. Measure and record upstream and downstream pressure of pressure-reducing valves. 

F. Check settings and operation of automatic temperature-control valves, self-contained control 
valves, and pressure-reducing valves. Record final settings. 
1. Check settings and operation of each safety valve. Record settings. 

3.6 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS 

A. Adjust pumps to deliver total design flow. 
1. Measure total water flow. 

a. Position valves for full flow through coils. 
b. Measure flow by main flow meter, if installed. 
c. If main flow meter is not installed, determine flow by pump TDH or known equipment 

pressure drop. 
2. Measure pump TDH as follows: 

a. Measure discharge pressure directly at the pump outlet flange or in discharge pipe 
prior to any valves. 

b. Measure inlet pressure directly at the pump inlet flange or in suction pipe prior to 
any valves or strainers. 

c. Convert pressure to head and correct for differences in gauge heights. 
d. Verify pump impeller size by measuring the TDH with the discharge valve closed. 

Note the point on manufacturer's pump curve at zero flow, and verify that the pump 
has the intended impeller size. 

e. With valves open, read pump TDH. Adjust pump discharge valve until design water 
flow is achieved. If excessive throttling is required to achieve desired flow, 
recommend pump impellers be trimmed to reduce excess throttling. 

3. Monitor motor performance during procedures, and do not operate motor in an overloaded 
condition. 

B. Adjust flow-measuring devices installed in mains and branches to design water flows. 
1. Measure flow in main and branch pipes. 
2. Adjust main and branch balance valves for design flow. 
3. Re-measure each main and branch after all have been adjusted. 

C. Adjust flow-measuring devices installed at terminals for each space to design water flows. 
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1. Adjust each terminal to design flow. 
2. Re-measure each terminal after it is adjusted. 
3. Position control valves to bypass the coil, and adjust the bypass valve to maintain design 

flow. 

D. For systems with pressure-independent valves at terminals: 
1. Measure differential pressure and verify that it is within manufacturer's specified range. 
2. Perform temperature tests after flows have been verified. 

E. For systems without pressure-independent valves or flow-measuring devices at terminals: 
1. Measure and balance coils by either coil pressure drop or temperature method. 
2. If balanced by coil pressure drop, perform temperature tests after flows have been verified. 

F. Verify final system conditions as follows: 
1. Re-measure and confirm that total water flow is within design. 
2. Re-measure final pumps' operating data, TDH, volts, amps, and static profile. 
3. Mark final settings. 

G. Verify that memory stops have been set. 

3.7 PROCEDURES FOR WATER-TO-WATER HEAT EXCHANGERS 

A. Adjust and record water flow to within specified tolerances. 

B. Measure and record inlet and outlet water temperatures. 

C. Measure and record pressure drop. 

D. Check and record settings and operation of safety and relief valves. 

3.8 TOLERANCES 

A. Set HVAC system's airflow rates and water flow rates within the following tolerances: 
1. Heating-Water Flow Rate: Plus or minus 10 percent . If design value is less than 10 gpm, 

within 10 percent. 

B. Maintaining pressure relationships as designed shall have priority over the tolerances specified 
above. 

3.9 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. 
3. Certify validity and accuracy of field data. 

B. Final Report Contents: In addition to certified field-report data, include the following: 
1. Pump curves. 

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 specialist. 
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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. 

D. System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present 
each system with single-line diagram and include the following: 
1. Water flow rates. 

E. 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 speed. 
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. 
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3.10 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 23 05 93
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SECTION 23 07 19 - HVAC PIPING 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 insulation for HVAC piping systems. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. Include thermal conductivity, water-vapor permeance 
thickness, and jackets (both factory and field applied if any). 

1.4 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. 

1.5 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Section 23 05 29 "Hangers and Supports for HVAC Piping and Equipment." 

B. Coordinate clearance requirements with piping Installer for piping insulation application. Before 
preparing piping Shop Drawings, establish and maintain clearance requirements for installation 
of insulation and field-applied jackets and finishes and for space required for maintenance. 

C. Coordinate installation and testing of heat tracing. 

1.6 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 "Piping Insulation Schedule, General," "Indoor Piping Insulation 
Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground 
Piping Insulation Schedule" articles for where insulating materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 
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C. Products that come into contact with stainless steel shall have a leachable chloride content of 
less than 50 ppm when tested in accordance with ASTM C871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable in 
accordance with ASTM C795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing 
process. 

F. Cellular Glass: Inorganic, incombustible, foamed or cellulated glass with annealed, rigid, 
hermetically sealed cells. Comply with ASTM C552. 
1. Preformed Pipe Insulation with Jacket: Type II, Class 2, with factory-applied ASJ jacket. 
2. Factory fabricate shapes in accordance with ASTM C450 and ASTM C585. 
3. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article. 

2.2 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 C1136, Type I. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation tolerances 
and other conditions affecting performance of insulation application. 
1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 

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

3.2 PREPARATION 

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

B. Clean and prepare surfaces to be insulated. Before insulating, apply a corrosion coating to 
insulated surfaces as follows: 
1. Carbon Steel: Coat carbon steel operating at a service temperature of 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 tradesman installing heat tracing. Comply with 
requirements for heat tracing that apply to insulation. 

D. Mix insulating cements with clean potable water; if insulating cements are to be in contact with 
stainless steel surfaces, use demineralized water. 

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 piping, including fittings, valves, and specialties. 
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B. Install insulation materials, forms, vapor barriers or retarders, jackets, and of thicknesses required 
for each item of 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 storage, application, and finishing. Replace insulation 
materials that get wet. 

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 attached to structure with vapor-barrier mastic. 

3. Install insert materials and 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. 

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, in accordance with insulation material manufacturer's 
written instructions, to maintain vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at 
ends adjacent to pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation more than 25 percent of its nominal 
thickness. 

N. Finish installation with systems at operating conditions. Repair joint separations and cracking due 
to thermal movement. 
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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 in similar 
fashion 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. 

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. 

B. Insulation Installation at Underground Exterior Wall Penetrations: Terminate insulation flush with 
sleeve seal. Seal terminations with flashing sealant. 

C. 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. 

D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated): Install 
insulation continuously through walls and partitions. 

E. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation continuously 
through penetrations of fire-rated walls and partitions. 

F. Insulation Installation at Floor Penetrations: 
1. Pipe: Install insulation continuously through floor penetrations. 

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, Mechanical Couplings, and Unions: 
1. Install insulation over fittings, valves, strainers, flanges, mechanical couplings, unions, and 

other specialties with continuous thermal and vapor-retarder integrity unless otherwise 
indicated. 
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2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from same 
material and density as that of 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 that 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 that used for adjacent pipe. Overlap adjoining pipe 
insulation by not less than 2 times the thickness of pipe insulation, or one pipe 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 that used for adjacent pipe. Overlap adjoining pipe 
insulation by not less than 2 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, mechanical couplings, and unions using a section of oversized preformed 
pipe insulation to fit. Overlap adjoining pipe insulation by not less than 2 times the thickness 
of pipe insulation, or one pipe diameter, whichever is thicker. Stencil or label the outside 
insulation jacket of each union with the word "union" matching size and color of pipe labels. 

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 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. 

C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, 
test connections, flow meters, sensors, switches, and transmitters on insulated pipes. 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 that of adjoining pipe 
insulation. 

2. When flange and union covers are made from sectional pipe insulation, extend insulation 
from flanges or union at least 2 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. 
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5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed surfaces 
with a metal jacket. 

3.6 INSTALLATION OF CELLULAR-GLASS INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 
1. Secure each layer of 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 services, secure laps with 

outward-clinched staples at 6 inches o.c. 
4. For insulation with factory-applied jackets on below-ambient services, do not staple 

longitudinal tabs. Instead, 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. 
3. Fill voids between inner circumference of flange insulation and outer circumference of 

adjacent straight pipe segments with cut sections of cellular-glass block insulation of same 
thickness as that of pipe 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 that of straight segments of pipe insulation 

when available. Secure according to manufacturer's written instructions. 
2. When preformed sections of insulation are not available, install mitered sections of cellular-

glass insulation. Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed sections of cellular-glass insulation to valve body. 
2. 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. 

3.7 FINISHES 

A. Insulation with ASJ 
1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket material 

and finish coat paint. Add fungicidal agent to render fabric mildew proof. 
a. Finish Coat Material: Interior, flat, latex-emulsion size. 

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

C. Do not field paint aluminum or stainless steel jackets. 

3.8 PIPING INSULATION SCHEDULE, GENERAL 

A. Insulation conductivity and thickness per pipe size shall comply with schedules in this Section or 
with requirements of authorities having jurisdiction, whichever is more stringent. 
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B. 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. 

3.9 INDOOR PIPING INSULATION SCHEDULE 

A. Heating-Hot-Water Supply and Return, 200 Deg F and Below: 
1. NPS 12 and Smaller: Insulation shall be the following: 

a. Cellular Glass: 1-1/2 inches thick. 

3.10 OUTDOOR, UNDERGROUND, PIPING INSULATION SCHEDULE 

A. Insulation for belowground piping is specified in Section 23 21 13.13 "Underground Hydronic 
Piping"  

3.11 INDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material. For insulation with factory-applied jacket, install the field-
applied jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Piping, Concealed: 
1.  PVC : 20 mils thick. 

D. Piping, Exposed: 
1.  PVC : 20 mils thick. 

END OF SECTION 23 07 19
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SECTION 23 21 13 - 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. Section Includes: 
1. Copper tube and fittings. 
2. Steel pipe and fittings. 
3. Joining materials. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of the following: 
1. Pipe and tube. 
2. Fittings. 
3. Joining materials. 

1.4 QUALITY ASSURANCE 

A. Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure Vessel 
Code: Section IX. 
1. Comply with ASME B31.9, "Building Services Piping," for materials, products, and 

installation. 
2. Certify that each welder has passed AWS qualification tests for welding processes involved 

and that certification is current. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Hydronic piping components and installation shall be capable of withstanding the following 
minimum working pressure and temperature unless otherwise indicated: 
1. Hot-Water Heating Piping: 100 psig at 200 deg F . 

2.2 COPPER TUBE AND FITTINGS 

A. Drawn-Temper Copper Tube: ASTM B88, Type L and ASTM B88, Type M. 

B. Annealed-Temper Copper Tube: ASTM B88, Type K . 

C. DWV Copper Tube: ASTM B306, Type DWV. 

D. Cast-Copper, Solder-Joint Fittings: ASME B16.18, pressure fittings. 

E. Wrought-Copper, Solder-Joint Fittings: ASME B16.22, pressure fittings. 
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2.3 STEEL PIPE AND FITTINGS 

A. Steel Pipe: ASTM A53/A53M, black steel with plain ends; welded and seamless, Grade B, and 
wall thickness as indicated in "Piping Applications" Article. 

B. Malleable-Iron Threaded Fittings: ASME B16.3, Classes 150 and 300 as indicated in "Piping 
Applications" Article. 

C. Cast-Iron Pipe Flanges and Flanged Fittings: ASME B16.1, Classes 25, 125, and 250; raised 
ground face, and bolt holes spot faced as indicated in "Piping Applications" Article. 

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 

otherwise indicated. 
a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges. 
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges. 

B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated. 

C. Solder Filler Metals: ASTM B32, lead-free alloys. Include water-flushable flux according to 
ASTM B813. 

D. 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. 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

A. Hot-water heating piping, aboveground, NPS 2 and smaller , shall be  any of the following: 
1. Type L , drawn-temper copper tubing, wrought-copper fittings, and soldered joints. 
2.  Schedule 40 , Grade B steel pipe; Class 150, malleable-iron fittings; cast-iron flanges and 

flange fittings; and threaded joints. 

B. Hot-water heating piping, aboveground, NPS 2-1/2 and larger , shall be  any of the following: 
1. Type L , drawn-temper copper tubing, wrought-copper fittings, and soldered joints. 
2.  Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges and 

flange fittings, and welded and flanged joints. 
3.  Schedule 40 steel pipe; grooved, mechanical joint coupling and fittings; and grooved, 

mechanical joints. 

3.2 INSTALLATION OF PIPING 

A. 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. 

B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 
and service areas. 
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C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated 
otherwise. 

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

E. Install piping to permit valve servicing. 

F. Install piping at indicated slopes. 

G. Install piping free of sags and bends. 

H. Install fittings for changes in direction and branch connections. 

I. Install piping to allow application of insulation. 

J. Select system components with pressure rating equal to or greater than system operating 
pressure. 

K. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing 
of valves. 

L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple 
with cap, at low points in piping system mains and elsewhere as required for system drainage. 

M. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 

N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 

O. Install branch connections to mains using mechanically formed tee fittings in main pipe, with the 
branch connected to the bottom of the main pipe. For up-feed risers, connect the branch to the 
top of the main pipe. 

P. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment, 
and elsewhere as indicated. 

Q. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere 
as indicated. 

R. Install shutoff valve immediately upstream of each dielectric fitting. 

S. Comply with requirements in Section 23 05 53 "Identification for HVAC Piping and Equipment" 
for identifying piping. 

T. Install sleeves for piping penetrations of walls, ceilings, and floors.  

U. Install sleeve seals for piping penetrations of concrete walls and slabs.  

V. Install escutcheons for piping penetrations of walls, ceilings, and floors.  

3.3 JOINT CONSTRUCTION 

A. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe. 

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly. 
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C. Soldered Joints: Apply ASTM B813, water-flushable flux, unless otherwise indicated, to tube end. 
Construct joints according to ASTM B828 or CDA's "Copper Tube Handbook," using lead-free 
solder alloy complying with ASTM B32. 

D. 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. 

E. Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified processes 
and welding operators according to "Quality Assurance" Article. 

F. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service 
application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads. 

G. Mechanically Formed, Copper-Tube-Outlet Joints: Use manufacturer-recommended tools and 
procedure, and brazed joints. 

3.4 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements in Section 23 05 29 "Hangers and Supports for HVAC Piping and 
Equipment" for hangers, supports, and anchor devices. 

B. Install hangers for copper tubing and steel piping, with maximum horizontal spacing and minimum 
rod diameters, to comply with MSS-58, locally enforced codes, and authorities having jurisdiction 
requirements, whichever are most stringent. 

C. Install hangers for plastic piping, with maximum horizontal spacing and minimum rod diameters, 
to comply with manufacturer's written instructions, locally enforced codes, and authorities having 
jurisdiction requirements, whichever are most stringent. 

D. Support horizontal piping within 12 inches of each fitting and coupling. 

E. Support vertical runs of copper tubing and steel piping to comply with MSS-58, locally enforced 
codes, and authorities having jurisdiction requirements, whichever are most stringent. 

3.5 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. 

3.6 CHEMICAL TREATMENT 

A. Fill system with fresh water and add liquid alkaline compound with emulsifying agents and 
detergents to remove grease and petroleum products from piping. Circulate solution for a 
minimum of 24 hours, drain, clean strainer screens, and refill with fresh water. 
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B. Add initial chemical treatment and maintain water quality in ranges noted above for the first year 
of operation. 

C. Fill systems that have antifreeze or glycol solutions with the following concentrations: 
1. Hot-Water Heating Piping: Minimum of 50 percent propylene glycol. 

3.7 IDENTIFICATION 

A. Identify system components. Comply with requirements for identification materials and installation 
in Section 23 05 53 "Identification for HVAC Piping and Equipment." 

END OF SECTION 23 21 13
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SECTION 23 21 13.13 - UNDERGROUND 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. Section includes the following underground hydronic piping: 
1. PEX tube and fittings. 

1.3 DEFINITIONS 

A. Invert: Vertical distance from Project datum reference point to bottom interior pipe surface. 

B. Reinforced, Thermosetting Resin Fitting (RTRF): Fittings fabricated of composite materials, 
largely consisting of a reinforcement material embedded in, or surrounded by, cured 
thermosetting resin. Most common form of reinforced, thermosetting resin pipe is one in which 
fiberglass strands form reinforcement. 

1.4 ACTION SUBMITTALS 

A. Product Data: For the following: 
1. Preengineered conduit piping system components. 
2. Preengineered cased piping system components. 

1.5 QUALITY ASSURANCE 

A. ASME Compliance: Comply with ASME B31.9, "Building Services Piping," for materials, products, 
and installation. 

1.6 FIELD CONDITIONS 

A. Interruption of Existing Utilities: Do not interrupt utilities serving occupied facilities unless 
permitted under the following conditions and then only after arranging to provide temporary utility 
services in accordance with requirements indicated: 
1. Notify Architect no fewer than two days in advance of proposed interruption of utility. 
2. Do not proceed with interruption of utility without Owner's written permission. 

1.7 COORDINATION 

A. Coordinate pipe-fitting pressure classes with products specified in related Sections. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Provide components and installation capable of producing hydronic piping systems with the 
following minimum working-pressure ratings: 
1. Hot-Water Piping: 100 psig at 200 deg F . 
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2.2 PEX TUBE AND FITTINGS 

A. Source Limitations: Obtain PEX tube and fittings from single source from single manufacturer. 

B. Pipe Material: PEX plastic in accordance with ASTM F876. 

C. Oxygen Barrier: Limit oxygen diffusion through the tube to maximum 0.10 mg per cu. m/day at 
104 deg F in accordance with DIN 4726. 

D. Fittings: ASTM F1807, metal insert and copper crimp rings . 

E. Pressure/Temperature Rating: Minimum 100 psig and 180 deg F. 

F. Insulation: PEX foam filling annular space between PEX tubing and jacket; thickness indicated in 
"Piping Application" Article. 

G. Fittings: Factory-fabricated elbows and tees with manufacturer-furnished fitting insulation kit. 
Provide fittings recommended by and compatible with carrier pipe. 

H. Jacket: Corrugated HDPE. 

2.3 PREENGINEERED CASED PIPING SYSTEM 

A. Description: Factory-fabricated piping with carrier pipe, insulation, and casing. 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Rovanco Piping Systems, Inc. 
b. Thermacor Process, L.P. 
c. Uponor. 

2. Source Limitations: Obtain piping system from single source from single manufacturer. 

B. Carrier Pipe: Materials as indicated in "Piping Application" Article. See articles in this Section for 
required carrier pipe material characteristics. 

C. Carrier Pipe Insulation: 
1. Polyurethane Foam Pipe Insulation: Rigid, cellular, and high-pressure injected between 

carrier pipe and jacket. 
a. Comply with ASTM C591; thermal conductivity (k-value) shall not exceed 0.165 Btu 

x in./h x sq. ft. x deg F at 75 deg F after 180 days of aging. 

D. Casing accessories include the following: 
1. Joint Kit: Half-shell, pourable or split insulation, casing sleeve, and shrink-wrap sleeve. 
2. Expansion Blanket: Elastomeric foam, formed to fit over piping. 
3. End Seals: Shrink wrap the casing material to seal watertight around casing and carrier 

pipe. 

E. Cover: With polyurethane foam insulation with an HDPE jacket; thickness indicated in "Piping 
Application" Article. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. See Section 31 20 00 "Earth Moving" for excavating, trenching, and backfilling. 

http://www.specagent.com/LookUp/?ulid=3762&mf=04&src=wd
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3.2 PIPING APPLICATION 

A. Hot-Water Heating Piping: 
1. NPS 2 and smaller shall be the following: 

a. PEX tube and fittings. 

3.3 PIPING INSTALLATION 

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. Remove standing water in the bottom of trench. 

C. Bed the pipe on a minimum 6-inch layer of pipe system manufacturer's recommended granular 
fill material with a minimum 6-inch clearance between pipes. 

D. Do not backfill piping trench until field quality-control testing has been completed and results 
approved. 

E. Install piping at uniform grade of 0.2 percent. Install required fittings to accommodate capped 
drains at low points and elsewhere as required for system drainage. Install capped manual air 
vents at high points. 
1. Maintain continuous bedding under piping. Do not leave gaps in pipe bedding, allowing 

pipe to sag between contact points with the bedding. 

F. In conduits, install drain valves at low points and manual air vents at high points. 

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

H. Install piping in straight lines. Do not bend pipe. 

I. Install fittings for changes in direction and branch connections. 

J. See Section 23 05 17 "Sleeves and Sleeve Seals for HVAC Piping" for sleeves and mechanical 
sleeve seals through exterior building walls. 

K. Connect to hydronic piping where it passes through the building wall. Hydronic piping inside the 
building is specified in Section 23 21 13 "Hydronic Piping." 

L. After field quality-control testing is complete, backfill with 6 inches of clean, granular material in 
accordance with piping system manufacturer's written instructions. If mechanical compaction is 
required, manually backfill to 12 inches before using mechanical-compaction equipment. 

3.4 JOINT CONSTRUCTION 

A. See Section 33 05 00 "Common Work Results for Utilities" for basic piping joint construction. 

B. Join pipe and fittings in accordance with the following requirements and Section 23 21 13 
"Hydronic Piping": 
1. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe. 
2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 

assembly. 
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C. Soldered Joints: Apply ASTM B813, water-flushable flux, unless otherwise indicated, to tube end. 
Construct joints in accordance with ASTM B828 or CDA's "Copper Tube Handbook," using lead-
free solder alloy complying with ASTM B32. 

D. Brazed Joints: Construct joints in accordance with AWS's "Brazing Handbook," Ch. 35, "Pipe and 
Tubing," using copper-phosphorus brazing filler metal complying with AWS A5.8M/A5.8. 

E. Threaded Joints: Thread pipe with tapered pipe threads in accordance with ASME B1.20.1 or 
ISO 7-1. 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 in accordance with AWS D10.12M/D10.12, using qualified 
processes and welding operators, in accordance with "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. Pressure-Sealed Joints: Use manufacturer-recommended tool and procedure. Leave insertion 
marks on pipe after assembly. 

I. Conduit and Cased Piping Joints: Assemble sections and finish joints with pourable or split 
insulation and exterior jacket sleeve, and apply shrink-wrap seals. 

3.5 IDENTIFICATION 

A. Install continuous plastic underground warning tapes during backfilling of trenches for 
underground hydronic piping. Locate tapes 6 to 8 inches below finished grade, directly over 
piping. See Section 31 20 00 "Earth Moving" for warning-tape materials and devices and their 
installation. 

END OF SECTION 23 21 13.13
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SECTION 23 21 16 - HYDRONIC 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: 
1. Hydronic specialty valves. 
2. Air-control devices. 
3. Strainers. 

B. Related Requirements: 
1. Section 23 05 23.12 "Ball Valves for HVAC Piping" for specification and installation 

requirements for ball valves common to most piping systems. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product: 
1. Include construction details and material descriptions for hydronic piping specialties. 
2. Include rated capacities, operating characteristics, and furnished specialties and 

accessories. 
3. Include flow and pressure drop curves based on manufacturer's testing for calibrated-

orifice balancing valves and automatic flow-control valves. 

1.4 CLOSEOUT SUBMITTALS 

1.5 QUALITY ASSURANCE 

A. Safety Valves and Pressure Vessels: Shall bear the appropriate ASME label. Fabricate and stamp 
air separators and expansion tanks to comply with ASME Boiler and Pressure Vessel Code: 
Section VIII, Division 1. 

PART 2 - PRODUCTS 

2.1 HYDRONIC SPECIALTY VALVES 

A. Automatic Flow-Control Valves: 
1. Body: Brass or ferrous metal. 
2. Flow Control Assembly, provide either of the following: 

a. Piston and Spring Assembly: Corrosion resistant, tamper proof, self-cleaning, and 
removable. 

b. Elastomeric Diaphragm and Polyphenylsulfone Orifice Plate: Operating ranges 
within 2- to 80-psig differential pressure. 

3. Combination Assemblies: Include bronze or brass-alloy ball valve. 
4. Identification Tag: Marked with zone identification, valve number, and flow rate. 
5. Size: Same as pipe in which installed. 
6. Performance: Maintain constant flow within plus or minus 10 percent, regardless of system 

pressure fluctuations. 
7. Minimum CWP Rating: 175 psig . 
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8. Maximum Operating Temperature: 200 deg F . 

2.2 AIR-CONTROL DEVICES 

A. 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. 

B. Diaphragm-Type Non-ASME Expansion Tanks: 
1. Tank: Carbon steel, rated for minimum 100-psig working pressure at minimum 200 deg F 

maximum operating temperature. Non-ASME construction. 
2. Diaphragm: Securely sealed into tank to separate air charge from system water to maintain 

required expansion capacity. 

C. In-Line Air Separators: 
1. Tank: One-piece cast iron with an integral weir constructed to decelerate system flow to 

maximize air separation. 
2. Maximum Working Pressure: Up to 175 psig. 
3. Maximum Operating Temperature: Up to 300 deg F. 

2.3 STRAINERS 

A. Y-Pattern Strainers: 
1. Body: ASTM A126, Class B, cast iron with bolted cover and bottom drain connection. 
2. End Connections: Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and 

larger. 
3. Strainer Screen: Stainless-steel, 40 -mesh strainer, or perforated stainless-steel basket. 
4. CWP Rating: 125 psig. 

PART 3 - EXECUTION 

3.1 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; 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. 
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3.2 HYDRONIC SPECIALTIES INSTALLATION 

A. Install automatic air vents at high points of system piping in mechanical equipment rooms only. 
Install manual vents at heat-transfer coils and elsewhere as required for air venting. 

B. Install piping from boiler air outlet, air separator, or air purger to expansion tank with a 2 percent 
upward slope toward tank. 

C. Install in-line air separators in pump suction. Install drain valve on air separators NPS 2 and larger. 

END OF SECTION 23 21 16
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SECTION 23 21 23 - HYDRONIC PUMPS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Close-coupled, in-line centrifugal pumps. 

1.3 DEFINITIONS 

A. ECM: Electronically commutated motor. 

B. EPDM: Ethylene propylene diene monomer. 

C. EPR: Ethylene propylene rubber. 

D. FKM: Fluoroelastomer polymer. 

E. HI: Hydraulic Institute. 

F. NBR: Nitrile rubber or Buna-N. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of pump. 
1. Include certified performance curves and rated capacities, operating characteristics, 

furnished specialties, final impeller dimensions, and accessories for each type of product 
indicated. 

2. Indicate pump's operating point on curves. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE 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. Delegated Design: Engage a qualified professional engineer, as defined in Section 01 40 00 
"Quality Requirements," to design vibration isolation. 

2.2 CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Grundfos Pumps Corporation. 
2. ITT Corporation. (ECO Circ pumps not allowed) 

B. Source Limitations: Obtain pumps from single source from single manufacturer. 

http://www.specagent.com/LookUp/?ulid=3386&mf=04&src=wd


   
 

Northwood University  
Northwood University Morey Plaza 
OHM PROJECT # 5076-23-0010 

HYDRONIC PUMPS 
23 21 23 - Page 2 of 4 

Issued for Review: 10/26/2023 
 

Copyright © 2023 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International Treaties. 
It was created by "OHM Advisors" for "Northwood University Morey Plaza".  A valid, current MasterSpec license is required for editing and use of this document for any 
other project.(23956) 

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

D. Pump Construction: 
1. Casing: Radially split, cast iron, with threaded gauge tappings at inlet and outlet 

, replaceable bronze wear rings, and threaded companion-flange connections. 
2. Impeller: ASTM B584, cast bronze; statically and dynamically balanced, keyed to shaft, 

and secured with a locking cap screw. For constant-speed pumps, trim impeller to match 
specified performance. 

3. Pump Shaft Sleeve: Type 304 stainless steel. 
4. Seal: Mechanical seal consisting of carbon rotating ring against a ceramic seat held by a 

stainless steel spring, and NBR rubber bellows and gasket. Include water slinger on shaft 
between motor and seal. 

5. Seal Flushing: Flush, cool, and lubricate pump seal by directing pump discharge water to 
flow over the seal. 

E. Shaft Coupling: Rigid, axially-split spacer coupling to allow service of pump seal without disturbing 
pump or motor. 

F. Motor: Comply with NEMA designation, temperature rating, service factor, and efficiency 
requirements for motors  
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.  Single -speed motor. 
6. Provide integral pump motor variable-speed controller. 

2.3 PUMP SPECIALTY FITTINGS 

A. Triple-Duty Valve: 
1. Angle or straight pattern. 
2. 175-psig pressure rating, cast -iron body, pump-discharge fitting. 
3. Valve with multi-turn stem and memory stop to allow valve to be returned to its original 

position after shutoff. 
4. Brass valve disc with EPDM rubber seat. 
5. Type 304 stainless steel valve stem. 
6. Drain plug and bronze-fitted shutoff, balancing, and check valve features. 
7. Brass gauge ports with integral check valve and orifice for flow measurement. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

B. Examine roughing-in for piping systems to verify actual locations of piping connections before 
pump installation. 

C. Examine foundations and inertia bases for suitable conditions where pumps will be installed. 
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D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PUMP INSTALLATION 

A. Comply with HI 1.4 and HI 2.4. 

B. Install pumps to provide access for periodic maintenance including removing motors, impellers, 
couplings, and accessories. 

C. Independently support pumps and piping so weight of piping is not supported by pumps and 
weight of pumps is not supported by piping. 

D. Automatic Condensate Pump Units: Install units for collecting condensate and extend to open 
drain. 

E. Equipment Mounting: Install in-line pumps with continuous-thread hanger rods and spring 
hangers of size required to support weight of in-line pumps. 
1. Comply with requirements for hangers and supports specified in Section 23 05 29 "Hangers 

and Supports for HVAC Piping and Equipment." 

3.3 PIPING CONNECTIONS 

A. Where installing piping adjacent to pump, allow space for service and maintenance. 

B. Connect piping to pumps. Install valves that are same size as piping connected to pumps. 

C. Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles. 

D. Install triple-duty valve on discharge side of pumps. 

E. Install Y-type strainer and shutoff valve on suction side of pumps. 
1. Use startup strainer for initial system startup. Install permanent strainer element before 

turnover of system to Owner. 

F. Install flexible connectors on suction and discharge sides of base-mounted pumps between pump 
casing and valves. 

G. Install pressure gauges on pump suction and discharge or at integral pressure-gauge tapping, or 
install single gauge with multiple-input selector valve. 

H. Install check valve on each condensate pump unit discharge unless unit has a factory-installed 
check valve. 

3.4 ELECTRICAL CONNECTIONS 

A. Connect wiring in accordance with Section 26 05 19 "Low-Voltage Electrical Power Conductors 
and Cables." 

B. Ground equipment in accordance with Section 26 05 26 "Grounding and Bonding for Electrical 
Systems." 

C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance with 
NFPA 70 and NECA 1. 
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D. Install nameplate for each electrical connection, indicating electrical equipment designation and 
circuit number feeding connection. 
1. Nameplate shall be laminated acrylic or melamine plastic signs, as specified in Section 26 

05 53 "Identification for Electrical Systems." 
2. Nameplate shall be laminated acrylic or melamine plastic signs with a black background 

and engraved white letters at least 1/2 inch high. 

3.5 STARTUP SERVICE 

A.  Perform startup service. 
1. Complete installation and startup checks in accordance with manufacturer's written 

instructions. 
2. Check piping connections for tightness. 
3. Clean strainers on suction piping. Use startup strainer for initial startup. 
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 correct direction. 
5. Prime pump by opening suction valves and closing drains, and prepare pump for operation. 
6. Start motor. 
7. Open discharge valve slowly. 

3.6 DEMONSTRATION 

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

END OF SECTION 23 21 23
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SECTION 23 57 00 - HEAT EXCHANGERS 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 gasketed-plate heat exchangers. 

1.3 DEFINITIONS 

A. TEMA: Tubular Exchanger Manufacturers Association. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Include rated capacities, operating characteristics, and furnished specialties and 

accessories. 

1.5 WARRANTY 

PART 2 - PRODUCTS 

2.1 GASKETED-PLATE HEAT EXCHANGERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Alfa Laval Inc. 
2. Armstrong Fluid Technology. 
3. Bell & Gossett; a Xylem brand. 
4. Wessels Company. 

B. Configuration: Freestanding assembly, consisting of frame support, top and bottom carrying and 
guide bars, fixed and movable end plates, tie rods, individually removable plates, and one-piece 
gaskets. Floor-mounted heat exchangers must have integral legs with mounting feet. 

C. Construction: Fabricate and label heat exchangers to comply with ASME Boiler and Pressure 
Vessel Code, Section VIII, "Pressure Vessels," Division 1. 

D. Frame: 
1. Capacity to accommodate 20  percent additional plates. 
2. Painted carbon steel with provisions for anchoring to support. 

E. Top and Bottom Carrying and Guide Bars: Painted carbon steel, aluminum, or stainless steel. 
1. Fabricate attachment of heat-exchanger support bars and guide bars with reinforcement 

strong enough to resist heat-exchanger movement during seismic event when heat-
exchanger support bars and guide bars are anchored to building structure. 

F. End-Plate Material: Painted carbon steel. 

http://www.specagent.com/LookUp/?ulid=3557&mf=04&src=wd
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G. Tie Rods and Nuts: Steel or stainless steel. 

H. Plate Material: 0.039 inch thick before stamping; Type 316L stainless steel. 

I. Gasket Materials: Nitrile rubber . 
1. Glue: Chlorine free. 

J. Piping Connections: Factory fabricated of materials compatible with heat-exchanger shell. Attach 
tappings to shell before testing and labeling. 
1. NPS 2 and Smaller: Threaded ends in accordance with ASME B1.20.1. 
2. NPS 2-1/2 and Larger: Flanged ends in accordance with ASME B16.5 for steel and 

stainless steel flanges and in accordance with ASME B16.24 for copper and copper-alloy 
flanges. 

K. Enclose plates in solid stainless steel removable shroud. 

2.2 ACCESSORIES 

A. Hangers and Supports: 
1. Supports and saddles to ensure both horizontal and vertical support of heat exchanger. 

Comply with requirements in Section 23 05 29 "Hangers and Supports for HVAC Piping 
and Equipment." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas for compliance with requirements for installation tolerances and for structural 
rigidity, strength, anchors, and other conditions affecting performance of heat exchangers. 

B. Examine roughing-in for heat-exchanger piping to verify actual locations of piping connections 
before equipment installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION OF GASKETED-PLATE HEAT EXCHANGER 

A. Install wall-mounted gasketed-plate heat exchanger on custom-designed wall supports anchored 
to structure as indicated on Drawings. 

B. Install floor-mounted gasketed-plate heat exchangers on cast-in-place concrete equipment base, 
and fasten legs to base. 

C. Install metal shroud over installed gasketed-plate heat exchanger in accordance with 
manufacturer's written instructions. 

3.3 PIPING CONNECTIONS 

A. Comply with requirements for piping specified in Section 23 21 13 "Hydronic Piping" and Section 
23 21 16 "Hydronic Piping Specialties." Drawings indicate general arrangement of piping, fittings, 
and specialties. 

B. Maintain manufacturer's recommended clearances for tube removal, service, and maintenance. 
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C. Install piping adjacent to heat exchangers to allow space for service and maintenance of heat 
exchangers. Arrange piping for easy removal of heat exchangers. 

D. Install shutoff valves at heat-exchanger inlet and outlet connections. 

E. Install pressure-relief valves on heat-exchanger shells where a connection has been provided on 
shell. When no shell pressure-relief valve connection has been provided, install pressure-relief 
valve on shell outlet piping before any isolation valves. 

F. Install pressure-relief valves on heat-exchanger tube outlet piping before any isolation valves. 

G. Pipe pressure-relief valves, full size of valve connection, to floor drain. 

H. Install vacuum breaker at heat-exchanger steam inlet connection. 

I. Install hose end valve to drain shell. 

J. Install thermometer on each heat-exchanger fluid  inlet and outlet piping. Comply with 
requirements for thermometers specified in Section 23 05 19 "Meters and Gages for HVAC 
Piping." 

K. Install pressure gauges on each heat-exchanger fluid inlet and outlet piping. Comply with 
requirements for pressure gauges specified in Section 23 05 19 "Meters and Gauges for HVAC 
Piping." 

3.4 CLEANING 

A. After completing system installation, including outlet fitting and devices, inspect exposed finish. 
Remove burrs, dirt, and construction debris, and repair damaged finishes. 

B. Isolate heat exchangers from piping before flushing piping. If a valve is used to isolate equipment, 
its closure shall be capable of sealing against test pressure without damage to valve. Install blind 
flanges in flanged joints to isolate equipment. 

C. Flush heat-exchanger piping systems with clean water; then remove and clean or replace strainer 
screens before reopening flow to heat exchangers. 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency, Contractor: Engage a qualified testing agency to perform tests and inspections. 

B. Tests and Inspections: 
1. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest until 

no leaks exist. 
2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and 

equipment. 

C. Heat exchanger will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.6 DEMONSTRATION 

A.  Train Owner's maintenance personnel to adjust, operate, and maintain heat exchangers. 
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END OF SECTION 23 57 00
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SECTION 23 83 16 - RADIANT-HEATING 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. Section includes radiant-heating piping, including: 
1. PEX-AL-PEX pipe and fittings 
2. Distribution manifolds 
3. Piping specialties 
4. Controls 

1.3 DEFINITIONS 

A. CWP: Cold working pressure. 

B. PEX/AL/PEX: Crosslinked polyethylene/aluminum/crosslinked polyethylene. 

C. PTFE: Polytetrafluoroethylene plastic. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Include data for piping, fittings, manifolds, specialties, and controls; include pressure and 

temperature ratings, oxygen-barrier performance, fire-performance characteristics, and 
water-flow and pressure-drop characteristics. 

PART 2 - PRODUCTS 

2.1 PEX/AL/PEX PIPE AND FITTINGS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Uponor. 
2. Watts Radiant; A WATTS Brand. 

B. Pipe Material: PEX plastic bonded to the inside and outside of a welded aluminum tube according 
to ASTM F 1281. 

C. Oxygen Barrier: Limit oxygen diffusion through the pipe to maximum 0.10 mg per cu. m/day at 
104 deg F according to DIN 4726. 

D. Fittings: ASTM F 1974, metal insert fittings with split ring and compression nut (compression joint) 
or metal insert fittings with copper crimp rings (crimp joint). 

E. Flame-Spread and Smoke-Developed Indices: 25 and 50 or less, respectively, tested according 
to ASTM E 84. 

F. Pressure/Temperature Rating: Minimum 100 psig and 210 deg F. 

http://www.specagent.com/LookUp/?ulid=3629&mf=04&src=wd
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2.2 DISTRIBUTION MANIFOLDS 

A. Manifold: Minimum NPS 1, stainless steel. 

B. Main Shutoff Valves: 
1. Factory installed on supply and return connections. 
2.  Two -piece body. 
3. Body: Brass or bronze. 
4. Ball: Chrome-plated bronze. 
5. Seals: PTFE. 
6. CWP Rating: 150 psig. 
7. Maximum Operating Temperature: 225 deg F. 

C. Manual Air Vents: 
1. Body: Bronze. 
2. Internal Parts: Nonferrous. 
3. Operator: Key furnished with valve, or screwdriver bit. 
4. Inlet Connection: NPS 1/2. 
5. Discharge Connection: NPS 1/8. 
6. CWP Rating: 150 psig. 
7. Maximum Operating Temperature: 225 deg F. 

D. Balancing Valves: 
1. Body: Plastic or bronze, ball or plug, or globe cartridge type. 
2. Ball or Plug: Brass or stainless steel. 
3. Globe Cartridge and Washer: Brass with EPDM composition washer. 
4. Seat: PTFE. 
5. Visual Flow Indicator: Flowmeter with visible indication in a clear plastic cap at top of valve. 
6. Handle Style: Lever or knob, with memory stop to retain set position if used for shutoff. 
7. CWP Rating: Minimum 125 psig. 
8. Maximum Operating Temperature: 250 deg F. 

E. Zone Control Valves: 
1. Body: Plastic or bronze, ball or plug, or globe cartridge type. 
2. Ball or Plug: Brass or stainless steel. 
3. Globe Cartridge and Washer: Brass with EPDM composition washer. 
4. Seat: PTFE. 
5. Actuator: Replaceable electric motor. 
6. CWP Rating: Minimum 125 psig. 
7. Maximum Operating Temperature: 250 deg F. 

F. Thermometers: 
1. Mount on supply and return connections. 
2. Case: Dry type, metal or plastic, 2-inch diameter. 
3. Element: Bourdon tube or other type of pressure element. 
4. Movement: Mechanical, connecting element and pointer. 
5. Dial: Satin-faced, nonreflective aluminum with permanently etched scale markings. 
6. Pointer: Black metal. 
7. Window: Plastic. 
8. Connector: Rigid, back type. 
9. Thermal System: Liquid- or mercury-filled bulb in copper-plated steel, aluminum, or brass 

stem. 
10. Accuracy: Plus or minus 1 percent of range or plus or minus 1 scale division to maximum 

of 1.5 percent of range. 

G. Mounting Brackets: Copper, or plastic- or copper-clad steel, where in contact with manifold. 
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2.3 PIPING SPECIALTIES 

A. Cable Ties: 
1. Fungus-inert, self-extinguishing, one-piece, self-locking, Type 6/6 nylon cable ties. 
2. Minimum Width: 1/8 inch. 
3. Tensile Strength: 20 lb, minimum. 
4. Temperature Range: Minus 40 to plus 185 deg F. 

2.4 CONTROLS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Danfoss Inc. 
2. Honeywell Building Solutions; Honeywell International, Inc. 
3. tekmar; A WATTS Brand. 
4. Watts Radiant; A WATTS Brand. 

B. Precipitation and Temperature Sensor: 
1.  Microprocessor-based Automatic control with manual on, automatic, and standby/reset 

switch. 
2. Precipitation and temperature sensors shall sense the surface conditions of pavement and 

shall be programmed to operate pump and zone control valves as follows: 
a. Temperature Span: 34 to 44 deg F . 
b. Adjustable Delay Off Span: 30 to 90 minutes. 
c. Start Pump or Open Zone Control Valves: Following two -minute delay if ambient 

temperature is below set point and precipitation is detected. 
d. Stop Pump or Close Zone Control Valves: On detection of a dry surface plus time 

delay. 
3. Corrosion-proof and waterproof enclosure suitable for outdoor mounting, for controls and 

precipitation and temperature sensors. 
4. Minimum 30-A contactor to start pump and open valves. 
5. Precipitation sensor shall be mounted in pavement. 
6. Provide relay with contacts to indicate operational status, on or off, for interface with central 

HVAC control-system workstation. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine surfaces and substrates to receive radiant-heating piping for compliance with 
requirements for installation tolerances and other conditions affecting performance of the Work. 
1. Ensure that surfaces and pipes in contact with radiant-heating piping are free of burrs and 

sharp protrusions. 
2. Ensure that surfaces and substrates are level and plumb. 

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

3.2 APPLICATIONS 

A. Install the following types of radiant-heating piping for the applications described: 
1. Piping in Exterior Pavement: PEX/AL/PEX. 

http://www.specagent.com/LookUp/?ulid=3631&mf=04&src=wd
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3.3 INSTALLATION 

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 Shop Drawings or coordination drawings. 

B. Install radiant-heating piping continuous from the manifold through the heated panel and back to 
the manifold without piping joints in heated panels. 

C. Connect radiant piping to manifold in a reverse-return arrangement. 

D. Do not bend pipes in radii smaller than manufacturer's minimum bend radius dimensions. 

E. Comply with requirements in Section 23 21 13 "Hydronic Piping" for pipes and connections to 
hydronic systems and for glycol-solution fill requirements. 

F. Fire- and Smoke-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, 
and floors at pipe penetrations. Seal pipe penetrations with firestop materials according to 
Section 07 84 13 "Penetration Firestopping." 

G. Piping in Exterior Pavement: 
1. Secure piping in concrete floors by attaching pipes to reinforcement using cable ties. 
2. Space cable ties a maximum of 18 inches o.c. and at center of turns or bends. 
3. Maintain 3-inch minimum cover. 
4. Install a sleeve of 3/8-inch- thick, foam-type insulation or PE pipe around tubing and 

extending for a minimum of 10 inches on each side of slab joints to protect the tubing 
passing through expansion or control joints. Anchor sleeve to slab form at control joints to 
provide maximum clearance for saw cut. 

5. Maintain minimum 40-psig pressure in piping during concrete placement and continue for 
24 hours after placement. 

H. Revise locations and elevations from those indicated as required to suit field conditions and 
ensure integrity of piping and as approved by Architect. 

I. After system balancing has been completed, mark balancing valves to permanently indicate final 
position. 

J. Perform the following adjustments before operating the system: 
1. Open valves to fully open position. 
2. Check operation of automatic valves. 
3. Set temperature controls so all zones call for full flow. 
4. Purge air from piping. 

K. After concrete or plaster heating panel has cured as recommended by concrete or plaster 
supplier, operate radiant-heating system as follows: 
1. Start system heating at a maximum of 10 deg F above the ambient radiant-panel 

temperature and increase 10 deg F each following day until design temperature is 
achieved. 

2. For freeze protection, operate at a minimum of 60 deg F supply-water temperature. 

END OF SECTION 23 83 16
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SECTION 26 05 19 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Copper building wire. 
2. Connectors and splices. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Product Schedule: Indicate type, use, and location. 

PART 2 - PRODUCTS 

2.1 COPPER BUILDING WIRE 

A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with an 
overall insulation layer or jacket, or both, rated 600 V or less. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Alpha Wire Company. 
2. Belden Inc. 
3. General Cable Technologies Corporation. 
4. Okonite Company (The). 
5. Southwire Company. 

C. Standards: 
1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 

intended location and use. 
2. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

D. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 for 
stranded conductors. 

E. Conductor Insulation: 
1. Type NM: Comply with UL 83 and UL 719. 
2.  Type RHW-2: Comply with UL 44. 
3.  Type USE-2 : Comply with UL 854. 
4. Type TC-ER: Comply with NEMA WC 70/ICEA S-95-658 and UL 1277. 
5.  Type THWN-2: Comply with UL 83. 
6. Type UF: Comply with UL 83 and UL 493. 
7. Type XHHW-2: Comply with UL 44. 

F. Shield: 
1. Type TC-ER: Cable designed for use with ASDs, with oversized crosslinked polyethylene 

insulation, dual spirally wrapped copper tape shields and three bare symmetrically applied 
ground wires, and sunlight- and oil-resistant outer PVC jacket. 

http://www.specagent.com/LookUp/?ulid=12724&mf=04&src=wd
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2.2 CONNECTORS AND SPLICES 

A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, 
type, and class for application and service indicated; listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and use. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. 3M Electrical Products. 
2. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions. 
3. ILSCO. 

C. Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc die-cast with set 
screws, designed to connect conductors specified in this Section. 

D. Lugs: One piece, seamless, designed to terminate conductors specified in this Section. 
1. Material: Copper, tin plated . 
2. Type: Two hole with long barrels. 
3. Termination: Compression . 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: 
1. Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

B. Branch Circuits: 
1. Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

C. ASD Output Circuits Cable: Extra-flexible stranded for all sizes. 

D. Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller. 

E. PV 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. Service Entrance: Type XHHW-2, single conductors in raceway Type USE, single conductor in 
raceway . 

B. Exposed Feeders: Type XHHW-2, single conductors in raceway . 

C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN/THWN-2, single 
conductors in raceway . 

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type XHHW-2, 
single conductors in raceway . 

E. Exposed Branch Circuits, Including in Crawlspaces: Type THHN/THWN-2, single conductors in 
raceway . 

http://www.specagent.com/LookUp/?ulid=10633&mf=04&src=wd


   
 

Northwood University  
Northwood University Morey Plaza 
OHM PROJECT # 5076-23-0010 

LOW-VOLTAGE ELECTRICAL POWER 
CONDUCTORS AND CABLES 

26 05 19 - Page 3 of 4 
Issued for Review: 10/26/2023 

 

Copyright © 2023 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International Treaties. 
It was created by "OHM Advisors" for "Northwood University Morey Plaza".  A valid, current MasterSpec license is required for editing and use of this document for any 
other project.(23956) 

F. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN/THWN-2, single 
conductors in raceway . 

G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: Type XHHW-
2, single conductors in raceway . 

H. ASD Output Circuits: Type XHHW-2 in metal conduit . 

3.3 INSTALLATION, GENERAL 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 

B. Complete raceway installation between conductor and cable termination points according to 
Section 26 05 33 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and 
cables. 

C. 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. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 
not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and 
follow surface contours where possible. 

F. Support cables according to Section 26 05 29 "Hangers and Supports for Electrical Systems." 

G. Complete cable tray systems installation according to Section 26 05 36 "Cable Trays for Electrical 
Systems" prior to installing conductors and cables. 

3.4 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-486B. 

B. Make splices, terminations, 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, termination, and tap for aluminum conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inch of slack. 

3.5 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 26 05 53 "Identification for 
Electrical Systems." 

B. Identify each spare conductor at each end with identity number and location of other end of 
conductor, and identify as spare conductor. 
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3.6 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly. 

3.7 FIELD QUALITY CONTROL 

A. Tests and Inspections: 
1. Perform each of the following visual and electrical tests: 

a. Inspect exposed sections of conductor and cable for physical damage and correct 
connection according to the single-line diagram. 

b. Test bolted connections for high resistance using one of the following: 
1) Calibrated torque wrench. 

c. Inspect compression-applied connectors for correct cable match and indentation. 
d. Inspect for correct identification. 
e. Inspect cable jacket and condition. 
f. Continuity test on each conductor and cable. 
g. Uniform resistance of parallel conductors. 

B. Cables will be considered defective if they do not pass tests and inspections. 

END OF SECTION 26 05 19
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SECTION 26 05 26 - 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. Section includes grounding and bonding systems and equipment. 

B. Section includes grounding and bonding systems and equipment, plus the following special 
applications: 
1. Foundation steel electrodes. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

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. Comply with UL 467 for grounding and bonding materials and equipment. 

2.2 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions. 
2. Burndy; Hubbell Incorporated, Construction and Energy. 
3. ILSCO. 

2.3 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. Solid Conductors: ASTM B 3. 
2. Stranded Conductors: ASTM B 8. 

C. Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches in cross section, 
with 9/32-inch holes spaced 1-1/8 inches apart. Stand-off insulators for mounting shall comply 
with UL 891 for use in switchboards, 600 V and shall be Lexan or PVC, impulse tested at 5000 V. 

http://www.specagent.com/LookUp/?ulid=7341&mf=04&src=wd
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2.4 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in 
which used and for specific types, sizes, and combinations of conductors and other items 
connected. 

B. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 
materials being joined and installation conditions. 

C. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless -type wire terminals, and 
long-barrel, two-bolt connection to ground bus bar. 

D. Beam Clamps: Mechanical type, terminal, ground wire access from four directions, with dual, tin-
plated or silicon bronze bolts. 

E. Cable-to-Cable Connectors: Compression type, copper or copper alloy. 

F. Cable Tray Ground Clamp: Mechanical type, zinc-plated malleable iron. 

G. Conduit Hubs: Mechanical type, terminal with threaded hub. 

H. Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt . 

I. Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt. 

J. Lay-in Lug Connector: Mechanical type, copper rated for direct burial terminal with set screw. 

K. Service Post Connectors: Mechanical type, bronze alloy terminal, in short- and long-stud lengths, 
capable of single and double conductor connections. 

L. Signal Reference Grid Clamp: Mechanical type, stamped-steel terminal with hex head screw. 

M. Straps: Solid copper, cast-bronze clamp . Rated for 600 A. 

N. Tower Ground Clamps: Mechanical type, copper or copper alloy, terminal two-piece clamp. 

O. U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial. 

P. Water Pipe Clamps: 
1. Mechanical type, two pieces with stainless-steel bolts. 

a. Material: Tin-plated aluminum . 
b. Listed for direct burial. 

2. U-bolt type with malleable-iron clamp and copper ground connector rated for direct burial. 

2.5 GROUNDING ELECTRODES 

A. Ground Rods: Copper-clad steel ; 5/8 by 96 inches . 

B. Ground Plates: 1/4 inch thick, hot-dip galvanized. 
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PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6 
AWG and larger unless otherwise indicated. 

B. Underground Grounding Conductors: Install bare copper conductor, No. 2/0 AWG minimum. 
1. Bury at least 30 inches below grade. 
2. Duct-Bank Grounding Conductor: Bury 12 inches above duct bank when indicated as part 

of duct-bank installation. 

C. Grounding Conductors: Green-colored insulation with continuous yellow stripe. 

D. Isolated Grounding Conductors: Green-colored insulation with more than one continuous yellow 
stripe. On feeders with isolated ground, identify grounding conductor where visible to normal 
inspection, with alternating bands of green and yellow tape, with at least three bands of green 
and two bands of yellow. 

E. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, and 
elsewhere as indicated. 
1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6 inches above 

finished floor unless otherwise indicated. 
2. Where indicated on both sides of doorways, route bus up to top of door frame, across top 

of doorway, and down; connect to horizontal bus. 

F. Conductor Terminations and Connections: 
1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 
2. Underground Connections: Welded connectors except at test wells and as otherwise 

indicated. 
3. Connections to Ground Rods at Test Wells: Bolted connectors. 
4. Connections to Structural Steel: Welded connectors. 

3.2 GROUNDING AT THE SERVICE 

A. Equipment grounding conductors and grounding electrode conductors shall be connected to the 
ground bus. Install a main bonding jumper between the neutral and ground buses. 

3.3 GROUNDING SEPARATELY DERIVED SYSTEMS 

A. Generator: Install grounding electrode(s) at the generator location. The electrode shall be 
connected to the equipment grounding conductor and to the frame of the generator. 

3.4 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 

A. Comply with IEEE C2 grounding requirements. 

B. Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole 
floor, close to wall, and set rod depth so 4 inches will extend above finished floor. If necessary, 
install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-copper 
conductor from ground rod into manhole through a waterproof sleeve in manhole wall. Protect 
ground rods passing through concrete floor with a double wrapping of pressure-sensitive 
insulating tape or heat-shrunk insulating sleeve from 2 inches above to 6 inches below concrete. 
Seal floor opening with waterproof, nonshrink grout. 
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3.5 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

B. Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-mounted 
electrical devices operating at 120 V and more, including air cleaners, heaters, dampers, 
humidifiers, and other duct electrical equipment. Bond conductor to each unit and to air duct and 
connected metallic piping. 

C. Isolated Grounding Receptacle Circuits: Install an insulated equipment grounding conductor 
connected to the receptacle grounding terminal. Isolate conductor from raceway and from 
panelboard grounding terminals. Terminate at equipment grounding conductor terminal of the 
applicable derived system or service unless otherwise indicated. 

D. Isolated Equipment Enclosure Circuits: For designated equipment supplied by a branch circuit or 
feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway fitting 
listed for the purpose. Install fitting where raceway enters enclosure, and install a separate 
insulated equipment grounding conductor. Isolate conductor from raceway and from panelboard 
grounding terminals. Terminate at equipment grounding conductor terminal of the applicable 
derived system or service unless otherwise indicated. 

E. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate insulated 
equipment grounding conductor per detail on plan sheet in addition to grounding conductor 
installed with branch-circuit conductors. 

3.6 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 Bonding Common with Lightning Protection System: Comply with NFPA 780 and UL 96 
when interconnecting with lightning protection system. Bond electrical power system ground 
directly to lightning protection system grounding conductor at closest point to electrical service 
grounding electrode. Use bonding conductor sized same as system grounding electrode 
conductor, and install in conduit. 

C. Ground Rods: Drive rods until tops are 2 inches 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. 
2. Use exothermic welds for all below-grade connections. 
3. For grounding electrode system, install at least three rods spaced at least one-rod length 

from each other and located at least the same distance from other grounding electrodes, 
and connect to the service grounding electrode conductor. 

D. Grounding and Bonding for Piping: 
1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit, from 

building's main service equipment, or grounding bus, to main metal water service 
entrances to building. Connect grounding conductors to main metal water service pipes; 
use a bolted clamp connector or bolt a lug-type connector to a pipe flange by using one of 
the lug bolts of the flange. Where a dielectric main water fitting is installed, connect 
grounding conductor on street side of fitting. Bond metal grounding conductor conduit or 
sleeve to conductor at each end. 
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2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water meters. 
Connect to pipe with a bolted connector. 

E. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of 
associated fans, blowers, electric heaters, and air cleaners. Install tinned bonding jumper to bond 
across flexible duct connections to achieve continuity. 

F. Grounding for Steel Building Structure: Install a driven ground rod at base of each corner column 
and at intermediate exterior columns at distances not more than 60 feet apart. 

G. Concrete-Encased Grounding Electrode (Ufer Ground): Fabricate according to NFPA 70; use a 
minimum of 20 feet of bare copper conductor not smaller than No. 4 AWG. 
1. If concrete foundation is less than 20 feet long, coil excess conductor within base of 

foundation. 
2. Bond grounding conductor to reinforcing steel in at least two locations and to anchor bolts. 

Extend grounding conductor below grade and connect to building's grounding grid or to 
grounding electrode external to concrete. 

H. Concrete-Encased Grounding Electrode (Ufer Ground): Fabricate according to NFPA 70; using 
electrically conductive coated steel reinforcing bars or rods, at least 20 feet long. If reinforcing is 
in multiple pieces, connect together by the usual steel tie wires or exothermic welding to create 
the required length. 

I. Connections: Make connections so possibility of galvanic action or electrolysis is minimized. 
Select connectors, connection hardware, conductors, and connection methods so metals in direct 
contact are galvanically compatible. 
1. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make 

contact points closer in order of galvanic series. 
2. Make connections with clean, bare metal at points of contact. 
3. Make aluminum-to-steel connections with stainless-steel separators and mechanical 

clamps. 
4. Make aluminum-to-galvanized-steel connections with tin-plated copper jumpers and 

mechanical clamps. 
5. Coat and seal connections having dissimilar metals with inert material to prevent future 

penetration of moisture to contact surfaces. 

END OF SECTION 26 05 26
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SECTION 26 05 29 - 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. Section Includes: 
1. Steel slotted support systems. 
2. Conduit and cable support devices. 
3. Support for conductors in vertical conduit. 
4. Mounting, anchoring, and attachment components, including powder-actuated fasteners, 

mechanical expansion anchors, concrete inserts, clamps, through bolts, toggle bolts, and 
hanger rods. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Include construction details, material descriptions, dimensions of individual components 

and profiles, and finishes for the following: 
a. Slotted support systems, hardware, and accessories. 
b. Clamps. 
c. Hangers. 
d. Sockets. 
e. Eye nuts. 
f. Fasteners. 
g. Anchors. 
h. Saddles. 
i. Brackets. 

2. Include rated capacities and furnished specialties and accessories. 

B. Shop Drawings: For fabrication and installation details for electrical hangers and support systems. 
1. Hangers. Include product data for components. 
2. Slotted support systems. 
3. Equipment supports. 

1.4 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.5 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M . 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 01 40 00 
"Quality Requirements," to design hanger and support system. 

2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems: Preformed steel channels and angles with minimum 13/32-inch- 
diameter holes at a maximum of 8 inches o.c. in at least one surface. 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Atkore International (Allied Tube & Conduit). 
b. Atkore International (Unistrut). 
c. Eaton (B-line). 

2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly. 
3. Material for Channel, Fittings, and Accessories: Galvanized steel . 
4. Channel Width: 1-5/8 inches . 
5. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4. 
6. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-4. 
7. Protect finishes on exposed surfaces from damage by applying a strippable, temporary 

protective covering before shipping. 

B. Conduit and Cable Support Devices: Stainless-steel hangers, clamps, and associated fittings, 
designed for types and sizes of raceway or cable to be supported. 
1. In correctional facilities all clamps to be two-hole with tamper resistant fasteners 

C. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded 
body and insulating wedging plug or plugs for nonarmored 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 made of malleable iron. 

D. 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; Illinois Tool Works, Inc. 

2. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel, for use in hardened 
portland cement concrete, 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) Eaton (B-line). 
2) Hilti, Inc. 
3) ITW Ramset/Red Head; Illinois Tool Works, Inc. 

3. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable for 
attached structural element. 

4. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM F 3125/F 
3125M, Grade A325 . 

5. Toggle Bolts: All -steel springhead type. 

http://www.specagent.com/LookUp/?ulid=1736&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=1742&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=1746&mf=04&src=wd
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6. Hanger Rods: Threaded Stainless steel. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with the following standards for application and installation requirements of hangers and 
supports, except where requirements on Drawings or in this Section are stricter: 
1. NECA 1. 
2. NECA 101 
3. NECA 105. 

B. Comply with requirements for raceways and boxes specified in Section 26 05 33 "Raceways and 
Boxes for Electrical Systems." 

C. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for 
EMT, IMC, and RMC as required by NFPA 70. Minimum rod size shall be 1/4 inch in diameter. 

D. Multiple Raceways or Cables: Install trapeze-type supports fabricated with 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 single-bolt conduit clamps using spring 

friction action for retention in support channel. 

E. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2-
inch 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 and RMC may be 
supported by openings through structure members, according to 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 
. 

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 or expansion anchor fasteners. 
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 thick or 
greater. Do not use for anchorage to lightweight-aggregate concrete or for slabs less than 
4 inches thick. 
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6. To Steel: Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with MSS SP-
69orSpring-tension clamps. 

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. 

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid the need for 
reinforcing bars. 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

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

B. Field Welding: Comply with AWS D1.1/D1.1M. 

END OF SECTION 26 05 29
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SECTION 26 05 33 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Type EMT-S raceways and elbows. 
2. Type EPEC raceways and fittings. 
3. Type ERMC-S raceways, elbows, couplings, and nipples. 
4. Type LFMC raceways. 
5. Type PVC raceways and fittings. 
6. Fittings for conduit, tubing, and cable. 
7. Metallic outlet boxes, device boxes, rings, and covers. 
8. Cabinets, cutout boxes, junction boxes, pull boxes, and miscellaneous enclosures. 

B. Related Requirements: 
1. Section 26 05 19 "Low-Voltage for Electrical Power Conductors and Cables" for 

nonmetallic underground conduit with conductors (Type NUCC). 
2. Section 26 05 43 "Underground Ducts and Raceways for Electrical Systems" for exterior 

duct banks, manholes, and underground utility construction. 

1.2 ACTION SUBMITTALS 

A. Product Data: For the following: 
1. Raceways and fittings 
2. Wireways and auxiliary gutters. 
3. Cabinets, cutout boxes, and miscellaneous enclosures. 

1.3 INFORMATIONAL SUBMITTALS 

PART 2 - PRODUCTS 

2.1 TYPE EMT-S RACEWAYS AND ELBOWS 

A. Steel Electrical Metal Tubing (EMT-S) and Elbows: 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Atkore International (Allied Tube & Conduit). 
b. Atkore International (Calconduit). 
c. Emerson Electric Co. 
d. Nucor Corporation (Nucor Tubular Products - Republic). 
e. Topaz Lighting & Electric. 
f. Zekelman Industries (Wheatland Tube). 

2. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 797 and UL Category Control Number FJMX. 
2) Material: Steel. 
3) Exterior Coating: Zinc . 
4) Interior Coating: Zinc with organic top coating . 

c. Options: 

http://www.specagent.com/LookUp/?ulid=13807&mf=04&src=wd


   
 

Northwood University  
Northwood University Morey Plaza 
OHM PROJECT # 5076-23-0010 

RACEWAY AND BOXES FOR ELECTRICAL 
SYSTEMS 

26 05 33 - Page 2 of 13 
Issued for Review: 10/26/2023 

 

Copyright © 2023 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International Treaties. 
It was created by "OHM Advisors" for "Northwood University Morey Plaza".  A valid, current MasterSpec license is required for editing and use of this document for any 
other project.(23956) 

1) Minimum Trade Size: 3/4 inch. 
2) Colors: As indicated on Drawings. 

2.2 TYPE EPEC RACEWAYS AND FITTINGS 

A. Schedule 80 Electrical HDPE Underground Conduit (EPEC-80): 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Blue Diamond Industries. 
b. J-M Manufacturing Co., Inc. (JM Eagle). 
c. Southwire Company. 

2. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 651A and UL Category Control Number EAZX. 
2) Dimensional Specifications: Schedule 80. 

c. Options: 
1) Minimum Trade Size: 3/4 inch. 

2.3 TYPE ERMC-S RACEWAYS, ELBOWS, COUPLINGS, AND NIPPLES 

A. Galvanized-Steel Electrical Rigid Metal Conduit (ERMC-S-G), Elbows, Couplings, and Nipples: 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Atkore International (Allied Tube & Conduit). 
b. Atkore International (Calconduit). 
c. Eaton (Crouse-Hinds). 
d. Killark; Hubbell Incorporated, Construction and Energy. 
e. Nucor Corporation (Nucor Tubular Products - Republic). 
f. Zekelman Industries (Wheatland Tube). 

2. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 6 and UL Category Control Number DYIX. 
2) Exterior Coating: Zinc. 
3) Interior Coating: Zinc with organic top coating . 

c. Options: 
1) Minimum Trade Size: 3/4 inch. 
2) Colors: As indicated on Drawings. 

B. PVC-Coated-Steel Electrical Rigid Metal Conduit (ERMC-S-PVC), Elbows, Couplings, and 
Nipples: 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Atkore International (Calbond). 
b. Bluesteel Services LLC. 
c. Robroy Industries (Perma-Cote). 

2. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 6 and UL Category Control Number DYIX. 
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2) Exterior Coating: PVC complying with NEMA RN 1  and marked ETL Verified 
PVC-001. 

3) Interior Coating: Zinc with organic top coating . 
4) Fittings for PVC-Coated Conduit: 

a) Minimum coating thickness of 0.040 inch, with overlapping sleeves 
protecting threaded joints. 

b) Conduit bodies must be Form 8 with an effective seal and a positive 
placement feature to ease and assure proper installation. Certified 
results confirming seal performance at 15 psig (positive) and 25 in. of 
mercury (vacuum) for 72 hours must be available. Conduit bodies must 
be supplied with plastic-encapsulated stainless steel cover screws. 

c) Form 2 inch long or one pipe diameter long, whichever is less, PVC 
sleeve at openings of female fittings, except unions. Inside sleeve 
diameter must be matched to outside diameter of metal conduit. 

d) PVC coating on the outside of conduit couplings must be protected 
from tool damage during installation. 

e) Female threads on fittings and couplings must be protected by 
urethane coating. 

f) Fittings must be from same manufacturer as conduit. 
g) Beam clamps and U bolts must be formed and sized to fit outside 

diameter of coated conduit. Plastic-encapsulated nuts must cover the 
exposed portions of threads. 

c. Options: 
1) Minimum Trade Size: 3/4 inch. 
2) Colors: As indicated on Drawings. 
3) Conduit Fittings for Hazardous (Classified) Locations: UL 1203. 
4) Expansion and Deflection Fittings: UL 651 with flexible external bonding 

jumper. 

2.4 TYPE LFMC RACEWAYS 

A. Steel Liquidtight Flexible Metal Conduit (LFMC-S): 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. ABB (Electrification Products Division). 
b. Anamet Electrical, Inc (Anaconda Sealtite). 
c. Electri-Flex Company. 

2. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standard: UL 360 and UL Category Control Number DXHR. 
2) Material: Steel. 

c. Options: 
1) Minimum Trade Size: 1/2 inch . 
2) Colors: As indicated on Drawings. 

2.5 TYPE PVC RACEWAYS AND FITTINGS 

A. Schedule 40 Rigid PVC Conduit (PVC-40) and Fittings: 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Atkore International (Calconduit). 
b. J-M Manufacturing Co., Inc. (JM Eagle). 
c. Topaz Lighting & Electric. 
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2. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 651 and UL Category Control Number DZYR. 
2) Dimensional Specifications: Schedule 40. 

c. Options: 
1) Minimum Trade Size: 3/4 inch. 
2) Markings: For use with maximum 90 deg C wire.and 

B. Schedule 80 Rigid PVC Conduit (PVC-80) and Fittings: 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Atkore International (Calconduit). 
b. J-M Manufacturing Co., Inc. (JM Eagle). 
c. Opti-Com Manufacturing Network, Inc (OMNI). 
d. Topaz Lighting & Electric. 

2. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 651 and UL Category Control Number DZYR. 
2) Dimensional Specifications: Schedule 80. 

c. Options: 
1) Minimum Trade Size: 3/4 inch. 
2) Markings: For use with maximum 90 deg C wire.andFor directional boring 

applications. 

2.6 FITTINGS FOR CONDUIT, TUBING, AND CABLE 

A. Fittings for Type ERMC, Type IMC, Type PVC, Type EPEC, and Type RTRC Raceways: 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Appleton - EGS; Emerson Electric Co., Automation Solutions. 
b. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions. 
c. Atkore International (Konkore Fittings). 
d. Eaton (Crouse-Hinds). 

2. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 514B and UL Category Control Number DWTT. 
2) Material: Iron Alloy. 
3) Coupling Method: Setscrew coupling. Setscrew couplings with only single 

screw per conduit are unacceptable. 
c. Options: 

1) Conduit Fittings for Hazardous (Classified) Locations: UL 1203. 
2) Expansion and Deflection Fittings: UL 651 with flexible external bonding 

jumper. 

B. Fittings for Type EMT Raceways: 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Appleton - EGS; Emerson Electric Co., Automation Solutions. 
b. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions. 
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c. Atkore International (Allied Tube & Conduit). 
d. Atkore International (Calconduit). 
e. Eaton (Crouse-Hinds). 
f. Southwire Company. 

2. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 514B and UL Category Control Number FKAV. 
2) Material: Steel . 
3) Coupling Method: Setscrew coupling. Setscrew couplings with only single 

screw per conduit are unacceptable. 
c. Options: 

1) Conduit Fittings for Hazardous (Classified) Locations: UL 1203. 
2) Expansion and Deflection Fittings: UL 651 with flexible external bonding 

jumper. 

C. Fittings for Type LFMC and Type LFNC Raceways: 
1. Manufacturers: Subject to compliance with requirements, provide products by the 

following: 
a. Liquid Tight Connector Co. 

2. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 514B and UL Category Control Number DXAS. 

2.7 METALLIC OUTLET BOXES, DEVICE BOXES, RINGS, AND COVERS 

A. Metallic Outlet Boxes: 
1. Description: Box having pryout openings, knockouts, threaded entries, or hubs in either the 

sides of the back, or both, for entrance of conduit, conduit or cable fittings, or cables, with 
provisions for mounting outlet box cover, but without provisions for mounting wiring device 
directly to box. 

2. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
a. Appleton - EGS; Emerson Electric Co., Automation Solutions. 
b. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions. 
c. Eaton (Crouse-Hinds). 
d. Hubbell Premise Wiring; Hubbell Incorporated, Commercial and Industrial. 
e. Killark; Hubbell Incorporated, Construction and Energy. 
f. Pass & Seymour; Legrand North America, LLC. 
g. Wiremold; Legrand North America, LLC. 
h. Wiring Device-Kellems; Hubbell Incorporated, Commercial and Industrial. 

3. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 514A and UL Category Control Number QCIT. 
c. Options: 

1) Material: Sheet steel . 
2) Sheet Metal Depth: Minimum 2 inch . 
3) Luminaire Outlet Boxes and Covers: Nonadjustable, listed and labeled for 

attachment of luminaire weighing up to 50 lb . 
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4) Paddle Fan Outlet Boxes and Covers: Nonadjustable, designed for 
attachment of paddle fan weighing up to 70 lb. 

B. Metallic Conduit Bodies: 
1. Description: Means for providing access to interior of conduit or tubing system through one 

or more removable covers at junction or terminal point. In the United States, conduit bodies 
are listed in accordance with outlet box requirements. 

2. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
a. Appleton - EGS; Emerson Electric Co., Automation Solutions. 
b. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions. 
c. Eaton (Crouse-Hinds). 
d. Killark; Hubbell Incorporated, Construction and Energy. 
e. Pass & Seymour; Legrand North America, LLC. 

3. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 514A and UL Category Control Number QCIT. 

C. Metallic Device Boxes: 
1. Description: Box with provisions for mounting wiring device directly to box. 
2. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Appleton - EGS; Emerson Electric Co., Automation Solutions. 
b. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions. 
c. Eaton (Crouse-Hinds). 
d. Hubbell Premise Wiring; Hubbell Incorporated, Commercial and Industrial. 
e. Wiring Device-Kellems; Hubbell Incorporated, Commercial and Industrial. 

3. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL 514A and UL Category Control Number QCIT. 
c. Options: 

1) Material: Sheet steel . 
2) Sheet Metal Depth: minimum 2 inch . 
3) Luminaire Outlet Boxes and Covers: Nonadjustable, listed and labeled for 

attachment of luminaire weighing up to 50 lb . 
4) Paddle Fan Outlet Boxes and Covers: Nonadjustable, designed for 

attachment of paddle fan weighing up to 70 lb. 

D. Metallic Extension Rings: 
1. Description: Ring intended to extend sides of outlet box or device box to increase box 

depth, volume, or both. 
2. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions. 
b. Eaton (B-line). 
c. Eaton (Crouse-Hinds). 
d. Pass & Seymour; Legrand North America, LLC. 
e. Wiring Device-Kellems; Hubbell Incorporated, Commercial and Industrial. 

3. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
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b. General Characteristics: 
1) Reference Standards: UL 514A and UL Category Control Number QCIT. 

2.8 CABINETS, CUTOUT BOXES, JUNCTION BOXES, PULL BOXES, AND MISCELLANEOUS 
ENCLOSURES 

A. Indoor Sheet Metal Cabinets: 
1. Description: Enclosure provided with frame, mat, or trim in which swinging door or doors 

are or can be hung. 
2. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Eaton (Crouse-Hinds). 
b. Killark; Hubbell Incorporated, Construction and Energy. 
c. Milbank Manufacturing Co. 
d. nVent (Hoffman). 

3. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL Category Control Number CYIV. 
a) Non-Environmental Characteristics: UL 50. 
b) Environmental Characteristics: UL 50E. 

c. Options: 
1) Degree of Protection: Type 1 unless otherwise noted . 

B. Indoor Sheet Metal Junction and Pull Boxes: 
1. Description: Box with a blank cover that serves the purpose of joining different runs of 

raceway or cable. 
2. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions. 
b. Eaton (B-line). 
c. Milbank Manufacturing Co. 
d. nVent (Hoffman). 
e. Wiring Device-Kellems; Hubbell Incorporated, Commercial and Industrial. 

3. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL Category Control Number BGUZ. 
a) Non-Environmental Characteristics: UL 50. 
b) Environmental Characteristics: UL 50E. 

c. Options: 
1) Degree of Protection: Type 1 unless otherwise noted . 

C. Outdoor Cast-Metal Junction and Pull Boxes: 
1. Description: Box with a blank cover that serves the purpose of joining different runs of 

raceway or cable. 
2. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Appleton - EGS; Emerson Electric Co., Automation Solutions. 
b. Appleton - O-Z/Gedney; Emerson Electric Co., Automation Solutions. 
c. Eaton (Crouse-Hinds). 

3. Applicable Standards: 

http://www.specagent.com/LookUp/?ulid=14263&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=14269&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=14271&mf=04&src=wd


   
 

Northwood University  
Northwood University Morey Plaza 
OHM PROJECT # 5076-23-0010 

RACEWAY AND BOXES FOR ELECTRICAL 
SYSTEMS 

26 05 33 - Page 8 of 13 
Issued for Review: 10/26/2023 

 

Copyright © 2023 by the American Institute of Architects. Warning: This AIA MasterSpec-based document is protected by U.S. Copyright Law and International Treaties. 
It was created by "OHM Advisors" for "Northwood University Morey Plaza".  A valid, current MasterSpec license is required for editing and use of this document for any 
other project.(23956) 

a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 
marked for intended location and use. 

b. General Characteristics: 
1) Reference Standards: UL Category Control Number BGUZ. 

a) Non-Environmental Characteristics: UL 50. 
b) Environmental Characteristics: UL 50E. 

c. Options: 
1) Degree of Protection: Type 3R unless otherwise noted . 

D. Outdoor Polymeric Junction and Pull Boxes: 
1. Description: Box with a blank cover that serves the purpose of joining different runs of 

raceway or cable. 
2. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. Atkore International (Allied Tube & Conduit). 
b. J-M Manufacturing Co., Inc. (JM Eagle). 
c. Topaz Lighting & Electric. 
d. Wiring Device-Kellems; Hubbell Incorporated, Commercial and Industrial. 

3. Applicable Standards: 
a. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and 

marked for intended location and use. 
b. General Characteristics: 

1) Reference Standards: UL Category Control Number BGUZ. 
a) Non-Environmental Characteristics: UL 50. 
b) Environmental Characteristics: UL 50E. 

c. Options: 
1) Degree of Protection: Type 3R unless otherwise noted . 

PART 3 - EXECUTION 

3.1 SELECTION OF RACEWAYS 

A. Unless more stringent requirements are specified in Contract Documents or manufacturers' 
written instructions, comply with NFPA 70 for selection of raceways. Consult Architect for 
resolution of conflicting requirements. 

B. Outdoors: 
1. Exposed Conduit: ERMC PVC-80 . 
2. Concealed Conduit, Aboveground: ERMC EMT PVC-80 PVC-40 . 
3. Direct-Buried Conduit: PVC-80 PVC-40 . 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): LFMC . 

C. Indoors: 
1. Hazardous Classified Locations: ERMC . 
2. Exposed and Subject to Physical Damage: ERMC . Raceway locations include the 

following: 
a. Loading docks. 
b.  Manufacturing areas . 
c. Power plants and similar spaces 

3. Exposed, Not Subject to Physical Damage: ERMC EMT,PVC-80 . 
4. Concealed in Ceilings and Interior Walls and Partitions: ERMC EMT . 
5. Damp or Wet Locations: ERMC . 
6. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): LFMC . 
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D. Stub-ups to Above Recessed Ceilings: Provide EMT, IMC, or ERMC for raceways. 

E. Raceway Fittings: Select fittings in accordance with NEMA FB 2.10 guidelines. 
1. ERMC and IMC: Provide threaded type fittings unless otherwise indicated. 

3.2 SELECTION OF BOXES AND ENCLOSURES 

A. Unless more stringent requirements are specified in Contract Documents or manufacturers' 
written instructions, comply with NFPA 70 for selection of boxes and enclosures. Consult Architect 
for resolution of conflicting requirements. 

B. Degree of Protection: 
1. Outdoors: 

a.  Type 3R unless otherwise indicated. 
b. Locations Exposed to Hosedown: Type 6P. 
c. Locations Subject to Potential Flooding: Type 6P. 
d. Locations Aboveground Where Mechanism Must Operate When Ice Covered: 

Type 3S. 
e. Locations in-Ground or Exposed to Corrosive Agents: Type 4X . 
f. Locations in-Ground or Exposed to Corrosive Agents Where Mechanism Must 

Operate When Ice Covered: Type 3SX. 
2. Indoors: 

a. Type 1 unless otherwise indicated. 
b. Damp or Dusty Locations: Type 12 . 
c. Surface Mounted in Kitchens and Other Locations Exposed to Oil or Coolants: 

Type 12. 
d. Flush Mounted in Kitchens and Other Locations Exposed to Oil or Coolants: 

Type 12K. 
e. Locations Exposed to Airborne Dust, Lint, Fibers, or Flyings: Type 6. 
f. Locations Exposed to Hosedown: Type 6P. 
g. Locations Exposed to Brief Submersion: Type 6P. 
h. Locations Exposed to Prolonged Submersion: Type 6P. 
i. Locations Exposed to Corrosive Agents: Type 4X . 
j. Locations Exposed to Spraying Oil or Coolants: Type 13. 

C. Exposed Boxes Installed Less Than 6.5 ft. Above Floor: 
1. Provide exposed cover. Flat covers with angled mounting slots or knockouts are prohibited. 

3.3 INSTALLATION OF RACEWAYS 

A. Installation Standards: 
1. Unless more stringent requirements are specified in Contract Documents or manufacturers' 

written instructions, comply with NFPA 70 for installation of raceways. Consult Architect for 
resolution of conflicting requirements. 

2. Comply with NFPA 70 limitations for types of raceways allowed in specific occupancies 
and number of floors. 

3. Comply with requirements in Section 26 05 29 "Hangers and Supports for Electrical 
Systems" for hangers and supports. 

4. Comply with NECA NEIS 101 for installation of steel raceways. 
5. Comply with NECA NEIS 102 for installation of aluminum raceways. 
6. Comply with NECA NEIS 111 for installation of nonmetallic raceways. 
7. Install raceways square to the enclosure and terminate at enclosures without hubs with 

locknuts on both sides of enclosure wall. Install locknuts hand tight, plus one-quarter turn 
more. 
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8. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of 
boxes or cabinets. Install bushings on conduits up to 1-1/4 inch trade size and insulated 
throat metal bushings on 1-1/2 inch trade size and larger conduits terminated with 
locknuts.. 

9. Raceway Terminations at Locations Subject to Moisture or Vibration: 
a. Provide insulating bushings to protect conductors, including conductors smaller than 

No. 4 AWG.. 

B. General Requirements for Installation of Raceways: 
1. Complete raceway installation before starting conductor installation. 
2. Provide stub-ups through floors with coupling threaded inside for plugs, set flush with 

finished floor. Plug coupling until conduit is extended above floor to final destination or a 
minimum of 2 ft. above finished floor. 

3. Install no more than equivalent of three 90-degree bends in conduit run. Support within 
12 inch of changes in direction. 

4. Make bends in raceway using large-radius preformed ells except for parallel bends. Field 
bending must be in accordance with NFPA 70 minimum radii requirements. Provide only 
equipment specifically designed for material and size involved. 

5. Conceal conduit within finished walls, ceilings, and floors unless otherwise indicated. Install 
conduits parallel or perpendicular to building lines. 

6. Support conduit within 12 inch of enclosures to which attached. 
7. Install raceway sealing fittings at accessible locations in accordance with NFPA 70 and fill 

them with listed sealing compound. For concealed raceways, install fitting in flush steel box 
with blank cover plate having finish similar to that of adjacent plates or surfaces. Install 
raceway sealing fittings in accordance with NFPA 70. 

8. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings 
or boxes are between the seal and the following changes of environments. Seal interior of 
raceways at the following points: 
a. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 

spaces. 
b. Where an underground service raceway enters a building or structure. 
c. Conduit extending from interior to exterior of building. 
d. Conduit extending into pressurized duct and equipment. 
e. Conduit extending into pressurized zones that are automatically controlled to 

maintain different pressure set points. 
f. Where otherwise required by NFPA 70. 

9. Do not install raceways or electrical items on "explosion-relief" walls or rotating equipment. 
10. Do not install conduits within 2 inch of the bottom side of a metal deck roof. 
11. Keep raceways at least 6 inch away from parallel runs of flues and steam or hot-water 

pipes. Install horizontal raceway runs above water and steam piping. 
12. Cut conduit perpendicular to the length. For conduits 2 inch trade size and larger, use roll 

cutter or a guide to make cut straight and perpendicular to the length. Ream inside of 
conduit to remove burrs. 

13. Install pull wires in empty raceways. Provide polypropylene or monofilament plastic line 
with not less than 200 lb tensile strength. Leave at least 12 inch of slack at both ends of 
pull wire. Cap underground raceways designated as spare above grade alongside 
raceways in use. 

C. Requirements for Installation of Specific Raceway Types: 
1. Types ERMC and IMC: 

a. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: 
Apply listed compound that maintains electrical conductivity to threads of raceway 
and fittings before making up joints. Follow compound manufacturer's written 
instructions. 

2. Type ERMC-S-PVC: 
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a. Follow manufacturer's installation instructions for clamping, cutting, threading, 
bending, and assembly. 

b. Provide PVC-coated sealing locknut for exposed male threads transitioning into 
female NPT threads that do not have sealing sleeves, including transitions from PVC 
couplings/female adapters to Type ERMC-S-PVC elbows in direct-burial 
applications. PVC-coated sealing locknuts must not be used in place of conduit hub. 
PVC-coated sealing locknut must cover exposed threads on Type ERMC-S-PVC 
raceway. 

c. Coat field-cut threads on PVC-coated raceway with manufacturer-approved 
corrosion-preventing conductive compound prior to assembly. 

3. Types FMC, LFMC, and LFNC: 
a. Comply with NEMA RV 3. Provide a maximum of 36 inch of flexible conduit for 

equipment subject to vibration, noise transmission, or movement; and for 
transformers and motors. 

4. Types PVC and EPEC: 
a. Do not install Type PVC or Type EPEC conduit where ambient temperature exceeds 

122 deg F . Conductor ratings must be limited to 75 deg C except where installed in 
a trench outside buildings with concrete encasement, where 90 deg C conductors 
are permitted. 

b. Comply with manufacturer's written instructions for solvent welding and fittings. 

D. Raceways Embedded in Slabs: 
1.  Run raceways larger than 1 inch trade size below concrete slab. . 
2. Arrange raceways to cross building expansion joints with expansion fittings at right angles 

to the joint. 
3. Arrange raceways to ensure that each is surrounded by a minimum of 1 inch of concrete 

without voids. 
4. Do not embed threadless fittings in concrete unless locations have been specifically 

approved by Architect. 

E. Stub-ups to Above Recessed Ceilings: 
1. Provide EMT, IMC, or ERMC for raceways. 
2. Provide a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs 

or in an enclosure. 

F. Raceway Fittings: Install fittings in accordance with NEMA FB 2.10 guidelines. 
1. ERMC-S-PVC: Provide only fittings listed for use with this type of conduit. Patch and seal 

joints, nicks, and scrapes in PVC coating after installing conduits and fittings. Provide 
sealant recommended by fitting manufacturer and apply in thickness and number of coats 
recommended by manufacturer. 

2. EMT: Provide setscrew , steel fittings. Comply with NEMA FB 2.10. 
3. Flexible Conduit: Provide only fittings listed for use with flexible conduit type. Comply with 

NEMA FB 2.20. 

G. Expansion-Joint Fittings: 
1. Install in runs of aboveground PVC that are located where environmental temperature 

change may exceed 30 deg F and that have straight-run length that exceeds 25 ft.. Install 
in runs of aboveground ERMC  and EMT conduit that are located where environmental 
temperature change may exceed 100 deg F and that have straight-run length that exceeds 
100 ft.. 

2. Install expansion fittings at locations where conduits cross building or structure expansion 
joints. 

3. Install expansion-joint fitting with position, mounting, and piston setting selected in 
accordance with manufacturer's written instructions for conditions at specific location at 
time of installation. Install conduit supports to allow for expansion movement. 
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H. Raceways Penetrating Rooms or Walls with Acoustical Requirements: 
1. Seal raceway openings on both sides of rooms or walls with acoustically rated putty  or 

firestopping. 

3.4 INSTALLATION OF SURFACE RACEWAYS 

A. Install surface raceways only where indicated on Drawings. 

B. Install surface raceway with a minimum 2 inch radius control at bend points. 

C. Secure surface raceway with screws or other anchor-type devices at intervals not exceeding 
48 inch and with no less than two supports per straight raceway section. Support surface raceway 
in accordance with manufacturer's written instructions. Tape and glue are unacceptable support 
methods. 

3.5 INSTALLATION OF BOXES AND ENCLOSURES 

A. Provide boxes in wiring and raceway systems wherever required for pulling of wires, making 
connections, and mounting of devices or fixtures. 

B. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually 
indicated, give priority to ADA requirements. Install boxes with height measured to center of box 
unless otherwise indicated. 

C. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, 
and install box flush with surface of wall. Prepare block surfaces to provide a flat surface for a 
raintight connection between box and cover plate or supported equipment and box, whether 
installed indoors or outdoors. 

D. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same 
vertical channel. 

E. Locate boxes so that cover or plate will not span different building finishes. 

F. Support boxes in recessed ceilings independent of ceiling tiles and ceiling grid. 

G. Support boxes of three gangs or more from more than one side by spanning two framing members 
or mounting on brackets specifically designed for purpose. 

H. Fasten junction and pull boxes to, or support from, building structure. Do not support boxes by 
conduits. 

I. Set metal floor boxes level and flush with finished floor surface. 

J. Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface. 

K. Do not install aluminum boxes, enclosures, or fittings in contact with concrete or earth. 

L. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in 
the locknut area prior to assembling conduit to enclosure to ensure a continuous ground path. 

M. Boxes and Enclosures in Areas or Walls with Acoustical Requirements: 
1. Seal openings and knockouts in back and sides of boxes and enclosures with acoustically 

rated putty. 
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2. Provide gaskets for wallplates and covers. 

3.6 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 
1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer. 
2. Repair damage to PVC coatings or paint finishes with matching touchup coating 

recommended by manufacturer. 

3.7 CLEANING 

A. Boxes: Remove construction dust and debris from device boxes, outlet boxes, and floor-mounted 
enclosures before installing wallplates, covers, and hoods. 

END OF SECTION 26 05 33
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SECTION 26 05 43 - UNDERGROUND DUCTS AND RACEWAYS 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. Section Includes: 
1. Metal conduits and fittings, including GRC and PVC-coated steel conduit. 
2. Rigid nonmetallic duct. 
3. Flexible nonmetallic duct. 
4. Duct accessories. 
5. Precast concrete handholes. 
6. Polymer concrete handholes and boxes with polymer concrete cover. 
7. Fiberglass handholes and boxes with polymer concrete cover. 
8. Fiberglass handholes and boxes. 
9. High-density plastic boxes. 
10. Precast manholes. 
11. Utility structure accessories. 

1.3 DEFINITIONS 

A. Direct Buried: Duct or a duct bank that is buried in the ground, without any additional casing 
materials such as concrete. 

B. Duct: A single duct or multiple ducts. Duct may be either installed singly or as component of a 
duct bank. 

C. Duct Bank: 
1. Two or more ducts installed in parallel, with or without additional casing materials. 
2. Multiple duct banks. 

D. GRC: Galvanized rigid (steel) conduit. 

E. Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Include duct-bank materials, including spacers and miscellaneous components. 
2. Include duct, conduits, and their accessories, including elbows, end bells, bends, fittings, 

and solvent cement. 
3. Include accessories for manholes, handholes, boxes , and other utility structures. 
4. Include underground-line warning tape. 
5. Include warning planks. 

B. Shop Drawings: 
1. Precast or Factory-Fabricated Underground Utility Structures: 
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a. Include plans, elevations, sections, details, attachments to other work, and 
accessories. 

b. Include duct entry provisions, including locations and duct sizes. 
c. Include reinforcement details. 
d. Include frame and cover design and manhole chimneys. 
e. Include ladder details. 
f. Include grounding details. 
g. Include dimensioned locations of cable rack inserts, pulling-in and lifting irons, and 

sumps. 
h. Include joint details. 

1.5 INFORMATIONAL SUBMITTALS 

1.6 QUALITY ASSURANCE 

1.7 FIELD CONDITIONS 

A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied 
by Owner or others unless permitted under the following conditions, and then only after arranging 
to provide temporary electrical service according to requirements indicated: 
1. Notify Architect no fewer than two days in advance of proposed interruption of electrical 

service. 
2. Do not proceed with interruption of electrical service without Architect's written permission. 

B. Ground Water: Assume ground-water level is 36 inches below ground surface unless a higher 
water table is noted on Drawings. 

PART 2 - PRODUCTS 

2.1 RIGID NONMETALLIC DUCT 

A. Underground Plastic Utilities Duct: Type EPC-80-PVC and Type EPC-40-PVC RNC, complying 
with NEMA TC 2 and UL 651, with matching fittings complying with NEMA TC 3 by same 
manufacturer as duct. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Cantex Inc. 
2. Electri-Flex Company. 
3. IPEX USA LLC. 
4. Opti-Com Manufacturing Network, Inc (OMNI). 

C. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and 
marked for intended location and application. 

D. Solvents and Adhesives: As recommended by conduit manufacturer. 

2.2 FLEXIBLE NONMETALLIC DUCTS 

A. HDPE Duct: Type EPEC-40 HDPE Type EPEC-80 HDPE, complying with NEMA TC 7 and 
UL 651A. 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
a. ARNCO Corp. 

http://www.specagent.com/LookUp/?ulid=1801&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=12656&mf=04&src=wd


   
 

Northwood University  
Northwood University Morey Plaza 
OHM PROJECT # 5076-23-0010 

UNDERGROUND DUCTS AND RACEWAYS 
FOR ELECTRICAL SYSTEMS 

26 05 43 - Page 3 of 12 
Issued for Review: 10/26/2023 

b. Carlon; a brand of Thomas & Betts Corporation. 
c. Opti-Com Manufacturing Network, Inc (OMNI). 

2. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, 
and marked for intended location and application. 

2.3 DUCT ACCESSORIES 

A. Underground-Line Warning Tape: Comply with requirements for underground-line warning tape 
specified in Section 26 05 53 "Identification for Electrical Systems." 

2.4 POLYMER CONCRETE HANDHOLES AND BOXES WITH POLYMER CONCRETE COVER 

A. Description: Molded of sand and aggregate, bound together with a polymer resin, and reinforced 
with steel or fiberglass or a combination of the two. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Armorcast Products Company. 
2. Oldcastle Enclosure Solutions. 
3. Quazite; Hubbell Incorporated, Power Systems. 

C. Standard: Comply with SCTE 77. Comply with tier requirements in "Underground Enclosure 
Application" Article. 

D. Color: Gray . 

E. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise 
indicated. 

F. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load 
rating consistent with enclosure. 

G. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 

H. Cover Legend: Molded lettering, "ELECTRIC."unless otherwise noted.  

I. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering duct for secure, fixed 
installation in enclosure wall. 

J. Handholes 12 inches wide by 24 inches long and larger shall have factory-installed inserts for 
cable racks and pulling-in irons. 

2.5 FIBERGLASS HANDHOLES AND BOXES WITH POLYMER CONCRETE FRAME AND COVER 

A. Description: Sheet-molded, fiberglass-reinforced, polyester resin enclosure joined to polymer 
concrete top ring or frame. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Armorcast Products Company. 
2. Oldcastle Enclosure Solutions. 
3. Quazite; Hubbell Incorporated, Power Systems. 

http://www.specagent.com/LookUp/?ulid=1810&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=1813&mf=04&src=wd
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C. Standard: Comply with SCTE 77. Comply with tier requirements in "Underground Enclosure 
Application" Article. 

D. Color: Gray . 

E. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise 
indicated. 

F. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load 
rating consistent with enclosure. 

G. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 

H. Cover Legend: Molded lettering, "ELECTRIC."unless otherwise noted.  

I. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering duct for secure, fixed 
installation in enclosure wall. 

J. Handholes 12 inches wide by 24 inches long and larger shall have factory-installed inserts for 
cable racks and pulling-in irons. 

2.6 FIBERGLASS HANDHOLES AND BOXES 

A. Description: Molded of fiberglass-reinforced polyester resin, with covers made of fiberglass. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Christy Concrete Products. 
2. Nordic Fiberglass, Inc. 
3. Oldcastle Enclosure Solutions. 
4. Quazite; Hubbell Incorporated, Power Systems. 

C. Standard: Comply with SCTE 77. Comply with tier requirements in "Underground Enclosure 
Application" Article. 

D. Color: Gray . 

E. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise 
indicated. 

F. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load 
rating consistent with enclosure. 

G. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 

H. Cover Legend: Molded lettering, "ELECTRIC." unless otherwise noted. 

I. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering duct for secure, fixed 
installation in enclosure wall. 

J. Handholes 12 inches wide by 24 inches long and larger shall have factory-installed inserts for 
cable racks and pulling-in irons. 

http://www.specagent.com/LookUp/?ulid=1816&mf=04&src=wd


   
 

Northwood University  
Northwood University Morey Plaza 
OHM PROJECT # 5076-23-0010 

UNDERGROUND DUCTS AND RACEWAYS 
FOR ELECTRICAL SYSTEMS 

26 05 43 - Page 5 of 12 
Issued for Review: 10/26/2023 

2.7 PRECAST MANHOLES 

A. Description: One-piece units and units with interlocking mating sections, complete with 
accessories, hardware, and features. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Carder Concrete Products. 
2. Christy Concrete Products. 
3. Elmhurst-Chicago Stone Co. 
4. Oldcastle Precast, Inc. 
5. Rinker Group, Ltd. 
6. Riverton Concrete Products. 
7. Utility Concrete Products, LLC. 
8. Utility Vault Co. 
9. Wausau Tile Inc. 

C. Comply with ASTM C 858. 

D. Structural Design Loading: Comply with requirements in "Underground Enclosure Application" 
Article. 

E. Knockout Panels: Precast openings in walls, arranged to match dimensions and elevations of 
approaching duct, plus an additional 12 inches vertically and horizontally to accommodate 
alignment variations. 
1.  Center window location. 
2. Knockout panels shall be located no less than 6 inches from interior surfaces of walls, 

floors, or roofs of manholes, but close enough to corners to facilitate racking of cables on 
walls. 

3. Knockout panel opening shall have cast-in-place, welded-wire fabric reinforcement for field 
cutting and bending to tie in to concrete envelopes of duct. 

4. Knockout panel shall be framed with at least two additional No. 3 steel reinforcing bars in 
concrete around each opening. 

5. Knockout panels shall be 1-1/2 to 2 inches thick. 

F. Ground Rod Sleeve: Provide a 3-inch PVC sleeve in manhole floors 2 inches from the wall 
adjacent to, but not underneath, the duct entering the structure. 

G. Joint Sealant: Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability 
properties necessary to withstand maximum hydrostatic pressures at the installation location with 
the ground-water level at grade. 

2.8 CAST-IN-PLACE MANHOLES 

A. Description: Underground utility structures, constructed in place, complete with accessories, 
hardware, and features. Include concrete knockout panels for duct entrance and sleeve for 
ground rod. 

B. Materials: Comply with ASTM C 858 and with Section 03 30 00 "Cast-in-Place Concrete." 

C. Structural Design Loading: As specified in "Underground Enclosure Application" Article. 

http://www.specagent.com/LookUp/?ulid=1824&mf=04&src=wd
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2.9 UTILITY STRUCTURE ACCESSORIES 

A. Accessories for Utility Structures: Utility equipment and accessory items used for utility structure 
access and utility support, listed and labeled for intended use and application. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Christy Concrete Products. 
2. Elmhurst-Chicago Stone Co. 
3. Oldcastle Precast, Inc. 
4. Quazite; Hubbell Incorporated, Power Systems. 
5. Riverton Concrete Products. 
6. Utility Concrete Products, LLC. 
7. Utility Vault Co. 
8. Wausau Tile Inc. 

C. Manhole Frames, Covers, and Chimney Components: Comply with structural design loading 
specified for manhole. 
1. Frame and Cover: Weatherproof, gray cast iron complying with ASTM A 48/A 48M, 

Class 30B with milled cover-to-frame bearing surfaces; diameter, 26 inches . 
a. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 
b. Special Covers: Recess in face of cover designed to accept finish material in paved 

areas. 
2. Cover Legend: Cast in. Selected to suit system. 

a. Legend: "ELECTRIC-LV" for duct systems with power wires and cables for systems 
operating at 600 V and less. 

b. Legend: "ELECTRIC-HV" for duct systems with medium-voltage cables. 
3. Manhole Chimney Components: Precast concrete rings with dimensions matched to those 

of roof opening. 
a. Seal joints watertight using preformed plastic or rubber complying with ASTM C 990. 

Install sealing material according to sealant manufacturers' written instructions. 

D. Manhole Sump Frame and Grate: ASTM A 48/A 48M, Class 30B, gray cast iron. 

E. Pulling Eyes in Concrete Walls: Eyebolt with reinforcing-bar fastening insert, 2-inch- diameter 
eye, and 1-by-4-inch bolt. 
1. Working Load Embedded in 6-Inch, 4000-psi Concrete: 13,000-lbf minimum tension. 

F. Pulling Eyes in Nonconcrete Walls: Eyebolt with reinforced fastening, 1-1/4-inch- diameter eye, 
rated 2500-lbf minimum tension. 

G. Pulling-in and Lifting Irons in Concrete Floors: 7/8-inch- diameter, hot-dip galvanized, bent steel 
rod; stress relieved after forming; and fastened to reinforcing rod. Exposed triangular opening. 
1. Ultimate Yield Strength: 40,000-lbf shear and 60,000-lbf tension. 

H. Bolting Inserts for Concrete Utility Structure Cable Racks and Other Attachments: Flared, 
threaded inserts of noncorrosive, chemical-resistant, nonconductive thermoplastic material; 1/2-
inch ID by 2-3/4 inches deep, flared to 1-1/4 inches minimum at base. 
1. Tested Ultimate Pullout Strength: 12,000 lbf minimum. 

I. Ground Rod Sleeve: 3-inch PVC sleeve in manhole floors 2 inches from the wall adjacent to, but 
not underneath, the ducts routed from the facility. 

http://www.specagent.com/LookUp/?ulid=1884&mf=04&src=wd
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J. Expansion Anchors for Installation after Concrete Is Cast: Zinc-plated, carbon-steel-wedge type 
with stainless-steel expander clip with 1/2-inch bolt, 5300-lbf rated pullout strength, and minimum 
6800-lbf rated shear strength. 

K. Cable Rack Assembly: Nonmetallic. Components fabricated from nonconductive, fiberglass-
reinforced polymer. 
1. Stanchions: Nominal 36 inches high by 4 inches wide, with provisions to connect to other 

sections to form a continuous unit, with minimum of nine holes for arm attachment. 
2. Arms: Arranged for secure, drop-in attachment in horizontal position at any location on 

cable stanchions, and capable of being locked in position. Arms shall be available in 
lengths ranging from 3 inches with 450-lb minimum capacity to 20 inches with 250-lb 
minimum capacity. Top of arm shall be nominally 4 inches wide, and arm shall have slots 
along full length for cable ties. 

L. Duct-Sealing Compound: Nonhardening, safe for contact with human skin, not deleterious to 
cable insulation, and workable at temperatures as low as 35 deg F. Capable of withstanding 
temperature of 300 deg F without slump and adhering to clean surfaces of plastic ducts, metallic 
conduit, conduit and duct coatings, concrete, masonry, lead, cable sheaths, cable jackets, 
insulation materials, and common metals. 

M. Fixed Manhole Ladders: Arranged for attachment to wall of manhole. Ladder and mounting 
brackets and braces shall be fabricated from nonconductive, structural-grade, fiberglass-
reinforced resin . 

N. Cover Hooks: Heavy duty, designed for lifts 60 lbf and greater . Two required. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Coordinate layout and installation of duct, duct bank, manholes, handholes, and boxes with final 
arrangement of other utilities, site grading, and surface features as determined in the field. Notify 
Architect if there is a conflict between areas of excavation and existing structures or 
archaeological sites to remain. 

B. Coordinate elevations of duct and duct-bank entrances into manholes, handholes, and boxes with 
final locations and profiles of duct and duct banks, as determined by coordination with other 
utilities, underground obstructions, and surface features. Revise locations and elevations as 
required to suit field conditions and to ensure that duct and duct bank will drain to manholes and 
handholes, and as approved by Architect. 

3.2 UNDERGROUND DUCT APPLICATION 

A. Duct for Electrical Feeders 600 V and Less: Type EPC-80-PVC RNC, direct-buried unless 
otherwise indicated. 

B. Duct for Electrical Branch Circuits: Type EPC-40-PVC RNC, direct-buried unless otherwise 
indicated. 

C. Bored Underground Duct: Type EPEC-40-HDPE unless otherwise indicated. 

3.3 UNDERGROUND ENCLOSURE APPLICATION 

A. Handholes and Boxes for 600 V and Less: 
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1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete. AASHTO HB 17, 
H-20 structural load rating. 

2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, 
Nondeliberate Loading by Heavy Vehicles: Polymer concrete, SCTE 77, Tier 15 structural 
load rating. 

3. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate Loading 
by Vehicles: Polymer Concrete SCTE 77, Tier 15 structural load rating. 

4. Units Subject to Light-Duty Pedestrian Traffic Only: Fiberglass-reinforced polyester resin , 
structurally tested according to SCTE 77 with 3000-lbf vertical loading. 

5. Cover design load shall not exceed the design load of the handhole or box. 

B. Manholes: Precast concrete. 
1. Units Located in Roadways and Other Deliberate Traffic Paths by Heavy or Medium 

Vehicles: H-20 structural load rating according to AASHTO HB 17. 
2. Units Not Located in Deliberate Traffic Paths by Heavy or Medium Vehicles: H-10 load 

rating according to AASHTO HB 17. 

3.4 EARTHWORK 

A. Excavation and Backfill: Comply with Section 31 20 00 "Earth Moving," but do not use heavy-
duty, hydraulic-operated, compaction equipment. 

B. Restoration: Replace area after construction vehicle traffic in immediate area is complete. 

C. Restore surface features at areas disturbed by excavation, and re-establish original grades unless 
otherwise indicated. Replace removed sod immediately after backfilling is completed. 

D. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore 
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and 
mulching. Comply with Section 32 92 00 "Turf and Grasses" and Section 32 93 00 "Plants." 

E. Cut and patch existing pavement in the path of underground duct, duct bank, and underground 
structures according to "Cutting and Patching" Article in Section 01 73 00 "Execution." 

3.5 DUCT AND DUCT-BANK INSTALLATION 

A. Where indicated on Drawings, install duct, spacers, and accessories into the duct-bank 
configuration shown. Duct installation requirements in this Section also apply to duct bank. 

B. Install duct according to NEMA TCB 2. 

C. Slope: Pitch duct a minimum slope of 1:300 down toward manholes and handholes and away 
from buildings and equipment. Slope duct from a high point between two manholes, to drain in 
both directions. 

D. Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use 
manufactured long sweep bends with a minimum radius of 48 inches , both horizontally and 
vertically, at other locations unless otherwise indicated. 
1. Duct shall have maximum of two 90 degree bends or the total of all bends shall be no more 

180 degrees between pull points. 

E. Joints: Use solvent-cemented joints in duct and fittings and make watertight according to 
manufacturer's written instructions. Stagger couplings so those of adjacent duct do not lie in same 
plane. 
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F. Installation Adjacent to High-Temperature Steam Lines: Where duct is installed parallel to 
underground steam lines, perform calculations showing the duct will not be subject to 
environmental temperatures above 40 deg C. Where environmental temperatures are calculated 
to rise above 40 deg C, and anywhere the duct crosses above an underground steam line, install 
insulation blankets listed for direct burial to isolate the duct bank from the steam line. 

G. End Bell Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use end bells, 
spaced approximately 10 inches o.c. for 5-inch duct, and vary proportionately for other duct sizes. 
1. Begin change from regular spacing to end-bell spacing 10 feet from the end bell, without 

reducing duct slope and without forming a trap in the line. 
2. Expansion and Deflection Fittings: Install an expansion and deflection fitting in each duct 

in the area of disturbed earth adjacent to manhole or handhole. Install an expansion fitting 
near the center of all straight line direct-buried duct with calculated expansion of more than 
3/4 inch. 

3. Grout end bells into structure walls from both sides to provide watertight entrances. 

H. Terminator Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use 
manufactured, cast-in-place duct terminators, with entrances into structure spaced approximately 
6 inches o.c. for 4-inch duct, and vary proportionately for other duct sizes. 
1. Begin change from regular spacing to terminator spacing 10 feet from the terminator, 

without reducing duct line slope and without forming a trap in the line. 
2. Expansion and Deflection Fittings: Install an expansion and deflection fitting in each duct 

in the area of disturbed earth adjacent to manhole or handhole. Install an expansion fitting 
near the center of all straight line duct with calculated expansion of more than 3/4 inch. 

I. Building Wall Penetrations: Make a transition from underground duct to GRC at least 10 feet 
outside the building wall, without reducing duct line slope away from the building and without 
forming a trap in the line. Use fittings manufactured for RNC-to-GRC transition. Install GRC 
penetrations of building walls as specified in Section 26 05 44 "Sleeves and Sleeve Seals for 
Electrical Raceways and Cabling." 

J. Sealing: Provide temporary closure at terminations of duct with pulled cables. Seal spare duct at 
terminations. Use sealing compound and plugs to withstand at least 15-psig hydrostatic pressure. 

K. Pulling Cord: Install 200-lbf- test nylon cord in empty ducts. 

L. Direct-Buried Duct and Duct Bank: 
1. Excavate trench bottom to provide firm and uniform support for duct. Comply with 

requirements in Section 31 20 00 "Earth Moving" for preparation of trench bottoms for pipes 
less than 6 inches in nominal diameter. 

2. Width: Excavate trench 12 inches wider than duct on each side. 
3. Width: Excavate trench 3 inches wider than duct on each side. 
4. Depth: Install top of duct at least 36 inches below finished grade unless otherwise indicated 

on plan sheets. 
5. Set elevation of bottom of duct bank below frost line. 
6. Support ducts on duct spacers coordinated with duct size, duct spacing, and outdoor 

temperature. 
7. Spacer Installation: Place spacers close enough to prevent sagging and deforming of duct, 

with not less than five spacers per 20 feet of duct. Place spacers within 24 inches of duct 
ends. Stagger spacers approximately 6 inches between tiers. Secure spacers to earth and 
to ducts to prevent floating during concreting. Tie entire assembly together using fabric 
straps; do not use tie wires or reinforcing steel that may form conductive or magnetic loops 
around ducts or duct groups. 

8. Install duct with a minimum of 3 inches between ducts for like services and 6 inches 
between power and communications duct. 
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9. Elbows: Install manufactured duct elbows for stub-ups, at building entrances, and at 
changes of direction in duct direction unless otherwise indicated. Encase elbows for stub-
up ducts throughout length of elbow. 

10. Install manufactured GRC elbows for stub-ups, at building entrances, and at changes of 
direction in duct. 
a. Couple RNC duct to GRC with adapters designed for this purpose, and encase 

coupling with 3 inches of concrete. 
b. Stub-ups to Outdoor Equipment: Extend concrete-encased GRC horizontally a 

minimum of 60 inches from edge of base. Install insulated grounding bushings on 
terminations at equipment. 
1) Stub-ups shall be flush with finished floor and minimum 3 inchesfrom conduit 

side to edge of slab. 
c. Stub-ups to Indoor Equipment: Extend concrete-encased GRC horizontally a 

minimum of 60 inches from edge of wall. Install insulated grounding bushings on 
terminations at equipment. 
1) Stub-ups shall be flush with finished floor and no less than 3 inchesfrom 

conduit side to edge of slab. 
11. After installing first tier of duct, backfill and compact. Start at tie-in point and work toward 

end of duct run, leaving ducts at end of run free to move with expansion and contraction 
as temperature changes during this process. Repeat procedure after placing each tier. 
After placing last tier, hand place backfill to 4 inches over duct and hand tamp. Firmly tamp 
backfill around ducts to provide maximum supporting strength. Use hand tamper only. After 
placing controlled backfill over final tier, make final duct connections at end of run and 
complete backfilling with normal compaction. Comply with requirements in Section 31 20 
00 "Earth Moving" for installation of backfill materials. 
a. Place minimum 3 inches of sand as a bed for duct. Place sand to a minimum of 6 

inches above top level of duct. 
b. Place minimum 6 inches of engineered fill above concrete encasement of duct. 

M. Warning Planks: Bury warning planks approximately 12 inches above direct-buried duct, placing 
them 24 inches o.c. Align planks along the width and along the centerline of duct or duct bank. 
Provide an additional plank for each 12-inch increment of duct-bank width over a nominal 18 
inches. Space additional planks 12 inches apart, horizontally. 

N. Underground-Line Warning Tape: Bury conducting underground line specified in Section 26 05 
53 "Identification for Electrical Systems" no less than 12 inches above all concrete-encased duct 
and duct banks  and approximately 12 inches below grade. Align tape parallel to and within 3 
inches of centerline of duct bank. Provide an additional warning tape for each 12-inch increment 
of duct-bank width over a nominal 18 inches. Space additional tapes 12 inches apart, horizontally. 

3.6 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES 

A. Cast-in-Place Manhole Installation: 
1. Finish interior surfaces with a smooth-troweled finish. 
2. Knockouts for Future Duct Connections: Form and pour concrete knockout panels 1-1/2 to 

2 inches thick, arranged as indicated. 
3. Comply with requirements in Section 03 30 00 "Cast-in-Place Concrete" for cast-in-place 

concrete, formwork, and reinforcement. 

B. Precast Concrete Handhole and Manhole Installation: 
1. Comply with ASTM C 891 unless otherwise indicated. 
2. Install units level and plumb and with orientation and depth coordinated with connecting 

duct, to minimize bends and deflections required for proper entrances. 
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3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded 
from 1-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed 
earth. 

C. Elevations: 
1. Manhole Roof: Install with rooftop at least 15 inches below finished grade. 
2. Manhole Frame: In paved areas and trafficways, set frames flush with finished grade. Set 

other manhole frames 1 inch above finished grade. 
3. Install handholes with bottom below frost line, below grade. 
4. Handhole Covers: In paved areas and trafficways, set surface flush with finished grade. 

Set covers of other handholes 1 inch above finished grade. 
5. Where indicated, cast handhole cover frame integrally with handhole structure. 

D. Drainage: Install drains in bottom of manholes where indicated. Coordinate with drainage 
provisions indicated. 

E. Manhole Access: Circular opening in manhole roof; sized to match cover size. 
1. Manholes with Fixed Ladders: Offset access opening from manhole centerlines to align 

with ladder. 

F. Hardware: Install removable hardware, including pulling eyes, cable stanchions, and cable arms, 
and insulators, as required for installation and support of cables and conductors and as indicated. 

G. Fixed Manhole Ladders: Arrange to provide for safe entry with maximum clearance from cables 
and other items in manholes. 

H. Field-Installed Bolting Anchors in Manholes and Concrete Handholes: Do not drill deeper than 3-
7/8 inches for manholes and 2 inches for handholes, for anchor bolts installed in the field. Use a 
minimum of two anchors for each cable stanchion. 

3.7 INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE 

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with 
connecting duct, to minimize bends and deflections required for proper entrances. Use box 
extension if required to match depths of duct, and seal joint between box and extension as 
recommended by manufacturer. 

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 
1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth. 

C. Elevation: In paved areas and trafficways, set cover flush with finished grade. Set covers of other 
handholes 1 inch above finished grade. 

D. Install handholes and boxes with bottom below frost line, below grade. 

E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, 
as required for installation and support of cables and conductors and as indicated. Select arm 
lengths to be long enough to provide spare space for future cables, but short enough to preserve 
adequate working clearances in enclosure. 

F. Field cut openings for duct according to enclosure manufacturer's written instructions. Cut wall of 
enclosure with a tool designed for material to be cut. Size holes for terminating fittings to be used, 
and seal around penetrations after fittings are installed. 



   
 

Northwood University  
Northwood University Morey Plaza 
OHM PROJECT # 5076-23-0010 

UNDERGROUND DUCTS AND RACEWAYS 
FOR ELECTRICAL SYSTEMS 

26 05 43 - Page 12 of 12 
Issued for Review: 10/26/2023 

3.8 GROUNDING 

A. Ground underground ducts and utility structures according to Section 26 05 26 "Grounding and 
Bonding for Electrical Systems." 

3.9 CLEANING 

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of duct 
until duct cleaner indicates that duct is clear of dirt and debris. Follow with rubber duct swab for 
final cleaning and to assist in spreading lubricant throughout ducts. 

B. Clean internal surfaces of manholes, including sump. 
1. Sweep floor, removing dirt and debris. 
2. Remove foreign material. 

END OF SECTION 26 05 43
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SECTION 26 05 53 - 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. Section Includes: 
1. Labels. 
2. Tapes and stencils. 
3. Tags. 
4. Miscellaneous identification products. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
1. Include construction details, material descriptions, dimensions of individual components 

and profiles, and finishes for electrical identification products. 

B. Samples: For each type of label and sign to illustrate composition, size, colors, lettering style, 
mounting provisions, and graphic features of identification products. 

C. Identification Schedule: For each piece of electrical equipment and electrical system components 
to be an index of nomenclature for electrical equipment and system components used in 
identification signs and labels. Use same designations indicated on Drawings. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with ASME A13.1  and IEEE C2. 

B. Comply with NFPA 70. 

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

D. Comply with ANSI Z535.4 for safety signs and labels. 

E. Comply with NFPA 70E requirements for arc-flash warning labels. 

F. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used 
by label printers, shall comply with UL 969. 

G. Thermal Movements: Allow for thermal movements from ambient and surface temperature 
changes. 
1. Temperature Change: 120 deg F , ambient; 180 deg F , material surfaces . 
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2.2 LABELS 

A. Self-Adhesive Labels: Vinyl, thermal, transfer-printed, 3-mil- thick, multicolor, weather- and UV-
resistant, pressure-sensitive adhesive labels, configured for intended use and location. 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following, or an equal: 
a. Brady Corporation. 
b. Panduit Corp. 
c. Seton Identification Products; a Brady Corporation company. 

2. Minimum Nominal Size: 
a. 1-1/2 by 6 inches for raceway and conductors. 
b. 3-1/2 by 5 inches for equipment. 
c. As required by authorities having jurisdiction. 

2.3 TAPES AND STENCILS 

A. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils 
thick by 1 to 2 inches wide; compounded for outdoor use. 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following, or an equal: 
a. Brady Corporation. 
b. Carlton Industries, LP. 

B. Underground-Line Warning Tape: 
1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following, or an equal: 
a. Brady Corporation. 
b. Ideal Industries, Inc. 
c. Seton Identification Products; a Brady Corporation company. 

2. Tape: 
a. Recommended by manufacturer for the method of installation and suitable to identify 

and locate underground electrical and communications utility lines. 
b. Printing on tape shall be permanent and shall not be damaged by burial operations. 
c. Tape material and ink shall be chemically inert and not subject to degradation when 

exposed to acids, alkalis, and other destructive substances commonly found in soils. 
3. Color and Printing: 

a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z535.4, and 
ANSI Z535.5. 

b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE, HIGH VOLTAGE" . 
c. Inscriptions for Orange-Colored Tapes: "TELEPHONE CABLE, CATV CABLE, 

COMMUNICATIONS CABLE, OPTICAL FIBER CABLE" . 
4. Tape Type I : 

a. Width: 3 inches. 
b. Thickness: 4 mils. 
c. Weight: 18.5 lb/1000 sq. ft.. 
d. Tensile according to ASTM D882: 30 lbf and 2500 psi. 

C. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall be 1 
inch . 

2.4 TAGS 

A. Nonmetallic Preprinted Tags: Polyethylene tags, 0.023 inch thick, color-coded for phase and 
voltage level, with factory printed permanent designations; punched for use with self-locking cable 
tie fastener. 

http://www.specagent.com/LookUp/?ulid=12613&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=11474&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=11484&mf=04&src=wd
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following, or an equal: 
a. Brady Corporation. 
b. Panduit Corp. 
c. Seton Identification Products; a Brady Corporation company. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Self-Adhesive Identification Products: Before applying electrical identification products, clean 
substrates of substances that could impair bond, using materials and methods recommended by 
manufacturer of identification product. 

3.2 INSTALLATION 

A. Verify and coordinate identification names, abbreviations, colors, and other features with 
requirements in other Sections requiring identification applications, Drawings, Shop Drawings, 
manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent 
designations throughout Project. 

B. Install identifying devices before installing acoustical ceilings and similar concealment. 

C. Verify identity of each item before installing identification products. 

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation 
and maintenance manual. 

E. Apply identification devices to surfaces that require finish after completing finish work. 

F. Install signs with approved legend to facilitate proper identification, operation, and maintenance 
of electrical systems and connected items. 

G. System Identification for Raceways and Cables under 600 V: Identification shall completely 
encircle cable or conduit. Place identification of two-color markings in contact, side by side. 
1. Secure tight to surface of conductor, cable, or raceway. 

H. System Identification for Raceways and Cables over 600 V: Identification shall completely 
encircle cable or conduit. Place adjacent identification of two-color markings in contact, side by 
side. 
1. Secure tight to surface of conductor, cable, or raceway. 

I. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and 
signal connections. 

J. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for viewing 
from the floor. 

K. Accessible Fittings for Raceways: Identify the covers of each junction and pull box of the following 
systems with the wiring system legend and system voltage. System legends shall be as follows: 
1. "EMERGENCY POWER." 
2. "POWER." 
3. "UPS." 

L. Self-Adhesive Labels: 

http://www.specagent.com/LookUp/?ulid=11477&mf=04&src=wd
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1. On each item, install unique designation label that is consistent with wiring diagrams, 
schedules, and operation and maintenance manual. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch- high letters on 1-1/2-
inch- high label; where two lines of text are required, use labels 2 inches high. 

M. Self-Adhesive Vinyl Tape: Secure tight to surface at a location with high visibility and accessibility. 
1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum 

distance of 6 inches where splices or taps are made. Apply last two turns of tape with no 
tension to prevent possible unwinding. 

N. Nonmetallic Preprinted Tags: 
1. Place in a location with high visibility and accessibility. 
2. Secure using cable ties. 

3.3 IDENTIFICATION SCHEDULE 

A. Install identification materials and devices at locations for most convenient viewing without 
interference with operation and maintenance of equipment. Install access doors or panels to 
provide view of identifying devices. 

B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, 
and locations of high visibility. Identify by system and circuit designation. 

C. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch 
Circuits, More Than  A and 120  V to Ground: Identify with self-adhesive raceway labels vinyl tape 
applied in bands. 
1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-foot 

maximum intervals in straight runs, and at 25-foot maximum intervals in congested areas. 

D. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and junction 
boxes, manholes, and handholes, use self-adhesive vinyl tape to identify the phase. 
1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-foot 

maximum intervals in straight runs, and at 25-foot maximum intervals in congested areas. 

E. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, 
manholes, and handholes, use self-adhesive labels with the conductor or cable designation, 
origin, and destination. 

END OF SECTION 26 05 53
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SECTION 26 28 16 - 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 other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. Nonfusible switches. 
2. Molded-case circuit breakers (MCCBs). 
3. Enclosures. 

1.3 DEFINITIONS 

A. NC: Normally closed. 

B. NO: Normally open. 

C. SPDT: Single pole, double throw. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component 
indicated. Include nameplate ratings, dimensioned elevations, sections, weights, and 
manufacturers' technical data on features, performance, electrical characteristics, ratings, 
accessories, and finishes. 
1. Enclosure types and details for types other than NEMA 250, Type 1. 
2. Current and voltage ratings. 
3. Short-circuit current ratings (interrupting and withstand, as appropriate). 
4. Include evidence of a nationally recognized testing laboratory (NRTL) listing for series 

rating of installed devices. 
5. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices, accessories, and auxiliary components. 

B. Shop Drawings: For enclosed switches and circuit breakers. 
1. Include plans, elevations, sections, details, and attachments to other work. 
2. Include wiring diagrams for power, signal, and control wiring. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in 
emergency, operation, and maintenance manuals. 
1. In addition to items specified in Section 01 78 23 "Operation and Maintenance Data," 

include the following: 
a. Manufacturer's written instructions for testing and adjusting enclosed switches and 

circuit breakers. 
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1.6 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. 

1.7 FIELD 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 and not exceeding 104 deg F. 
2. Altitude: Not exceeding 6600 feet. 

1.8 WARRANTY 

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace components that 
fail in materials or workmanship within specified warranty period. 
1. Warranty Period: One year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS 

A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective 
devices, components, and accessories, within same product category, from single manufacturer. 

B. 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. 

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
an NRTL, and marked for intended location and application. 

D. Comply with NFPA 70. 

2.2 NONFUSIBLE SWITCHES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. ABB, Electrification Products Division. 
2. Eaton. 
3. Siemens Industry, Inc., Energy Management Division. 
4. Square D; Schneider Electric USA. 

B. Type HD, Heavy Duty, Three Pole, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and 
NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and 
interlocked with cover in closed position. 

C. Accessories: 
1. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled 

for copper and aluminum neutral conductors. 
2. Auxiliary Contact Kit: One NO/NC (Form "C") auxiliary contact(s), arranged to activate 

before switch blades open. Contact rating - 120-V ac . 
3. Lugs: Mechanical type, suitable for number, size, and conductor material. 

http://www.specagent.com/LookUp/?ulid=2152&mf=04&src=wd
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2.3 MOLDED-CASE CIRCUIT BREAKERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. ABB, Electrification Products Division. 
2. Eaton. 
3. Siemens Industry, Inc., Energy Management Division. 
4. Square D; Schneider Electric USA. 

B. Circuit breakers shall be constructed using glass-reinforced insulating material. Current carrying 
components shall be completely isolated from the handle and the accessory mounting area. 

C. Circuit breakers shall have a toggle operating mechanism with common tripping of all poles, which 
provides quick-make, quick-break contact action. The circuit-breaker handle shall be over center, 
be trip free, and reside in a tripped position between on and off to provide local trip indication. 
Circuit-breaker escutcheon shall be clearly marked on and off in addition to providing international 
I/O markings. Equip circuit breaker with a push-to-trip button, located on the face of the circuit 
breaker to mechanically operate the circuit-breaker tripping mechanism for maintenance and 
testing purposes. 

D. The maximum ampere rating and UL, IEC, or other certification standards with applicable voltage 
systems and corresponding interrupting ratings shall be clearly marked on face of circuit breaker. 
Circuit breakers shall be 100 percent rated .  

E. MCCBs shall be equipped with a device for locking in the isolated position. 

F. Lugs shall be suitable for 167 deg F rated wire . 

G. Standard: Comply with UL 489 with interrupting capacity to comply with available fault currents. 

H. Thermal-Magnetic Circuit Breakers: Inverse time-current thermal element for low-level overloads 
and instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for 
circuit-breaker frame sizes 100 A. 
1. Thermal Magnetic to be used for circuit breakers rated smaller than 100 Amps. 

I. Electronic Trip Circuit Breakers to be used on circuits rated at or larger than 125 Amps 
1. Electronic Trip Circuit Breakers: Field-replaceable rating plug, rms sensing, 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 I-squared t response. 

J. Ground-Fault Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole configurations with 
Class A ground-fault protection (6-mA trip). 

K. Ground-Fault Equipment-Protection (GFEP) Circuit Breakers: With Class B ground-fault 
protection (30-mA trip). 

L. Features and Accessories: 
1. Standard frame sizes, trip ratings, and number of poles. 
2. Lugs: Mechanical type, suitable for number, size, trip ratings, and conductor material. 

http://www.specagent.com/LookUp/?ulid=2155&mf=04&src=wd
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2.4 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, NEMA 250, and UL 50, to comply 
with environmental conditions at installed location. 

B. Enclosure Finish: The enclosure shall be gray baked enamel paint, electrodeposited on cleaned, 
phosphatized steel (NEMA 250 Type 1) . 

C. Conduit Entry: NEMA 250 Types 4, 4X, and 12 enclosures shall contain no knockouts. NEMA 250 
Types 7 and 9 enclosures shall be provided with threaded conduit openings in both endwalls. 

D. Operating Mechanism: The circuit-breaker operating handle shall be externally operable with the 
operating mechanism being an integral part of the box, not the cover . The cover interlock 
mechanism shall have an externally operated override. The override shall not permanently 
disable the interlock mechanism, which shall return to the locked position once the override is 
released. The tool used to override the cover interlock mechanism shall not be required to enter 
the enclosure in order to override the interlock. 

E. Enclosures designated as NEMA 250 Type 4, 4X stainless steel, 12, or 12K shall have a dual 
cover interlock mechanism to prevent unintentional opening of the enclosure cover when the 
circuit breaker is ON and to prevent turning the circuit breaker ON when the enclosure cover is 
open. 

F. NEMA 250 Type 7/9 enclosures shall be furnished with a breather and drain kit to allow their use 
in outdoor and wet location applications. 

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 of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 
1. Commencement of work shall indicate Installer's acceptance of the areas and conditions 

as satisfactory. 

3.2 PREPARATION 

A. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied by 
Owner or others unless permitted under the following conditions and then only after arranging to 
provide temporary electric service according to requirements indicated: 
1. Notify Architect no fewer than seven days in advance of proposed interruption of electric 

service. 
2. Indicate method of providing temporary electric service. 
3. Do not proceed with interruption of electric service without Architect's written permission. 
4. Comply with NFPA 70E. 

3.3 ENCLOSURE ENVIRONMENTAL RATING APPLICATIONS 

A. Enclosed Switches and Circuit Breakers: Provide enclosures at installed locations with the 
following environmental ratings. 
1. Indoor, Dry and Clean Locations: NEMA 250, Type 1 . 
2. Outdoor Locations: NEMA 250, Type 3R . 
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3.  Wash-Down Areas: NEMA 250, Type 4X , stainless steel . 
4. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4 . 
5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: 

NEMA 250, Type 12. 

3.4 INSTALLATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with equipment 
served and adjacent surfaces. Maintain required workspace clearances and required clearances 
for equipment access doors and panels. 

B. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 
otherwise indicated. 

C. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components. 

D. Install fuses in fusible devices. 

E. Comply with NFPA 70 and NECA 1. 

3.5 IDENTIFICATION 

A. Comply with requirements in Section 26 05 53 "Identification for Electrical Systems." 
1. Identify field-installed conductors, interconnecting wiring, and components; provide 

warning signs. 
2. Label each enclosure with engraved metal or laminated-plastic nameplate. 

3.6 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip rangesper engineers direction.  

END OF SECTION 26 28 16





   
 

Northwood University  
Northwood University Morey Plaza 
OHM PROJECT # 5076-23-0010 

VARIABLE-FREQUENCY MOTOR 
CONTROLLERS 

26 29 23 - Page 1 of 8 
Issued for Review: 10/26/2023 

SECTION 26 29 23 - VARIABLE-FREQUENCY MOTOR CONTROLLERS 

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 separately enclosed, preassembled, combination VFCs, rated 600 V and less, 
for speed control of three-phase, squirrel-cage induction motors. 

1.3 DEFINITIONS 

A. CE: Conformite Europeene (European Compliance). 

B. CPT: Control power transformer. 

C. DDC: Direct digital control. 

D. EMI: Electromagnetic interference. 

E. LED: Light-emitting diode. 

F. NC: Normally closed. 

G. NO: Normally open. 

H. OCPD: Overcurrent protective device. 

I. PID: Control action, proportional plus integral plus derivative. 

J. RFI: Radio-frequency interference. 

K. VFC: Variable-frequency motor controller. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type and rating of VFC indicated. 
1. Include dimensions and finishes for VFCs. 
2. Include rated capacities, operating characteristics, electrical characteristics, and furnished 

specialties and accessories. 

B. Shop Drawings: For each VFC indicated. 
1. Include mounting and attachment details. 
2. Include details of equipment 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. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Floor plans, drawn to scale, showing dimensioned layout on which the 
following items are shown and coordinated with each other, using input from installers of the items 
involved: 
1. Required working clearances and required area above and around VFCs. 
2. Show VFC layout and relationships between electrical components and adjacent structural 

and mechanical elements. 
3. Show support locations, type of support, and weight on each support. 
4. Indicate field measurements. 

B. Product Certificates: For each VFC from manufacturer. 

C. Harmonic Analysis Report: Provide Project-specific calculations and manufacturer's statement of 
compliance with IEEE 519. 

D. Sample Warranty: For special warranty. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For VFCs to include in emergency, operation, and 
maintenance manuals. 
1. In addition to items specified in Section 01 78 23 "Operation and Maintenance Data," 

include the following: 
a. Manufacturer's written instructions for testing and adjusting thermal-magnetic circuit 

breaker and motor-circuit protector trip settings. 
b. Manufacturer's written instructions for setting field-adjustable overload relays. 
c. Manufacturer's written instructions for testing, adjusting, and reprogramming 

microprocessor control modules. 
d. Manufacturer's written instructions for setting field-adjustable timers, controls, and 

status and alarm points. 
e. Load-Current and List of Settings of Adjustable Overload Relays: Compile after 

motors have been installed, and arrange to demonstrate that switch settings for 
motor-running overload protection suit actual motors to be protected. 

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. Power Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer 

than three of each size and type. 
2. Control Power Fuses: Equal to 10 percent of quantity installed for each size and type, but 

no fewer than two of each size and type. 
3. Indicating Lights: Two of each type and color installed. 
4. Auxiliary Contacts: Furnish one spare(s) for each size and type of magnetic controller 

installed. 
5. Power Contacts: Furnish one spares for each size and type of magnetic contactor installed. 

1.8 QUALITY ASSURANCE 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Product Selection for Restricted Space: Drawings indicate maximum dimensions for VFCs, 
including clearances between VFCs, and adjacent surfaces and other items. 
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1.10 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace VFCs that fail in materials or 
workmanship within specified warranty period. 
1. Warranty Period: Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. ABB, Electrification Products Division. 
2. Rockwell Automation, Inc. 
3. Schneider Electric USA, Inc. 
4. Yaskawa Electric America, Inc. 

2.2 SYSTEM DESCRIPTION 

A. General Requirements for VFCs: 
1. VFCs and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing 

agency, and marked for intended location and application. 
2. Comply with NEMA ICS 7, NEMA ICS 61800-2, and UL 508A . 

B. Application: variable torque . 

C. VFC Description: Variable-frequency motor controller, consisting of power converter that employs 
pulse-width-modulated inverter, factory built and tested in an enclosure, with integral 
disconnecting means and overcurrent and overload protection; listed and labeled by an NRTL as 
a complete unit; arranged to provide self-protection, protection, and variable-speed control of one 
or more three-phase induction motors by adjusting output voltage and frequency. 
1. VFD shall be an "Open loop vector" style VFD such that it shall be able to maintain 100% 

torque down to 3 Hz. 
2. Units suitable for operation of NEMA MG 1, Design A and Design B motors, as defined by 

NEMA MG 1, Section IV, Part 30, "Application Considerations for Constant Speed Motors 
Used on a Sinusoidal Bus with Harmonic Content and General Purpose Motors Used with 
Adjustable-Voltage or Adjustable-Frequency Controls or Both." 

3. Units suitable for operation of inverter-duty motors as defined by NEMA MG 1, Section IV, 
Part 31, "Definite-Purpose Inverter-Fed Polyphase Motors." 

4. Listed and labeled for integrated short-circuit current (withstand) rating by an NRTL 
acceptable to authorities having jurisdiction. 

D. 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. 

E. Output Rating: Three phase; 10 to 60 Hz, with voltage proportional to frequency throughout 
voltage range ; maximum voltage equals input voltage. 

F. Note "open loop vector" requirements 2.2.1.C.1 above. 

G. Unit Operating Requirements: 
1. Input AC Voltage Tolerance: Plus 10 and minus 10 percent of VFC input voltage rating. 
2. Input AC Voltage Unbalance: Not exceeding 5 percent. 
3. Input Frequency Tolerance: Plus or minus 3 percent of VFC frequency rating. 

http://www.specagent.com/LookUp/?ulid=2177&mf=04&src=wd
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4. Minimum Efficiency: 97 percent at 60 Hz, full load. 
5. Minimum Displacement Primary-Side Power Factor: 97 percent under any load or speed 

condition. 
6. Minimum Short-Circuit Current (Withstand) Rating: 65 kA. 
7. Ambient Temperature Rating: Not less than 32 deg F and not exceeding 104 deg F. 
8. Humidity Rating: Less than 95 percent (noncondensing). 
9. Altitude Rating: Not exceeding 3300 feet. 
10. Vibration Withstand: Comply with NEMA ICS 61800-2. 
11. Overload Capability: 1.1 times the base load current for 60 seconds; minimum of 1.8 times 

the base load current for three seconds. 
12. Starting Torque: Minimum 100 percent of rated torque from 3 to 60 Hz. 
13. Speed Regulation: Plus or minus 5 percent. 
14. Output Carrier Frequency: Selectable; 0.5 to 15 kHz. 
15. Stop Modes: Programmable; includes fast, free-wheel, and dc injection braking. 

H. Inverter Logic: Microprocessor based, isolated from all power circuits. 

I. Isolated Control Interface: Allows VFCs to follow remote-control signal over a minimum 40:1 
speed range. 
1. Signal: Electrical . 

J. Internal Adjustability Capabilities: 
1. Minimum Speed: 5 to 25 percent of maximum rpm. 
2. Maximum Speed: 80 to 100 percent of maximum rpm. 
3. Acceleration: 0.1 to 999.9 seconds. 
4. Deceleration: 0.1 to 999.9 seconds. 
5. Current Limit: 30 to minimum of 150 percent of maximum rating. 
6. Up to 4 internally programmable speed set points based on position (off/on) of digital 

inputs. 

K. Self-Protection and Reliability Features: 
1. Surge Suppression: Factory installed as an integral part of the VFC, complying with 

UL 1449 SPD, Type 1 or Type 2. 
2. Under- and overvoltage trips. 
3. Inverter overcurrent trips. 
4. VFC and Motor-Overload/Overtemperature Protection: Microprocessor-based thermal 

protection system for monitoring VFCs and motor thermal characteristics, and for providing 
VFC overtemperature and motor-overload alarm and trip; settings selectable via the 
keypad. 

5. Critical frequency rejection, with three selectable, adjustable deadbands. 
6. Instantaneous line-to-line and line-to-ground overcurrent trips. 
7. Loss-of-phase protection. 
8. Reverse-phase protection. 
9. Short-circuit protection. 
10. Motor-overtemperature fault. 
11. . 

L. Automatic Reset/Restart: Attempt three restarts after drive fault or on return of power after an 
interruption and before shutting down for manual reset or fault correction; adjustable delay time 
between restart attempts. 

M. Power-Interruption Protection: To prevent motor from re-energizing after a power interruption until 
motor has stopped, unless "Bidirectional Autospeed Search" feature is available and engaged. 



   
 

Northwood University  
Northwood University Morey Plaza 
OHM PROJECT # 5076-23-0010 

VARIABLE-FREQUENCY MOTOR 
CONTROLLERS 

26 29 23 - Page 5 of 8 
Issued for Review: 10/26/2023 

N. Torque Boost: Automatically varies starting and continuous torque to at least 1.5 times the 
minimum torque to ensure high-starting torque and increased torque at slow speeds. 

O. Motor Temperature Compensation at Slow Speeds: Adjustable current fall-back based on output 
frequency for temperature protection of self-cooled, fan-ventilated motors at slow speeds. 

P. Integral Input Disconnecting Means and OCPD: Nema KS1, nonfusible switch with pad-lockable, 
door-mounted handle mechanism. 
1. Disconnect Rating: Not less than 115 percent of NFPA 70 motor full-load current rating or 

VFC input current rating, whichever is larger. 
2. Auxiliary Contacts: NO or NC, arranged to activate before switch blades open. 
3. Auxiliary contacts "a" and "b" arranged to activate with circuit-breaker handle. 

2.3 PERFORMANCE REQUIREMENTS 

2.4 CONTROLS AND INDICATION 

A. Status Lights: Door-mounted LED indicators displaying the following conditions: 
1. Power on. 
2. Run. 
3. Overvoltage. 
4. Line fault. 
5. Overcurrent. 
6. External fault. 

B. Panel-Mounted Operator Station: Manufacturer's standard front-accessible, sealed keypad and 
plain-English-language digital display; allows complete programming, program copying, 
operating, monitoring, and diagnostic capability. 
1. Keypad: In addition to required programming and control keys, include keys for HAND, 

OFF, and AUTO modes. 
2. Security Access: Provide electronic security access to controls through identification and 

password with at least three levels of access: View only; view and operate; and view, 
operate, and service. 
a. Control Authority: Supports at least four conditions: Off, local manual control at VFC, 

local automatic control at VFC, and automatic control through a remote source. 

C. Historical Logging Information and Displays: 
1. Real-time clock with current time and date. 
2. Running log of total power versus time. 
3. Total run time. 
4. Fault log, maintaining last four faults with time and date stamp for each. 

D. Indicating Devices: Digital display mounted flush in VFC door and connected to display VFC 
parameters including, but not limited to: 
1. Output frequency (Hz). 
2. Motor speed (rpm). 
3. Motor status (running, stop, fault). 
4. Motor current (amperes). 
5. Motor torque (percent). 
6. Fault or alarming status (code). 
7. PID feedback signal (percent). 
8. DC-link voltage (V dc). 
9. Set point frequency (Hz). 
10. Motor output voltage (V ac). 
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E. Control Signal Interfaces: 
1. Electric Input Signal Interface: 

a. A minimum of two programmable analog inputs: 4- to 20-mA dc . 
b. A minimum of six multifunction programmable digital inputs. 

2. Remote Signal Inputs: Capability to accept any of the following speed-setting input signals 
from the DDC system for HVAC or other control systems: 
a. 0- to 10-V dc. 
b. 4- to 20-mA dc. 
c. Fixed frequencies using digital inputs. 

3. Output Signal Interface: A minimum of one programmable analog output signal(s) ( 4- to 
20-mA dc ), which can be configured for any of the following: 
a. Output frequency (Hz). 
b. Output current (load). 
c. Motor torque (percent). 
d. Motor speed (rpm). 
e. Set point frequency (Hz). 

4. Remote Indication Interface: A minimum of two programmable dry-circuit relay outputs 
(120-V ac, 1 A) for remote indication of the following: 
a. Motor running. 
b. Fault and warning indication (overtemperature or overcurrent). 

F. PID Control Interface: Provides closed-loop set point, differential feedback control in response to 
dual feedback signals. Allows for closed-loop control of fans and pumps for pressure, flow, or 
temperature regulation. 
1. Number of Loops: One . 

2.5 LINE CONDITIONING AND FILTERING 

A. Input Line Conditioning: Manufacturers standard input line reactors. 

B. Output Filtering: manufacturer standard output filtering . 

C. EMI/RFI Filtering: CE marked; certify compliance with IEC 61800-3 for Category C2 . 

2.6 ENCLOSURES 

A. VFC Enclosures: NEMA 250, to comply with environmental conditions at installed location. 
1. Dry and Clean Indoor Locations: Type 1 . 
2. Outdoor Locations: Type 4X . 
3. Other Wet or Damp Indoor Locations: Type 4 . 
4. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: Type 12. 
5. . 

2.7 ACCESSORIES 

A. Cooling Fan and Exhaust System: For NEMA 250, Type 12 ; UL 508 component recognized: 
Supply fan, with stainless-steel intake and exhaust grills and filters ; 120 -V ac; obtained from 
integral CPT . 

B. . 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas, surfaces, and substrates to receive VFCs, with Installer present, for compliance 
with requirements for installation tolerances, and other conditions affecting performance of the 
Work. 

B. Examine VFC before installation. Reject VFCs that are wet, moisture damaged, or mold 
damaged. 

C. Examine roughing-in for conduit systems to verify actual locations of conduit connections before 
VFC installation. 

D. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of the 
Work 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Wall-Mounting Controllers: Install with tops at uniform height and with disconnect operating 
handles not higher than 79 inches above finished floor, unless otherwise indicated, and by bolting 
units to wall or mounting on lightweight structural-steel channels bolted to wall. For controllers not 
on walls, provide freestanding racks complying with Section 26 05 29 "Hangers and Supports for 
Electrical Systems." 

B. Floor-Mounting Controllers: Install VFCs on 4-inch nominal thickness concrete base. Comply with 
requirements for concrete base specified in Section 03 30 00 "Cast-in-Place Concrete." 
1. 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 concrete base. 
2. For supported equipment, install epoxy-coated anchor bolts that extend through concrete 

base and anchor into structural concrete floor. 
3. Place and secure anchorage devices. Use setting drawings, templates, diagrams, 

instructions, and directions furnished with items to be embedded. 
4. Install anchor bolts to elevations required for proper attachment to supported equipment. 

C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from enclosures and components. 

D. Install fuses in each fusible-switch VFC. 

E. Install heaters in thermal-overload relays. Select heaters based on actual nameplate full-load 
amperes after motors are installed. 

F. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven 
equipment. 

G. Comply with NECA 1. 

3.3 CONTROL WIRING INSTALLATION 

A. Install wiring between VFCs and remote devices.  
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B. Bundle, train, and support wiring in enclosures. 

C. Connect selector switches and other automatic-control devices where applicable. 
1. Connect selector switches to bypass only those manual- and automatic-control devices 

that have no safety functions when switches are in manual-control position. 
2. Connect selector switches with control circuit in both manual and automatic positions for 

safety-type control devices such as low- and high-pressure cutouts, high-temperature 
cutouts, and motor-overload protectors. 

3.4 IDENTIFICATION 

A. Identify VFCs, components, and control wiring. Comply with requirements for identification 
specified in Section 26 05 53 "Identification for Electrical Systems." 
1. Identify field-installed conductors, interconnecting wiring, and components; provide 

warning signs. 
2. Label each VFC with engraved nameplate. 
3. Label each enclosure-mounted control and pilot device. 

B. Operating Instructions: Frame printed operating instructions for VFCs, including control 
sequences and emergency procedures. Fabricate frame of finished metal, and cover instructions 
with clear acrylic plastic. Mount on front of VFC units. 

3.5 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. 

3.6 ADJUSTING 

A. Program microprocessors for required operational sequences, status indications, alarms, event 
recording, and display features. Clear events memory after final acceptance testing and prior to 
Substantial Completion. 

B. Set the taps on reduced-voltage autotransformer controllers. 

C. Set field-adjustable circuit-breaker trip ranges as specified by engineer. 

3.7 PROTECTION 

A. Replace VFCs whose interiors have been exposed to water or other liquids prior to Substantial 
Completion. 

3.8 DEMONSTRATION 

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, reprogram, and maintain VFCs. 

END OF SECTION 26 29 23
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SECTION 26 56 19 - LED EXTERIOR LIGHTING 

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. Luminaire types. 
2. Materials. 
3. Finishes. 
4. Luminaire support components. 

1.3 DEFINITIONS 

A. CCT: Correlated color temperature. 

B. CRI: Color rendering index. 

C. Fixture: See "Luminaire." 

D. IP: International Protection or Ingress Protection Rating. 

E. Lumen: Measured output of lamp and luminaire, or both. 

F. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of luminaire. 
1. Arrange in order of luminaire designation. 
2. Include data on features, accessories, and finishes. 
3. Include physical description and dimensions of luminaire. 
4. Lamps, include life, output (lumens, CCT, and CRI), and energy-efficiency data. 
5. Photometric data and adjustment factors based on laboratory tests, complying with IES 

Lighting Measurements Testing and Calculation Guides, of each luminaire type. The 
adjustment factors shall be for lamps and accessories identical to those indicated for the 
luminaire as applied in this Project IES LM-79 IES LM-80. 
a. Manufacturer's Certified Data: Photometric data certified by manufacturer's 

laboratory with a current accreditation under the NVLAP for Energy Efficient Lighting 
Products. 

b. Testing Agency Certified Data: For indicated luminaires, photometric data certified 
by a qualified independent testing agency. Photometric data for remaining 
luminaires shall be certified by manufacturer. 

6. Wiring diagrams for power, control, and signal wiring. 
7. Means of attaching luminaires to supports and indication that the attachment is suitable for 

components involved. 

B. Shop Drawings: For nonstandard or custom luminaires. 
1. Include plans, elevations, sections, and mounting and attachment details. 
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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. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing laboratory providing photometric data for luminaires. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires and photoelectric relays to include in operation 
and maintenance manuals. 
1. Provide a list of all lamp types used on Project. Use ANSI and manufacturers' codes. 
2. Provide a list of all photoelectric relay types used on Project; use manufacturers' codes. 

1.7 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications: 
1. Luminaire manufacturers' laboratory that is accredited under the NVLAP for Energy 

Efficient Lighting Products. 
2. Provided by an independent agency, with the experience and capability to conduct the 

testing indicated, that is an NRTL as defined by OSHA in 29 CFR 1910.7, accredited under 
the NVLAP for Energy Efficient Lighting Products and complying with applicable IES testing 
standards. 

B. Provide luminaires from a single manufacturer for each luminaire type. 

C. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color 
consistency among luminaires. 

D. Installer Qualifications: An authorized representative who is trained and approved by 
manufacturer. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering prior 
to shipping. 

1.9 FIELD CONDITIONS 

A. Verify existing and proposed utility structures prior to the start of work associated with luminaire 
installation. 

B. Mark locations of exterior luminaires for approval by Architect prior to the start of luminaire 
installation. 

1.10 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that fail 
in materials or workmanship within specified warranty period. 
1. Failures include, but are not limited to, the following: 

a. Structural failures, including luminaire support components. 
b. Faulty operation of luminaires and accessories. 
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c. Deterioration of metals, metal finishes, and other materials beyond normal 
weathering. 

2. Warranty Period: 5 year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

2.2 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. NRTL Compliance: Luminaires shall be listed and labeled for indicated class and division of 
hazard by an NRTL. 

C. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for 
indicated class and division of hazard by FM Global. 

D. UL Compliance: Comply with UL 1598  and listed for wet location. 

E.   

F.  

G. CRI minimum of 70 . CCT per fixture schedule 

H. L70 lamp life minimum of 100,000 hours. 

I. Lamps dimmable from 100 percent to minimum of 10 percent of maximum light output. 

J. Internal driver. 

K. Nominal Operating Voltage: Universal. 

L. Source Limitations: 
1. Obtain luminaires from single source from a single manufacturer. 
2. For luminaires, obtain each color, grade, finish, type, and variety of luminaire from single 

source with resources to provide products of consistent quality in appearance and physical 
properties. 

2.3 LUMINAIRE TYPES 

A. Area and Site: 
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the 
following: 
a. Cooper Lighting Solutions; Signify North America Corp. 
b. Lithonia Lighting; Acuity Brands Lighting, Inc. 
c. RAB Lighting. 

2. Luminaire-Mounting Height: As shown on plans. . 
3. Diffusers and Globes: Clear glass . 
4. Housings: 

a.  Extruded-aluminum housing and heat sink. 
b.  powder-coat finish. 

http://www.specagent.com/LookUp/?ulid=11872&mf=04&src=wd
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2.4 MATERIALS 

A. Metal Parts: Free of burrs and sharp corners and edges. 

B. Sheet Metal Components: Corrosion-resistant aluminum . Form and support to prevent warping 
and sagging. 

C. 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. Doors shall be removable for cleaning or replacing 
lenses. 

D. Diffusers and Globes: 
1. Acrylic Diffusers: 100 percent virgin acrylic plastic, with high resistance to yellowing and 

other changes due to aging, exposure to heat, and UV radiation. 
2. Glass: Annealed crystal glass unless otherwise indicated. 
3. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated. 

E. Lens and Refractor Gaskets: Use heat- and aging-resistant resilient gaskets to seal and cushion 
lenses and refractors in luminaire doors. 

F. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated: 
1. White Surfaces: 85 percent. 
2. Specular Surfaces: 83 percent. 
3. Diffusing Specular Surfaces: 75 percent. 

G. Housings: 
1. Rigidly formed, weather- and light-tight enclosure that will not warp, sag, or deform in use. 
2. Provide filter/breather for enclosed luminaires. 

H. Factory-Applied Labels: Comply with UL 1598. Labels shall be located where they will be readily 
visible to service personnel, but not seen from normal viewing angles when luminaire is in place. 
1. Label shall include the following luminaire characteristics: 

a. Luminaire model number, CCT, CRI, Lumen output, voltage and wattage. 

2.5 FINISHES 

A. Variations in Finishes: Noticeable variations in same piece are unacceptable. 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. 

B. Luminaire Finish: Manufacturer's standard paint applied to factory-assembled and -tested 
luminaire before shipping. Where indicated, match finish process and color of pole or support 
materials. 

C. Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal Finishes Manual 
for Architectural and Metal Products" for recommendations for applying and designating finishes. 
1. Finish designations prefixed by AA comply with the system established by the Aluminum 

Association for designating aluminum finishes. 
2. Natural Satin Finish: Provide fine, directional, medium satin polish (AA-M32); buff 

complying with AA-M20 requirements; and seal aluminum surfaces with clear, hard-coat 
wax. 
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3. Class I, Clear-Anodic Finish: AA-M32C22A41 (Mechanical Finish: Medium satin; Chemical 
Finish: Etched, medium matte; Anodic Coating: Architectural Class I, clear coating 0.018 
mm or thicker) complying with AAMA 611. 

4. Class I, Color-Anodic Finish: AA-M32C22A42/A44 (Mechanical Finish: Medium satin; 
Chemical Finish: Etched, medium matte; Anodic Coating: Architectural Class I, integrally 
colored or electrolytically deposited color coating 0.018 mm or thicker), complying with 
AAMA 611. 
a. Color: Per light fixture schedule . 

D. Factory-Applied Finish for Steel Luminaires: Comply with NAAMM's "Metal Finishes Manual for 
Architectural and Metal Products" for recommendations for applying and designating finishes. 
1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, to remove dirt, oil, grease, 

and other contaminants that could impair paint bond. Grind welds and polish surfaces to a 
smooth, even finish. Remove mill scale and rust, if present, from uncoated steel, complying 
with SSPC-SP 5/NACE No. 1 or SSPC-SP 8. 

2. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of primer 
and two finish coats of high-gloss, high-build polyurethane enamel. 
a. Color: 

1) As selected by Architect from manufacturer's full range. 

2.6 LUMINAIRE SUPPORT COMPONENTS 

A. Comply with requirements in Section 26 05 29 "Hangers and Supports for Electrical Systems" for 
channel and angle iron supports and nonmetallic channel and angle supports. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance of the Work. 

B. Examine roughing-in for luminaire electrical conduit to verify actual locations of conduit 
connections before luminaire installation. 

C. Examine walls, roofs, for suitable conditions where luminaires will be installed. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 TEMPORARY LIGHTING 

A. If approved by the Architect, use selected permanent luminaires for temporary lighting. When 
construction is substantially complete, clean luminaires used for temporary lighting. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Comply with NECA 1. 

B. Use fastening methods and materials selected to resist seismic forces defined for the application 
and approved by manufacturer. 

C. Fasten luminaire to structural support. 

D. Wiring Method: Install cables in raceways. Conceal raceways and cables. 
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E.  Install luminaires level, plumb, and square with finished grade unless otherwise indicated.  

F. Coordinate layout and installation of luminaires with other construction. 

G. Adjust luminaires that require field adjustment or aiming. Include adjustment of photoelectric 
device to prevent false operation of relay by artificial light sources, favoring a north orientation. 

H. Comply with requirements in Section 26 05 19 "Low-Voltage Electrical Power Conductors and 
Cables" and Section 26 05 33 "Raceways and Boxes for Electrical Systems" for wiring 
connections and wiring methods. 

3.4 CORROSION PREVENTION 

A. Aluminum: Do not use in contact with earth or concrete. When in direct contact with a dissimilar 
metal, protect aluminum by insulating fittings or treatment. 

B. Steel Conduits: Comply with Section 26 05 33 "Raceways and Boxes for Electrical Systems." In 
concrete foundations, wrap conduit with 0.010-inch- thick, pipe-wrapping plastic tape applied with 
a 50 percent overlap. 

3.5 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 26 05 53 "Identification for Electrical Systems." 

3.6 FIELD QUALITY CONTROL 

A. Inspect each installed luminaire for damage. Replace damaged luminaires and components. 

B. 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. Verify operation of photoelectric controls. 

C. Illumination Tests: 
1. Operational Test: After installing luminaires, switches, and accessories, and after electrical 

circuitry has been energized, test units to confirm proper operation. 

D. Luminaire will be considered defective if it does not pass tests and inspections. 

E. Prepare a written report of tests, inspections, observations, and verifications indicating and 
interpreting results. If adjustments are made to lighting system, retest to demonstrate compliance 
with standards. 

3.7 DEMONSTRATION 

A.  Train Owner's maintenance personnel to adjust, operate, and maintain luminaires. 

3.8 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, 
provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied 
conditions. Make up to two visits to Project during other-than-normal hours for this purpose. Some 
of this work may be required during hours of darkness. 
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1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that are 
defective. 

2. Parts and supplies shall be manufacturer's authorized replacement parts and supplies. 
3. Adjust the aim of luminaires in the presence of the Architect. 

END OF SECTION 26 56 19
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SECTION 311000 - SITE CLEARING 

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. Protecting existing vegetation to remain. 
2. Removing existing vegetation. 
3. Clearing and grubbing. 
4. Stripping and stockpiling topsoil. 
5. Removing above- and below-grade site improvements including pavement, structures, and 

vaults. 
6. Disconnecting, capping or sealing, and removing site utilities. 
7. Abandonment of buried structures 

1.3 DEFINITIONS 

A. Subsoil: All soil beneath the topsoil layer of the soil profile and typified by the lack of organic 
matter and soil organisms. 

B. Surface Soil: Soil that is present at the top layer of the existing soil profile at the Project site. In 
undisturbed areas, the surface soil is typically topsoil; but in disturbed areas such as urban 
environments, the surface soil can be subsoil. 

C. Topsoil: Top layer of the soil profile consisting of existing native surface topsoil or existing in-
place surface soil and is the zone where plant roots grow. Its appearance is generally friable, 
pervious, and black or a darker shade of brown, gray, or red than underlying subsoil; reasonably 
free of subsoil, clay lumps, gravel, and other objects more than 2 inches in diameter; and free of 
subsoil and weeds, roots, toxic materials, or other nonsoil materials. 

D. Tree-Protection Zone: Area surrounding individual trees or groups of trees to be protected during 
construction, and indicated on Drawings and defined by a circle concentric with each tree with a 
radius 1.5 times the diameter of the drip line unless otherwise indicated. 

E. Vegetation: Trees, shrubs, groundcovers, grass, and other plants. 

1.4 MATERIAL OWNERSHIP 

A. Except for stripped topsoil and spoils materials indicated to be stockpiled on-site, transported off-
site to designated location or otherwise remain Owner's property, cleared materials shall become 
Contractor's property and shall be removed from Project site. 
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1.5 SUBMITTALS 

A. Existing Conditions: Documentation of existing trees and plantings, adjoining construction, and 
site improvements that establishes preconstruction conditions that might be misconstrued as 
damage caused by site clearing. 
1. Use sufficiently detailed photographs or videotape. 
2. Include plans and notations to indicate specific wounds and damage conditions of each 

tree or other plants designated to remain. 

B. Shop Drawings: 
1. Plan for removing trees and other large vegetation not explicitly shown or indicated for 

removal in the Contract Documents.  
2. Plan showing proposed limits of clearing and grubbing, if different from clearing and 

grubbing limits shown or indicated in the Contract Documents.  

C. Record Drawings: Identifying and accurately showing locations and elevations of capped utilities 
and other subsurface structural, electrical, and mechanical conditions. 

1.6 QUALITY ASSURANCE 

A. Preinstallation Conference: Conduct conference in accordance with Division 01. 
1. Review methods and procedures to maintain sensitive natural features, as identified by the 

Owner’s Representative. 

1.7 PROJECT CONDITIONS 

A. Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent occupied or 
used facilities during site-clearing operations. 
1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities without 

permission from Owner and authorities having jurisdiction. 
2. Provide alternate routes around closed or obstructed traffic ways if required by Owner or 

authorities having jurisdiction. 

B. Salvable Improvements: Carefully remove items indicated to be salvaged and store on Owner's 
premises where indicated. 

C. Utility Locator Service: Notify MISS for area where Project is located before site clearing. Provide 
a minimum of three full working days advance notification. 

D. Do not commence site clearing operations until temporary erosion- and sedimentation-
control and plant-protection measures are in place. 

E. The following practices are prohibited within protection zones, the 100-year floodplain, and 
surrounding wetlands: 
1. Storage of construction materials, debris, or excavated material. 
2. Parking vehicles or equipment. 
3. Foot traffic. 
4. Erection of sheds or structures. 
5. Impoundment of water. 
6. Excavation or other digging unless otherwise indicated. 
7. Attachment of signs to or wrapping materials around trees or plants unless otherwise 

indicated. 
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F. Do not direct vehicle or equipment exhaust towards protection zones, the 100-year floodplain, 
and surrounding wetlands. 

G. Prohibit heat sources, flames, ignition sources, and smoking within or near protection zones, the 
100-year floodplain, and surrounding wetlands. 

H. Soil Stripping, Handling, and Stockpiling: Perform only when the topsoil is dry or slightly moist, as 
determined by the Engineer or Owner’s Representative. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Satisfactory Soil Material: Requirements for satisfactory soil material are specified in Division 31 
23 33 “TRENCHING AND BACKFILLING” as “Job Excavated Fill” 
1. Obtain approved borrow soil material off-site when satisfactory soil material is not available 

on-site. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Provide staking or flagging to delineate limits of areas to be cleared or grubbed as depicted on 
plans or directed by Owner’s Representative. Review at site with Owner’s Representative before 
commencing removal of trees, vegetation, and other materials to be removed. 

B. Replace staking or flagging that is lost, removed, or destroyed, until clearing and grubbing work 
is complete and Owner’s Representative allows removal of flagging. 

C. Protect and maintain benchmarks and survey control points to remain from disturbance during 
construction. Contractor shall be responsible for re-establishing benchmarks and control points 
that have been disturbed or damaged by the work. Benchmarks and control points in demolition 
areas shall be re-established in non-demolition areas by the Contractor’s surveyor, prior to 
disturbance. 

D. Protect existing site improvements to remain from damage during construction. Existing site 
improvements include, but are not limited to, streets, parking lots, sidewalks, curb and gutter. 
driveways, structures, underground facilities to remain, adjacent property, and structures. 
1. Restore damaged improvements to their original condition, as acceptable to Owner, at 

Contractor’s expense. 

E. Place removed materials in salvage area as indicated by Owner’s Representative. 

3.2 TEMPORARY EROSION SEDIMENTATION CONTROL 

A. Provide temporary erosion- and sedimentation-control measures in accordance with Part 91, Act 
451, PA 1994, the Soil Erosion and Sedimentation Control Act, Michigan Department of Natural 
Resources Environmental Act guidelines and all pertinent local enforcing agency rules and 
regulations having jurisdictions prior to beginning site clearing. 
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3.3 TREE PLANT PROTECTION 

A. General: Protect trees and plants remaining on-site. 

B. Repair or replace trees, shrubs, and other vegetation indicated to remain or be relocated that are 
damaged by construction operations, in a manner approved by Owner’s Representative. Trees 
and shrubs intended to remain, that are damaged beyond repair or that are removed, shall be 
replaced by Contractor at no additional cost to Owner. 

3.4 EXISTING UTILITIES 

A. Locate, identify, disconnect, and seal or cap utilities indicated to be removed or abandoned in 
place. 
1. Coordinate with utility owners as required for shutting off service. 

B. Interrupting Existing Utilities: Do not interrupt utilities serving facilities occupied by Owner or 
others unless permitted under the following conditions and then only after arranging to provide 
temporary utility services according to requirements indicated: 
1. Notify Owner not less than five days in advance of proposed utility interruptions. 
2. Do not proceed with utility interruptions without Owner’s written permission. 

C. Excavate for and remove underground utilities indicated to be removed after Owner’s permission 
has been obtained. Notify property owners and residents of proposed interruption schedule two 
days in advance of interruption. 

3.5 CLEARING GRUBBING 

A. Prior to the start of construction, the Contractor shall verify the limits of trees and other items that 
are to be saved. The Contractor shall then clear the site or trench excavation area of all remaining 
trees, brush, and other miscellaneous items that are not to be saved. 

B. Remove obstructions, trees (including stump and main roots), shrubs, and other vegetation to 
permit installation of new construction. 
1. Do not remove trees, shrubs, and other vegetation indicated to remain or to be relocated. 
2. Grind down stumps and remove roots, obstructions, and debris to a depth of 18 inches 

below exposed subgrade. 
3. Use only hand methods for grubbing within protection zones. 
4. Chip removed tree branches.  
5. Dispose of all trees, shrubs, stumps, root, and all associated foliage and debris offsite. 
6. Trees less than six (6) inch diameter shall be removed where required by the work as 

incidental to the Contract. 
7. The Contractor shall abide by any easement agreements regarding the tree removal work 

and wood ownership. 
8. Clear undergrowth and deadwood without disturbing subsoil. 
9. Do not use cleared or grubbed materials as fill, backfill, or in embankments.  

C. Fill depressions caused by clearing and grubbing operations in accordance with the materials and 
procedures as specified in Section 31 23 00 “Excavation and Fill”, unless the depressions are in 
an area requiring excavation per plan. 

D. Stump Removal: Where called for on the plans, the Contractor shall remove existing stumps, 
including main roots (two (2) inch diameter and larger), dispose of all associated debris offsite, 
and backfill the void as above. 
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3.6 TOPSOIL STRIPPING 

A. Remove sod and grass before stripping topsoil. 

B. Strip topsoil to depth indicated on drawing in a manner to prevent intermingling with underlying 
subsoil or other waste materials. 
1. Remove subsoil and nonsoil materials from topsoil, including clay lumps, gravel, and other 

objects more than 2 inches in diameter; trash, debris, weeds, roots, and other waste 
materials. Topsoil stockpiles that have been contaminated by subsoil or nonsoil materials, 
as determined by the Owner’s Representative, shall be removed from the site at the 
Contractor’s expense. The contractor shall replace, at his expense, any topsoil needed to 
replace the contaminated topsoil removed due to contamination. 

C. Stockpile topsoil away from edge of excavations without intermixing with subsoil. Grade and 
shape stockpiles to drain surface water. Cover to prevent windblown dust and erosion by water. 
1. Limit height of topsoil stockpiles to 72 inches. 
2. Do not stockpile topsoil within protection zones, the 100-year floodplain, and surrounding 

wetlands. 
3. Stockpile surplus topsoil to allow for respreading deeper topsoil. 

3.7  IMPROVEMENT REMOVAL 

A. Remove existing above- and below-grade improvements as indicated and necessary to facilitate 
new construction. 

B. Remove slabs, paving, curbs, gutters, and aggregate base as indicated. 
1. Unless existing full-depth joints coincide with line of demolition, neatly saw-cut along line 

of existing pavement to remain before removing adjacent existing pavement. Saw-cut faces 
vertically. 

2. Paint cut ends of steel reinforcement in concrete to remain with two coats of antirust 
coating, following coating manufacturer's written instructions. Keep paint off surfaces that 
will remain exposed. 

C. Remove fencing where removal is designated on the drawings. 

3.8 STRUCTURE ABANDONMENT 

A. Underground utility structures indicated for abandonment shall be abandoned as follows: 
1. Salvage and stockpile, without damaging, castings, grates, and covers or dispose at the 

direction of the Owner. 
2. Remove and dispose of the cone, masonry, and riser sections such that the remaining 

structure is no higher than 3 feet below the proposed finish grade. 

3.9 DISPOSAL OF SURPLUS WASTE MATERIALS 

A. Stockpile all surplus soil material in the area designated on the construction drawings. 

B. Remove, obstructions, demolished materials, and waste materials including trash and debris, and 
legally dispose of them off Owner's property. 
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C. Do not burn clearing debris at the site, unless approved by Owner and authorities having 
jurisdiction. If burning is permitted, comply with requirements of authorities having jurisdiction and 
Owner’s requirements.  

END OF SECTION 311000 
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SECTION 31 23 00 - EXCAVATION AND FILL 

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. 

B. ASTM D 2487 “Standard Practice for Classification of Soils for Engineering Purposes (Unified 
Soil Classification System) 

C. ASTM D 6938 “Standard Test Methods for In-Place Density and Water Content of Soil and Soil-
Aggregate by Nuclear Methods” 

D. ASTM D 1557 “Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 
Modified Effort” 

E. Michigan Department of Transportation Density Testing and Inspection Manual (rev 2014) 

1.2 SUMMARY 

A. Work shall include furnishing of labor, materials, tools, equipment, accessories, and services 
necessary for completing the excavation and backfilling for the items as shown on the contract 
drawings and/or as herein required. This also includes excavation, dewatering, earth moving, 
placement, grading and compaction of earth, and the disposal of excess materials. 

B. Section Includes: 
1. Excavation 
2. Fill / Embankment 
3. Preparing subgrades for slabs-on-grade, sidewalks, pavements, turf, grasses and plants. 
4. Cutting, grading, filling, compacting and rough contouring the site for structures, walks, 

pavements, and drainage. 
5. Placing Topsoil for Site Restoration 
6. Surplus Material Hauling 

C. Related Sections: 
1. Division 31 Section "Site Clearing" for site stripping, grubbing, stripping and stockpiling 

topsoil, and removal of above- and below-grade improvements and utilities. 
2. Division 31 Section “Trenching and Backfilling” for excavation, bedding, and backfill of 

underground utilities. 
3. Division 33 Sections for installing underground utilities and buried structures. 

1.3 DEFINITIONS 

A. Base Course: Aggregate layer placed between the subbase course or subgrade and paving. 

B. Backfill: material places in an excavated area 

C. Borrow Soil: Soil imported from off-site for use as fill or backfill, as approved by the Engineer 
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D. Embankment: Fill soils placed and compacted such that future site improvements will be 
constructed above or near the placed soils 

E. Excavation: Removal of material encountered above subgrade elevations and to lines and 
dimensions indicated. 
1. Authorized Additional Excavation: Excavation below subgrade elevations or beyond 

indicated lines and dimensions as directed by Owner’s Representative. Authorized 
additional excavation and replacement material will be paid for according to Contract 
provisions for changes in the Work. 

2. Unauthorized Excavation: Excavation below subgrade elevations or beyond indicated lines 
and dimensions without direction by Owner’s Representative. Unauthorized excavation, as 
well as remedial work directed by Engineer, shall be without additional compensation. 

F. Fill: material placed above the original or natural ground line. 

G. Structures: Buildings, footings, foundations, retaining walls, slabs, tanks, curbs, utility 
appurtenances, or other man-made stationary features constructed above or below the ground 
surface. 

H. Subbase Course: Aggregate layer placed between the subgrade and base course for hot-mix 
asphalt pavement, or aggregate layer placed between the subgrade and a cement concrete 
pavement or a cement concrete or hot-mix asphalt walk. 

I. Subgrade: Uppermost surface of an excavation or the top surface of a fill or backfill immediately 
below subbase, drainage fill, drainage course, or topsoil materials. 

J. Suitable Earth Material: job excavated fill or borrow material that meets the requirements of this 
section for Fill. 

K. Utilities: On-site underground pipes, conduits, ducts, and cables, as well as underground services 
within buildings. 

1.4 SUBMITTALS 

A. Product Data: For each type of the following manufactured products required: 
1. None. 

B. Samples for Verification: For the following products, in sizes indicated below: 
1. None. 

C. Material Test Reports: For each borrow soil material proposed for fill and backfill as follows: 
1. Classification according to  D 2487 (USCS). 
2. Laboratory compaction curve according to ASTM D 1557 (Modified Proctor) 

D. Pre-excavation Photographs or Video Recording: Show existing conditions of adjoining 
construction and site improvements, including finish surfaces that might be misconstrued as 
damage caused by earth moving operations. Submit before earth moving begins. 

1.5 QUALITY ASSURANCE 

A. References to Michigan Department of Transportation (MDOT) Specifications shall pertain to the 
current edition of the Standard Specifications for Construction. 
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1.6 PROJECT CONDITIONS 

A. Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent occupied or 
used facilities during earth moving operations. 
1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities without 

permission from Owner and authorities having jurisdiction. 
2. Provide alternate routes around closed or obstructed traffic ways if required by Owner or 

authorities having jurisdiction. 

B. Utility Locator Service: Notify MISS for area where Project is located before beginning excavation. 
Provide a minimum of three full working days advance notification. 

C. Do not commence earth-moving operations until temporary erosion- and sedimentation-control 
measures are in place. 

D. Do not commence earth-moving operations until plant-protection measures are in place, if 
applicable. 

E. The following practices are prohibited within protection zones, 100-year floodplain and wetlands: 
1. Storage of construction materials, debris, or excavated material. 
2. Parking vehicles or equipment. 
3. Foot traffic. 
4. Erection of sheds or structures. 
5. Impoundment of water. 
6. Excavation or other digging unless otherwise indicated. 
7. Attachment of signs to or wrapping materials around trees or plants unless otherwise 

indicated. 

F. Do not direct vehicle or equipment exhaust towards protection zones, 100-year floodplain and 
wetlands. 

G. Prohibit heat sources, flames, ignition sources, and smoking within or near protection zones, 100-
year floodplain and wetlands. 

PART 2 - PRODUCTS 

2.1 SOIL MATERIALS - GENERAL 

A. General: Provide borrow soil materials when sufficient satisfactory soil materials are not available 
from excavations.  

2.2 FILL / EMBANKMENT 

A. Fill and Embankment have the same requirements under this contract. References in the plans 
to embankment and fill shall be considered references to the same material requirements. 

B. Suitable Earth Material shall be either of the following, with approval of the Owner’s 
Representative: 
1. Job Excavated Fill shall be defined as material excavated from the site that can be 

classified as GW, GP, GM, SW, SP, and SM according to ASTM D 2487 or a combination 
of these groups and is free from frozen earth, boulders, rocks, stones larger than 3 inch in 
size, debris, vegetation, blue and gray clay, and organic material. 
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2. Granular Fill:  
a. Granular fill shall be defined as sharp sand, gravel, or crushed stone that is free from 

lumps of clay and soft or flaky material and shall conform to requirements of MDOT 
Specification Section 902.07 and the gradation of MDOT Specification Table 902-3 
for MDOT Class I 

b. Granular material shall be used for fill work located under or within the influence of 
roadway surfaces, structures, or other constructed site improvements. Project plan 
details or the Engineer shall dictate which Class of granular material is required for 
the project. 

c. Material excavated from the trench may be used as granular fill when, in the opinion 
of the Owner’s Representative, it meets the granular backfill grading requirements. 

C. Topsoil 
1. Stripped and re-used material or local borrow material. 
2. Graded. 
3. Free of roots, rocks larger than ½ inch, subsoil, debris, weeds, and foreign matter. 
4. Contains no greater than 20 percent nor less than 5 percent organic matter. 

D. Impervious Fill: Clayey gravel and sand mixture capable of compacting to a dense state.  

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that survey benchmark and intended elevations for the Work are as indicated on the plans. 

3.2 PREPARATION 

A. Identify required lines, levels, contours, and datum. 

B. Protect benchmarks, fences, structures, utilities, sidewalks, pavements, protection zones, and 
other facilities from damage caused by settlement, lateral movement, undermining, washout, and 
other hazards created by earth moving operations. 

C. Protect plant life, lawns, trees and shrubs, and other features to remain as a portion of final 
landscaping. 

D. Protect and maintain erosion and sedimentation controls during earth moving operations. 

E. Protect subgrades and foundation soils from freezing temperatures and frost. Remove temporary 
protection before placing subsequent materials. 

3.3 CLASSIFICATION OF EXCAVATION 

A. Earth, as a name for excavated material, shall include all glacial deposits whether cemented or 
not, except solid boulders one-half cubic yard or more in volume. It shall also include all alluvial 
deposits and material of every kind that can be excavated with equal facility by the equipment 
and means typically used for earth excavation. 

B. Peat, as a name for excavated material, shall include all unstable organic soils such as peat, 
muck, marl, and underlying very soft clay. 
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C. Rock, as a name for excavated material, shall include pre-glacial solid ledge rock that can be 
removed most practically by blasting, barring or wedging, or by some other standard method of 
quarrying solid rock. It shall also include solid boulders of one-half cubic yard or more in volume 
as well as existing concrete, masonry with mortar joints, or other existing structural work that can 
be excavated practically only by methods of quarrying solid rock. It shall not include fragile, friable, 
or disintegrated materials of any kind that can be excavated by equipment and means used for 
earth excavation. 

3.4 SUBGRADE ELEVATION 

A. Contractor, or his surveyor, shall calculate the subgrade elevation required for excavation and fill 
work by referencing the proposed final grade and back-calculating the subgrade elevation based 
on the project plans, details, specifications, and/or direction of the Owner’s Representative 
regarding the finish surface or pavement cross section. 

3.5 EXCAVATION, GENERAL 

A. Remove topsoil in accordance with Section 31 10 00 “SITE CLEARNING” from area of 
construction, areas to be filled and graded, and other areas designated. 

B. Unclassified Excavation: Excavate to subgrade elevations regardless of the character of surface 
and subsurface conditions encountered. Unclassified excavated materials may include rock, soil 
materials, and obstructions. No changes in the Contract Sum or the Contract Time will be 
authorized for rock excavation or removal of obstructions. 
1. If excavated materials intended for fill and backfill include unsatisfactory soil materials and 

rock, replace with satisfactory soil materials. 
2. Remove rock to lines and grades indicated to permit installation of permanent construction. 

3.6 EXCAVATION FOR STRUCTURES 

A. Excavate to indicated elevations and dimensions within a tolerance of plus or minus 1 inch. If 
applicable, extend excavations a sufficient distance from structures for placing and removing 
concrete formwork, for installing services and other construction, and for inspections. 
1. Excavations for Footings and Foundations: Do not disturb bottom of excavation. Excavate 

by hand to final grade just before placing concrete reinforcement. Trim bottoms to required 
lines and grades to leave solid base to receive other work. 

2. Pile Foundations: Stop excavations 6 to 12 inches above bottom of pile cap before piles 
are placed. After piles have been driven, remove loose and displaced material. Excavate 
to final grade, leaving solid base to receive concrete pile caps. 

3. Excavation for Underground Tanks, Basins, and Mechanical or Electrical Utility Structures: 
Excavate to elevations and dimensions indicated within a tolerance of plus or minus 1 inch 
(25 mm). Do not disturb bottom of excavations intended as bearing surfaces. 

3.7 METHODS OF EXCAVATION IN EARTH 

A. All excavation shall be by open cut from the surface using appropriate and efficient equipment to 
handle the materials. 

B. Stockpile excavated topsoil and subsoil material classified by Owner’s Representative as suitable 
for further used and remove material classified as unsuitable and material in excess of project 
requirements.  
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3.8 EXCAVATION FOR WALKS, PAVEMENTS ROADWAYS 

A. Excavate surfaces under walks and pavements to indicated lines, cross sections, elevations, and 
subgrades. 

B. Roadway earthwork shall be performed in accordance with the construction methods that are 
described in MDTO Section 205 Roadway Earthwork unless otherwise called for in the plan notes, 
details, or supplemental specifications. 

3.9 EXCAVATION FOR UTILITY TRENCHES 

A. Trench excavation and backfill shall be in accordance with Section 31 23 33 “Trenching and 
Backfilling” 

3.10 EXCAVATION FOR SITE GRADING 

A. Excavate areas identified on the plans where final or proposed grades are lower than existing or 
interim grades in areas for proposed pavement, walks, utility construction, open space, or other 
proposed feature. 

B. Contractor shall maintain the overall storm water flow direction of the site until measures and 
utilities are in place to manage the modified or final flow condition. 

C. Contractor shall prepare subgrade in excavation areas by smoothly grading and compacting the 
surface with equipment necessary to achieve the specified density. 

D. Contractor shall be responsible for staking excavation areas to prevent unauthorized excavation 
and to ensure that the subgrade elevations are achieved. 

3.11 UNAUTHORIZED EXCAVATION 

A. Fill unauthorized excavation under foundations or wall footings by extending bottom elevation of 
concrete foundation or footing to excavation bottom, without altering top elevation. Lean concrete 
fill, with 28-day compressive strength of 2500 psi, may be used when approved by Owner’s 
Representative. 
1. Fill unauthorized excavations under other construction, pipe, or conduit as directed by 

Owner’s Representative. 

3.12 STORAGE OF SOIL MATERIALS 

A. Stockpile borrow soil materials and job excavated soil materials without intermixing. Place, grade, 
and shape stockpiles to drain surface water. Cover to prevent windblown dust. 
1. Stockpile materials on-site at approved locations and so as not to impede the natural 

drainage in the area. 
2. Stockpile in sufficient quantities to meet project requirements. 
3. Stockpile soil materials away from edge of excavations. Do not store within drip line of 

remaining trees. 
4. Do not store in protection zones, 100-year floodplain, or wetlands, as identified on the 

plans. 
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3.13 STOCKPILE CLEANUP 

A. Remove stockpile; leave area in a clean and neat condition. Grade site surface to prevent free 
standing surface water. If approval given by Owner, leave unused materials in a neat, compact 
stockpile.  

B. If a borrow area is indicated, leave area in a clean and neat condition. Grade site surface to 
prevent free standing surface water. 

3.14 TRANSPORT OF NATIVE MATERIALS OFFSITE 

A. If the Contractor encounters suitable materials (sand, gravel, topsoil, etc.) during the course of 
construction, he shall not be allowed to transport these materials offsite. Wherever possible, 
suitable native sands and gravels shall be used as backfill rather than transporting them to the 
spoils berm and replacing them with non-native materials of a lesser quality. 

3.15 EMBANKEMENT 

A. Construction requirements for Fill and Embankment are the same under this contract. References 
on the plans and in the specifications to “Embankment” shall be placed, compacted, and tested 
according to the provisions of this section for “Fill.” 

3.16 FILL 

A. Construction requirements for Fill and Embankment are the same under this contract. References 
on the plans and in the specifications to “Fill” or “Embankment” shall be placed, compacted, and 
tested according to the provisions of this section. 

B. Contractor shall fill with suitable earth material (see “PART 2 – PRODUCTS”) the areas identified 
on the plans where final or proposed grades are higher than existing or interim grades in areas 
for proposed pavement, walks, structures, utility construction, open space, or other proposed 
feature. 

C. Contractor shall place fill on soils free of mud, frost, snow, or ice. 

D. Contractor shall maintain the overall storm water flow direction of the site until measures and 
utilities are in place to manage the modified or final flow condition. 

E. Contractor shall prepare subgrade in fill areas by smoothly grading and compacting the surface 
with equipment necessary to achieve the specified density. 

F. Fill material shall consist of granular fill for areas within the influence of proposed pavements or 
structures. Job excavated fill may be used elsewhere, except when compaction cannot be 
achieved. 

G. Contractor shall place fill material in 12 inch lifts unless the Contractor can demonstrate to the 
satisfaction of the Owner’s Representative that he can consistently attain the specified density on 
thicker lifts. Compact the entire lift in accordance with “COMPACTION” to the specified density 
before placing an additional lift. This procedure shall be repeated until all areas have reached 
indicated subgrade elevation. 
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H. Contractor shall be permitted to place excavated material that does not meet the product 
requirements of Suitable Earth Material only as directed and approved by the Owner’s 
Representative. 

3.17 COMPACTION OF FILL / SUBGRADE 

A. Where plans, details, or specifications call for subgrade or other soil to be compacted, such 
material shall be compacted according to this section for “Fill.” 

B. If the moisture content of cohesive fill material exceeds the optimum moisture content for 
maximum density by more than three percent (3%), the Contractor shall dry the material to meet 
the foregoing moisture content limitation or provide, at his own expense, Granular Fill. No sloppy 
or wet backfill will be allowed, as determined by the Owner’s Representative. 

C. Specified compaction shall be obtained with the use of a bulldozer, sheepsfoot roller, vibratory 
roller, mechanical tamper, or other similar and effective equipment. Specified compaction for 
areas under structures, building slabs, pavements and sidewalks means not less than 95 percent 
(not average 95 percent) of all tests of maximum unit weight when tested in accordance with 
ASTM D 6938 (nuclear gauge). Specified compaction for areas under lawn or unpaved areas 
means not less than 90 percent (not average 90 percent) of all tests of maximum unit weight 
when tested in accordance with ASTM D 6938 (nuclear gauge). 

D. Compaction equipment or methodology shall be altered by the Contractor if the Owner’s 
Representative determines that the methodology is not capable of consistently compacting 
suitable material to the specified density. Additional equipment, labor, or time as required by this 
procedural change shall be at the expense of the Contractor. 

E. Maximum unit weight will be determined by ASTM D 1557 (modified proctor), current methods of 
Test for Compaction and Density of Soil, AASHTO Designation T-180 or by the Cone Density 
Method developed by MDOT, as directed by the Owner or Owner’s Representative. 

F. If job excavated material is not suitable to obtain 95 percent minimum compaction, the Contractor 
shall, at his expense, remove unsuitable materials and replace with granular fill materials, to 
obtain ninety-five percent (95%) minimum compaction as specified. 

G. Compaction tests will be made by a representative of the Owner and paid for by the Owner, unless 
otherwise specified in the Contract Documents. 

H. Any depression resulting from settlement of any material prior to the date of final payment for all 
work under this contract shall be brought to the proper grade and surface and made to match the 
adjacent surface. Any damage to pavement, landscaping, or structures resulting from settlement 
in areas compacted by the Contractor shall be repaired or replaced at the direction and to the 
approval of the Owner’s Representative at no additional cost to the Owner. 

I. Compaction Under structures 
1. Compact structure embankment to 100 percent of the maximum unit weight within the limits 

of 1:1 slopes, extending outward and downward from the bottom edges of the structure 
footings. 

3.18 SUBGRADE INSPECTION 

A. Notify Owner’s Representative when excavations and fills have reached required subgrade 
elevation/ 
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B. If Owner’s Representative determines that unsatisfactory soil is present in an excavation area, 
continue excavation and replace with compacted backfill or fill material as directed. 

C. Authorized additional excavation and replacement material will be paid for according to Contract 
provisions for changes in the Work. 

D. Reconstruct subgrades damaged by freezing temperatures, frost, rain, accumulated water, or 
construction activities, as directed by Owner’s Representative, without additional compensation. 

E. Areas to receive slab on grade concrete or pavement shall be proof rolled by the Contractor and 
accepted by the Owner’s Representative prior to installation of further work. 

3.19 SURPLUS MATERIAL HAULING 

A. Excavated fill which is not required for site grading, construction of embankments, backfill, or 
other earthwork requirement at the project site as shown or described in the Contract Documents 
shall be hauled off-site unless otherwise directed by the owner. 

B. Excess excavated soil material shall be hauled off-site, unless directed by the owner to place on 
site at a designated location, prior to beginning any fill or embankment operations. 

C. Placement, compaction, and testing of materials, if requested to remain on site by the Owner, 
shall be in accordance with the compaction listed above for lawn and unpaved areas or as 
specified per the direction of the Owner’s Representative. 

D. Contractor shall transport surplus material in vehicles designed for transporting earth on public 
roads. 

E. Contractor shall comply with any and all procedure as directed and decided by the Owner’s 
Representative or Owner to measure the weight, mass, or volume of materials which are 
requested to remain on site. 

3.20 DISPOSAL OF EXCAVATED MATERIAL 

A. All suitable excavated material shall be utilized as fill on site as directed by the Owner or Owner’s 
Representative. Placement of excavated material at off-site location(s) shall be in accordance 
with the direction of the off-site owner or separate contract documents. 

B. Excess excavated material shall hauled off site unless directed by the Owner’s Representative to 
be placed on site. 

C. The Contractor shall also be responsible for disposing of all excavated soil materials that are 
unsuitable for use as fill or backfill at an off-site location unless otherwise directed by the Owner. 
All other unsuitable materials may include, but are not limited to, broken concrete, asphalt, rock, 
and other non-soil debris. The Contractor shall be required to obtain his own disposal areas and 
permits and shall receive no additional compensation for this disposal work.  

D. Surplus or unsuitable material shall not be disposed of either temporarily or permanently beyond 
the plan grading limit line or across any wetland or flood plain unless the plans provide for such 
placement. 
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3.21 GRADING 

A. General: Uniformly grade areas to a smooth surface, free of irregular surface changes. Comply 
with compaction requirements and grade to cross sections, lines, and elevations indicated. 
1. Provide a smooth transition between adjacent existing grades and new grades and 

between utility structure rims and adjacent earthwork. 
2. Cut out soft spots, fill low spots, and trim high spots to comply with required surface 

tolerances. 
3. Slope grade away from building at a minimum of 2 inches in 10 feet, unless noted 

otherwise. 

B. Site Rough Grading: Slope grades to direct water away from buildings and structures to prevent 
ponding. Finish subgrades to required elevations within the following tolerances: 
1. Unpaved Areas: Plus or minus 1 inch. 
2. Walks: Plus or minus 1 inch. 
3. Pavements: Plus or minus 1/2 inch. 

C. Grading inside Building Lines: Finish subgrade to a tolerance of 1/2 inch when tested with a 10-
foot straightedge. 

D. Final Cleanup and Grading: Upon completion of the construction, and before final payment is 
made, the Contractor shall restore his working area to as clean a condition as existed before his 
operations were started. He shall go over the entire line and refill any place that may have settled. 
He shall then re-grade and put in shape all backfilled trenches, all fills he may have made from 
excess excavated materials, and all other areas that may have been disturbed through all 
operations.  

3.22 SUBSURFACE DRAINAGE 

A. Subdrainage Pipe: As specified on drawings and in accordance with Section 33 42 00 
“Stormwater Conveyance” 

3.23 FIELD QUALITY CONTROL 

A. Testing Agency: Owner may engage a qualified geotechnical engineering testing agency to 
perform the following tests and inspections. 
1. Determine prior to placement of fill that site has been prepared in compliance with 

requirements. 
2. Determine that fill material and maximum lift thickness comply with requirements. 
3. Determine, at the required frequency, that in-place density of compacted fill complies with 

requirements. 

B. Allow testing agency to inspect and test subgrades and each fill or backfill layer. Proceed with 
subsequent earth moving only after test results for previously completed work comply with 
requirements. 

C. Contractor shall engage a qualified land surveyor to perform all staking and layouts. Surveyor 
shall utilize the design datum and pre-construction benchmarks to ensure accurate excavation 
and fill according to the project plans. 

D. When testing agency reports that subgrades, fills, or backfills have not achieved the degree of 
compaction specified, scarify and moisten or aerate, or remove and replace soil materials to depth 
required; recompact and retest until specified compaction is obtained. 
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3.24 PROTECTION 

A. Protecting Graded Areas: Protect newly graded areas from traffic, freezing, and erosion. Keep 
free of trash and debris. 

B. Repair and reestablish grades to specified tolerances where completed or partially completed 
surfaces become eroded, rutted, settled, or where they lose compaction due to subsequent 
construction operations or weather conditions. 
1. Scarify or remove and replace soil material to depth as directed by Owner’s 

Representative; reshape and recompact. 

C. Where settling occurs before Project correction period elapses, remove finished surfacing, backfill 
with additional soil material, compact, and reconstruct surfacing. 
1. Restore appearance, quality, and condition of finished surfacing to match adjacent work, 

and eliminate evidence of restoration to greatest extent possible. 

3.25 CONTACTOR SAFETY REQUIREMENTS 

A. The excavation and fill operations shall be conducted by the Contractor in a manner that will 
provide safe working conditions for all persons on the site who may be affected by the Work. The 
Contractor shall also conduct his operations in a manner that will protect adjacent property from 
damage. 

B. Trench sides shall be either cut back to the slope as necessitated by soil and ground water 
conditions which will provide stable sides, or supporting systems shall be installed that are 
capable of restraining the earth sides from movement. A qualified employee of the Contractor 
shall design the trench supporting systems. 

C. The Contractor shall employ, at all times at the site of the work, a qualified person who will be 
responsible for the safety of both the work and workmen, and who will make all the decisions 
relevant to the stability of trenches, the adequacy of any and all protective devices, proper 
operation of equipment, and all other matters related to safety. 

D. The Contractor shall not store, along and adjacent to the trench, excavated material, heavy 
equipment, backfill materials, sewer pipe, or other construction materials which may impose too 
great a load on the earth and cause displacement or caving of the earth. The Contractor shall, at 
all times, provide a safe means of emergency exit from all trench excavations. 

END OF SECTION 312300 
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SECTION 31 23 33 - TRENCHING AND BACKFILLING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Retain or delete this Article in all sections of the Project Manual.  

B. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

C. ASTM D 6938 “Standard Test Methods for In-Place Density and Water Content of Soil and Soil-
Aggregate by Nuclear Methods” 

D. ASTM D 1557 “Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 
Modified Effort” 

E. Michigan Department of Transportation Density Testing and Inspection Manual (rev 2014) 

1.2 SUMMARY 

A. Work shall include furnishing of labor, materials, tools, equipment, accessories, and services 
necessary for completing the excavation and backfilling for the items as shown on the contract 
drawings and/or as herein required. This also includes trenching, trench or undercutting, complete 
and continual drainage of excavation, sheeting, bracing, and shoring of sides of the excavation, 
backfilling around structures and over pipelines, and the disposal of excess excavated material. 

B. Section includes: 
1. Excavating and backfilling for structures. 
2. Subsurface drainage backfill for walls and trenches. 
3. Excavating and backfilling trenches for utilities, piping, and pits for buried utility structures. 
4. Trench Backfill Compacted-in-Place (CIP). 
5. Trench Undercut and Refill. 
6. Dewatering. 

C. Related Section: 
1. Division 31 Section "Site Clearing" for site stripping, grubbing, stripping and stockpiling 

topsoil, and removal of above- and below-grade improvements and utilities. 

1.3 DEFINITIONS 

A. Backfill: Soil material or flowable fill used to fill an excavation. 
1. Initial Backfill: Backfill placed beside and over pipe in a trench, including haunches to 

support sides of pipe. 
2. Final Backfill: Backfill placed over initial backfill to fill a trench. 

B. Borrow Soil: Satisfactory soil imported from off-site for use as fill or backfill. 
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C. Excavation: Removal of material encountered above subgrade elevations and to lines and 
dimensions indicated or to elevation necessary for buried pipe or structure installation or 
construction. 
1. Authorized Additional Excavation: Excavation below trench bottom or beyond indicated 

lines and dimensions as directed by Engineer. Authorized additional excavation and 
replacement material will be paid for according to Contract provisions for changes in the 
Work. 

2. Unauthorized Excavation: Excavation below trench bottom elevations or beyond indicated 
lines and dimensions without direction by Engineer. Unauthorized excavation, as well as 
remedial work directed by Engineer, shall be without additional compensation. 

D. Fill: Soil materials used to raise existing grades. 

E. Structures: Buildings, footings, foundations, retaining walls, slabs, tanks, curbs, utility 
appurtenances and structures, or other man-made stationary features constructed above or 
below the ground surface. 

F. Subbase Course: Aggregate layer placed between the subgrade and base course for asphalt or 
concrete pavement, or aggregate layer placed between the subgrade and a cement concrete 
pavement or a paved walk. 

G. Subgrade: Uppermost surface of an excavation or the top surface of a fill or backfill immediately 
below subbase, drainage fill, drainage course, or topsoil materials. 

H. Trenching: Excavation for installation of pipe or conduit utilities. 

I. Utilities: Underground pipes, drains, conduits, ducts, and cables, as well as underground services 
within buildings. 

1.4 SUBMITTALS 

A. Samples for Verification: For the following products, in sizes indicated below: 
1. Warning tape: 12 inches long; of each color. 

B. Material Test Reports: For each borrow soil material proposed for fill and backfill as follows: 
1. Classification according to ASTM D 2487. 
2. Laboratory compaction curve according to ASTM D 1557. 

C. Pre-excavation Photographs or Video Recording: Show existing conditions of adjoining 
construction and site improvements, including finish surfaces that might be misconstrued as 
damage caused by earth moving operations. Submit before earth moving begins. 

1.5 QUALITY ASSURANCE 

A. Pre-excavation Conference: Conduct conference at Project site as directed by the Owner’s 
Representative. 

B. References to Michigan Department of Transportation (MDOT) Specifications shall pertain to the 
current edition of the Standard Specifications for Construction. 
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1.6 PROJECONDITIONS 

A. Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent occupied or 
used facilities during trenching operations. 
1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities without 

permission from Owner and authorities having jurisdiction. 
2. Provide alternate routes around closed or obstructed traffic ways if required by Owner or 

authorities having jurisdiction. 

B. Utility Locator Service: Notify MISS DIG for area where Project is located before beginning earth 
moving operations or excavation. Provide a minimum of three full working days advance 
notification. Do not commence excavation until marking, flagging, and/or clearing by local facility 
and utility owners has been completed. 

C. Do not commence earth-moving or excavation operations until temporary erosion- and 
sedimentation-control measures are in place. 

D. Do not commence trenching operations until plant-protection measures are in place, if applicable. 

E. The following practices are prohibited within protection zones, 100-year floodplain and wetlands: 
1. Storage of construction materials, debris, or excavated material. 
2. Parking vehicles or equipment. 
3. Foot traffic. 
4. Erection of sheds or structures. 
5. Impoundment of water. 
6. Excavation or other digging unless otherwise indicated. 
7. Attachment of signs to or wrapping materials around trees or plants unless otherwise 

indicated. 

F. Do not direct vehicle or equipment exhaust towards protection zones, 100-year floodplain and 
wetlands. 

G. Contractor shall prohibit heat sources, flames, ignition sources, and smoking within or near 
protection zones, 100-year floodplain and wetlands. 

PART 2 - PRODUCTS 

2.1 SOIL MATERIALS – GENERAL 

A. General: Provide borrow soil materials when sufficient satisfactory soil materials are not available 
from excavations for use as fill or backfill. 

2.2 BEDDING AND BACKFILL MATERIALS 

A. Granular bedding and backfill shall be defined as sand, gravel, crushed stone, slag or a blend of 
aggregates that is free from lumps of clay and soft or flaky material meet the requirements of 
Section 902.07 and Table 902-3 of the MDOT Standard Specifications for Construction. 
1. Job excavated material may be used as granular backfill when, in the opinion of the 

Engineer or Owner’s Representative, it meets the granular backfill grading requirements 
and is approved by them for use as granular backfill. 
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B. Bedding material shall be provided from offsite unless the trench passes through a well-defined 
strata of sand or gravel as determined by the Engineer or Owner’s Representative. Bedding 
material shall be subject to the approval of the Engineer or Owner’s Representative. 

C. Stone bedding and backfill natural gravel, slag, or crushed gravel and shall meet the requirements 
of Section 902.03, Table 902-1 and Table 902-2 of the MDOT Standard Specifications for 
Construction. 

D. Excavated Backfill: Job excavated backfill shall be defined as material excavated from the trench 
or elsewhere on-site that is free from the following: frozen earth, boulders, rocks, stones larger 
than 3 inch in size, debris, blue and gray clay, and organic material. 

E. Crushed portland cement concrete may be used by as granular and stone bedding and/or backfill 
only if approved by the Owner’s Representative. 

2.3 ACCESSORIES 

A. Warning Tape: Acid- and alkali-resistant, polyethylene film warning tape manufactured for 
marking and identifying underground utilities, 6 inches wide and 4 mils thick, continuously 
inscribed with a description of the utility; colored as follows: 
1. Red: Electric. 
2. Yellow: Gas, oil, steam, and dangerous materials. 
3. Orange: Telephone and other communications. 
4. Blue: Water systems. 
5. Green: Sewer systems. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Protect structures, utilities, sidewalks, pavements, curbs, protection zones, and other facilities 
from damage caused by settlement, lateral movement, undermining, washout, and other hazards 
created by trenching and backfill activities. 

B. Protect and maintain erosion and sedimentation controls during earth moving operations. 

C. Protect subgrades and foundation soils from freezing temperatures and frost. Remove temporary 
protection before placing subsequent materials. 

3.2 PAVEMENT CUTS 

A. Where a trench must be cut through pavement, driveway, or sidewalk, particular care shall be 
taken to avoid unnecessary damage to adjoining areas of the pavement, driveway or sidewalk to 
remain. All cuts through existing surfaces shall be made full-depth with a concrete saw. Cuts in 
concrete pavement shall be made parallel with longitudinal and transverse construction or 
contraction joints.  

B. Saw cuts in concrete pavement shall not be nearer than five feet (5’-0”) to a transverse joint, to 
the centerline of pavement, or to the edge of pavement or curb, i.e., no existing or replacement 
pavement shall be less than five feet (5’-0”) in width. If the damaged pavement or surfacing is 
nearer than five feet (5’-0”) to a joint or centerline of pavement , or to edge of pavement, surfacing 
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or curb, removal and replacement shall be extended to said joint, centerline, edge of pavement, 
surfacing, or curb. These same requirements shall apply to the saw cutting and replacement of 
concrete driveways. 

C. If a square, block, or flag of sidewalk is cut, broken, or cracked, the entire square or block shall 
be removed and replaced. 

3.3 EXCAVATION AND TRENCH DEWATERING 

A. The Contactor shall maintain any excavation or trench free of water during construction of any 
structures and/or utilities. Any and all dewatering methods are considered to be incidental to the 
contract unless noted as otherwise elsewhere in the Contract Documents. 

B. The Contractor shall take adequate precautions to control the discharge of dewatering pumps so 
as to prevent soil erosion or sedimentation of drainage ditches, structures, storm sewers, culverts, 
natural drainage courses, ponds, lakes or wetlands.  

C. The Contractor shall insure that discharge from any dewatering operations has a suitable outlet 
and that it will not cause any damage to adjacent dwellings or property. Water and discharge 
hoses shall be placed and/or controlled so as to prevent a hazard to pedestrians or motor vehicles 
passing in the vicinity of the construction site. 

D. The Contractor shall not directly discharge water to a storm sewer prior to treatment by one of 
the following methods, demonstrated to and approved by the Owner’s Representative. The 
approved methodology shall be considered incidental to the contract. 
1. Sediment filter bag or silt sack. 
2. Turf or grass filtering (erosion control must be maintained). 
3. Sedimentation pond. 

E. Electric pumps shall have suitable power supply and appurtenances meeting NEC requirements 
and properly fused and grounded to prevent electrical shock hazards to on-site personnel. 

F. Internal combustion engine driven pumps, if operated 24 hours per day, shall have adequate 
exhaust silencers in good repair to muffle engine noise to an acceptable level for the area where 
located. 

3.4 CLASSIFICATION OF EXCAVATION 

A. Earth, as a name for excavated material, shall include all glacial deposits whether cemented or 
not, except solid boulders one-half cubic yard or more in volume. It shall also include all alluvial 
deposits and material of every kind that can be excavated with equal facility by the equipment 
and means typically used for earth excavation. 

B.  Peat, as a name for excavated material, shall include all unstable organic soils such as peat, 
muck, marl, and underlying very soft clay. 

C. Rock, as a name for excavated material, shall include pre-glacial solid ledge rock that can be 
removed most practically by blasting, barring or wedging, or by some other standard method of 
quarrying solid rock. It shall also include solid boulders of one-half cubic yard or more in volume 
as well as existing concrete, masonry with mortar joints, or other existing structural work that can 
be excavated practically only by methods of quarrying solid rock. It shall not include fragile, friable, 
or disintegrated materials of any kind that can be excavated by equipment and means used for 
earth excavation. 
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3.5 EXCAVATION, GENERAL 

A. Unclassified Excavation: Excavate to subgrade elevations regardless of the character of surface 
and subsurface conditions encountered. Unclassified excavated materials may include rock, soil 
materials, and obstructions. No changes in the Contract Sum or the Contract Time will be 
authorized for rock excavation or removal of obstructions. 
1. If excavated materials intended for fill and backfill include unsatisfactory soil materials and 

rock, as determined by the Engineer, replace with satisfactory soil materials. 
2. Remove rock to lines and grades indicated to permit installation of permanent construction. 

3.6 METHODS OF EXCAVATION IN EARTH 

A. All excavation shall be by open cut from the surface, except in special cases where trenchless 
utility installation is required on the plans and approved by the Owner. All excavation shall be 
made in such a manner and to such depth, length, and width as will give ample room for building 
the structures, bracing, sheeting, and supporting the sides of the excavation, pumping and 
drainage of ground water and sewage which may be encountered, and removal of all materials 
excavated. Special care shall be taken so that the soil below the bottom of structures and utilities 
to be built shall be left undisturbed so that a firm bed will be provided for construction. Any voids 
shall be backfilled with suitable granular material and shall be compacted in accordance with this 
section. 

3.7 EXCAVATIN FOR STRUCTURES 

A. Excavation for Underground Tanks, Basins, and Utility Structures: Excavate to elevations and 
dimensions indicated within a tolerance of plus or minus 1 inch. Do not disturb bottom of 
excavations intended as bearing surfaces. 

B. Excavations at Edges of Tree- and Plant-Protection Zones: 
1. Excavate by hand to indicated lines, cross sections, elevations, and subgrades. Use 

narrow-tine spading forks to comb soil and expose roots. Do not break, tear, or chop 
exposed roots. Do not use mechanical equipment that rips, tears, or pulls roots. 

3.8 EXCAVATION FOR UTILITY TRENCHES 

A. Excavate trenches to indicated gradients, lines, depths, and elevations. 
1. Beyond building perimeter, excavate trenches to allow installation of top of pipe below frost 

line. 

B. General. 
1. Excavation shall be of sufficient width and depth to provide adequate room for construction 

and installation of the work to the lines, grades and dimensions called for on the plans. 
Unless otherwise called for in the Contract Documents, the width of a trench from the pipe 
invert to a height twelve (12) inches above the top of the pipe barrel shall be indicated as 
follows: 
a. Pipe diameter 4” through 12”: Maximum trench width = 30”. 
b. Pipe diameter 4” through 12”: Maximum trench width = 30”. 

2. If the maximum trench width as specified above is exceeded, unless otherwise shown on 
the drawings, the Contractor shall install, at his own expense, such concrete cradling or 
other bedding as is approved by the Owner’s Representative or Engineer, to support the 
added load of the backfill. 
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3. 2.Where trench excavation is in granular material, the last six (6) inches of trench depth 
shall be carefully excavated and trimmed by hand to the exact elevation and contour of 
pipe. Where trench excavation is in rock or clay soil, the trench bottom shall be undercut a 
minimum of four (4) inches below the final bottom elevation of pipe. The bedding material 
as hereinafter specified shall be placed and compacted to the underside of the pipe. 

4. Excavation for structures shall be made to the outside lines and surfaces of such structures 
wherever it is practicable to build directly against the sides and bottoms of excavations. In 
such cases, care shall be taken not to disturb the original foundation or backing. Final 
trimming shall be done by hand just before construction of the structure. If excess 
excavation is made, or the material becomes disturbed so as to require removal beyond 
the prescribed limits, the resulting space shall be refilled with bedding, as specified 
hereinafter, and solidly machine tamped into place to 95 percent of maximum unit weight 
before the construction work proceeds. 

5. Excavation for structures shall be extended sufficiently beyond the limits of the structure to 
provide ample room for form construction and other construction methods to be followed, 
wherever necessary. 

C. Bedding: 
1. Where the subgrade below the bottom of the pipe is disturbed during the construction, the 

space shall be refilled with granular or stone bedding solidly tamped to form a firm 
foundation for the pipe. 

D. Amount of Trench Opening: 
1. Not more than 50 lineal feet of trench shall be open at one time in advance of the pipe 

unless permitted by the Owner’s Representative. The length of street that may be occupied 
by the construction work at any one time shall be subject to the direction of the Owner and 
will be based on requirements of the use of the street by the public or Owner. No more 
than 600 consecutive feet of street length shall be occupied at one time, and vehicle traffic 
through the street shall not be entirely stopped without permission of the Engineer. After 
placement of the utility line, the Contractor shall backfill the trench promptly in order to 
minimize the length of open trench and avoid any unsafe conditions.  

E. Trenches in Tree-and-Plant-Protection Zones: 
1. Hand-excavate to indicated lines, cross sections, elevations, and subgrades. Use narrow-

tine spading forks to comb soil and expose roots. Do not break, tear, or chop exposed 
roots. Do not use mechanical equipment that rips, tears, or pulls roots. 

2. Do not cut main lateral roots or taproots; cut only smaller roots that interfere with installation 
of utilities. 

3. Cut and protect roots according to requirements in Division 01 Section "Temporary Tree 
and Plant Protection." 

3.9 TRENCH INSPECTION 

A. Notify Owner’s Representative when excavations have reached required elevation for bedding or 
structure foundation. 

B. Trench undercut: If the Owner’s Representative determines that unsatisfactory soil is present or 
that the soil at the bottom of the trench is instable, the contractor shall continue trenching below 
the elevations needed for pipe bedding and replace with compacted stone refill or granular backfill 
as directed by the Owner’s Representative. Trench undercut up to 18 inches below the bottom of 
the typical or per plan detail trench shall be performed at no additional cost to the Owner. 

C. Contractor shall reconstruct trench soils damaged by freezing temperatures, frost, rain, 
accumulated water, or construction activities, as directed by Engineer, without additional 
compensation. 
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3.10 UNAUTHORIZED EXCAVATION 

A. Fill unauthorized excavation under foundations or wall footings by extending bottom elevation of 
concrete foundation or footing to excavation bottom, without altering top elevation. Lean concrete 
fill, with 28-day compressive strength of 2500 psi, may be used when approved by the Engineer. 
1. Fill unauthorized excavations under other construction, pipe, or conduit as directed by 

Engineer or Owner’s Representative. 

3.11 STORAGE OF SOIL MATERIALS 

A. Stockpile borrow soil materials and excavated satisfactory soil materials without intermixing. 
Place, grade, and shape stockpiles to drain surface water. Cover to prevent windblown dust. 
1. Stockpile soil materials away from edge of excavations. Do not store within drip line of 

remaining trees. 
2. Do not store in protection zones, 100-year floodplain, or wetlands, as identified on the 

plans. 

3.12 TRANSPORT OF NATIVE MATERIALS OFFSITE 

A. If the Contractor encounters suitable materials (sand, gravel, topsoil, etc.) during the course of 
construction, he shall not be allowed to transport these materials offsite. Wherever possible, 
suitable native sands and gravels shall be used as backfill rather than transporting them to the 
on-site spoils berms and replacing them with non-native materials of a lesser quality. 

3.13 DIVERTING EXISTING SEWERS 

A. Where existing sewers or drains are encountered in the work, adequate provision shall be made 
for diverting flow in the existing sewers so that the excavation will be kept dry during the progress 
of the construction work. Upon completion of the construction work, the existing sewers shall be 
restored or otherwise provided with an adequate outlet as directed by the Owner’s 
Representative. Sewer diversion shall be considered incidental to the project. 

3.14 SHEETING, BRACING, SHORING 

A. Where required to properly support the surfaces of excavations to protect the construction work, 
adjacent work or workers, sheeting, bracing and shoring shall be provided by the contractor. If 
the Owner’s Representative determines that at any point sufficient or proper supports have not 
been provided, he may order such additional supports at the expense of the Contractor, but 
neither the placing of such additional supports by the order of the Owner’s Representative nor 
failure of the Owner’s Representative to order such additional supports placed shall release the 
Contractor from his responsibility for the sufficiency of such supports and the integrity of the work. 
In removing the sheeting and bracing after the construction has been completed, special care 
shall be taken to prevent any caving of the sides of the excavation and injury to the completed 
work or to the adjacent property. 

3.15 SHEETING LEFT IN PLACE 

A. Sheeting, bracing and shoring shall not be left in place after completion of the work except as 
required by the Engineer or Owner’s Representative. Where sheeting, bracing, and shoring must 
be left in place in order to protect the work, adjacent structures, or property, it shall be cut off or 
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left not less than two (2) feet below the finish surface grade. If sheeting, shoring or bracing must 
be left in place, then it shall be paid for at the contract unit bid price that is shown on the Bid Form. 
If a pay item was not included on the Bid Form, then a work order shall be negotiated.  

3.16 CROSSING EXISTING STRUCTURES AND PIPES 

A. During construction, it may be necessary to cross under certain sewers, drains, culverts, water 
lines, gas lines, electric conduits and other underground structures. Every effort shall be made to 
prevent damage to such structures. Wherever such structures or utilities are disturbed or broken, 
they shall be restored to good working condition. Compacted granular backfill shall be placed 
around, above, and below such utilities as described in the section pertaining to backfilling. MDOT 
Grade S3 concrete shall be utilized where directed by the Engineer or Owner’s Representative at 
no additional cost to the project. Either granular backfill or concrete shall be brought to, at 
minimum, the spring line of the higher utility. 

3.17 TUNNELING TREES 

A. Trees eight (8) inches in diameter or less will require a minimum tunnel length of eight (8) feet. 
Trees over eight (8) inches in diameter, measured four (4) feet above the ground surface, will 
require a minimum tunnel length equal to one foot for each inch of tree diameter. 

B. Trees shall be tunneled whenever any portion of an excavation approaches within a distance 
equal to one-half the required tunnel length except as otherwise noted on the plans. 

C. Tunneling under trees may be accomplished by one of the following: 
1. Boring and jacking casing pipe along with placement of a carrier pipe. 
2. Boring and jacking of sewer pipe or water main without a casing pipe. 
3. Jacking sewer or water main without boring and without a casing pipe. 

D. Plan notes or existing field conditions shall indicate which method may be used for the tree 
tunneling work. 

3.18 BEDDING 

A. Bedding shall be worked under the haunches of the pipe to provide firm, continuous support. 

B. Material shall be placed and compacted on the sides and above the pipe in accordance with the 
“Initial Backfill” paragraph below. 

3.19 BACKFILL 

A. Place and compact backfill in excavations promply, but not before completing the following: 
1. Construction below finish grade including, where applicable, subdrainage, dampproofing, 

waterproofing, and perimeter insulation. 
2. Surveying locations of underground utilities for Record Documents. 
3. Testing and inspecting underground utilities. 
4. Removing concrete formwork. 
5. Removing trash and debris. 
6. Removing temporary shoring and bracing, and sheeting. 
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B. Place backfill on subgrades free of mud, frost, snow, or ice. No sloppy or wet material shall be 
used as backfill. 

C. Contractor shall backfill trenches and other excavations with suitable excavated material or 
granular material as specified in this section. 

D. Initial Backfill (up to 12” over pipe) shall be compacted granular backfill for pipes less than 36 
inches in diameter. Bedding and backfill of pipes 36 inches in diameter or greater shall be pea 
gravel up to the spring line of the pipe and compacted granular backfill from the spring line up to 
12 inches above the pipe. 

E. Final backfill (greater than 12” above pipe): 
1. Final backfill shall be compacted granular backfill unless otherwise noted in the project 

plans and details. Final backfill material shall be placed in layers not to exceed 12 inches 
thick unless the Contractor can demonstrate to the satisfaction of the Owner’s 
Representative that he can consistently attain the specified density at all depths on thicker 
lifts. 

2. If the moisture content of job excavated cohesive backfill material exceeds the optimum 
moisture content for maximum density by more than three percent (3%), the Contractor 
shall dry the material to meet the foregoing moisture content limitation or provide, at his 
own expense, approved granular backfill. 

3. Each lift of final backfill, granular material and job excavated backfill, shall be compacted 
by the contractor to 95% of maximum unit weight, as verified in accordance with the 
“Density Testing of Backfill” paragraph below. Additional lifts of backfill shall not be placed 
until acceptable compaction has been achieved and verified on the underlying lift. 

4. Wherever gas mains, water mains, sewers, or other utilities are located in the trench area, 
granular backfill shall be used for backfill from bottom of the trench up to the spring line of 
the highest pipe. Granular backfill shall be placed across the full trench width and extend 
far enough either side of the existing pipe to allow specified compaction so as to thoroughly 
support the pipe within the trench area. 

F. Maximum unit weight will be determined by ASTM D 1557, current methods of Test for 
Compaction and Density of Soil, AASHTO Designation T-180 or by the Cone Density Method 
developed by MDOT, as directed by the Owner or Owner’s Representative. 

G. When job excavated backfill and/or compaction methods are not suitable to obtain the specified 
compaction, the Contractor shall, at his expense, remove unsuitable materials or add granular 
materials, or both, to obtain compaction as specified. 

H. Any depression resulting from settlement of any backfill prior to the date of final payment for all 
work under this contract shall be brought to the proper grade and surface and made to match the 
adjacent surface. Any additional surface restoration, re-pavement, utility repair, and/or 
landscaping repairs required as a result of settlement shall be performed in accordance with the 
relevant Section at the Contractor’s expense. 

I. Compaction: 
1. Initial backfill of pipes (up to 12” over pipe) shall be compacted with a hand tamper, walk-

behind vibratory compactor or equivalent equipment. 
2. Compaction of Final backfill shall be obtained with the use of a bulldozer, sheepsfoot roller, 

mechanical tamper, excavator mounted compactor, or other similar and effective 
equipment. Compaction shall be performed by the contractor at his expense, in order to 
satisfy the density requirements of this contract. 

3. Materials identified on the plans as “CIP” or “Compacted” shall be compacted in this 
manner and to the requirements of this section. 

J. Density Testing of Backfill 
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1. Density of compacted final backfill shall be verified in-place by the Owner’s Representative 
in accordance with ASTM D 6938 (nuclear gauge). 

2. The Contractor shall be informed of all density test results as they are recorded.  
3. Contractor is responsible for providing and maintaining safe and reasonable access for a 

field engineer or technician to verify the compaction of each lift in the trench. 

K. Trenches in Pavement Areas 
1. Final backfill shall be granular backfill for all trenches under proposed or existing paved 

streets, shoulders, traveled roadways, parking areas and driveways as shown on the plans 
up to the required surface subgrade elevation which will allow for placement of the required 
gravel base and/or pavement surface. With the approval of the Owner’s Representative, 
water jetting may be accepted in lieu of tamping for granular backfill only. 

2. Final backfill shall be compacted granular backfill for the entire trench when either edge of 
trench is within three (3) feet of proposed or existing edge of pavement. On road crossings, 
specified compaction shall extend ten (10) feet beyond the edge of pavement for paved 
roadways with gravel shoulders or shall extend three (3) feet beyond the back of curb for 
roadways with curb. 

3. Trenches under proposed or existing concrete sidewalks and bike paths shall be backfilled 
from one foot above top of pipe to a level four (4) inches below finished grade of the 
sidewalk with approved suitable excavated backfill or granular backfill and compacted to 
ninety-five percent (95%) maximum density. 

L. Backfilling Around Structures 
1. As soon as practicable after concrete structures have set, forms and debris shall be 

removed and the surface of the concrete pointed. After the structure has been checked 
and approved, the excavated area around the structure shall be backfilled up to specified 
subgrade with granular material or suitable excavated material as called for on the 
drawings for the adjacent trench. The fill shall be thoroughly compacted by machine 
tamping. No large boulders or ma-sonry shall be placed in backfill. No backfill will be placed 
against manhole walls within 48 hours after the plaster coat has been applied to the outside 
of the walls nor shall backfill be placed about concrete structures until concrete has attained 
at least 75 percent of its design strength and approval of the Engineer has been obtained. 

3.20 WARNING TAPE INSTALLATION 

A. Contractor shall place warning tape directly over all lengths of pipe, between lifts of final backfill 
a minimum of 12 inches above the top of the pipe and no less than 12 inches from the finish grade 
of the trench, as directed by the Owner’s Representative or the plans. 

3.21 REMOVAL AND TRANSPORT OF EXCAVATED MATERIAL 

A. Excess suitable material and unsuitable material that remains after trenching and backfill activities 
shall be handled and disposed of in accordance with the Division 31 Section regarding 
“Excavation and Fill”. 

3.22 FIELD QUALITY CONTROL 

A. Special Inspections: Owner will engage a qualified geotechnical testing agency to perform the 
following special inspections: 
1. Determine that backfill material and maximum lift thickness comply with requirements. 
2. Determine, at the required frequency, that in-place density of compacted fill complies with 

requirements. 
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B. Contractor shall allow testing agency to inspect and test subgrades and each fill or backfill layer. 
Proceed with subsequent trenching and backfilling only after test results for previously completed 
work comply with requirements. 

C. When testing agency reports that subgrades, fills, or backfills have not achieved degree of 
compaction specified, scarify and moisten or aerate, or remove and replace soil materials to depth 
required; recompact and retest until specified compaction is obtained. Material shall be replaced 
at the cost of the contractor if repeated tests of backfill are not verified as acceptable to the testing 
agency. 

3.23 CONTRACTOR SAFETY REQUIREMENTS 

A. The excavation and trenching operations shall be conducted by the Contractor in a manner that 
will provide safe working conditions for all persons on the site who may be affected by the Work. 
The Contractor shall also conduct his operations in a manner that will protect adjacent property 
from damage. 

B. Trench sides shall be either cut back to the slope as necessitated by soil and ground water 
conditions to provide stable sides, or supporting systems shall be installed that are capable of 
restraining the earth sides from movement. A qualified employee of the Contractor shall design 
the trench supporting systems. 

C. The Contractor shall employ, at all times at the site of the work, a qualified person who will be 
responsible for the safety of both the work and workmen, and who will make all the decisions 
relevant to the stability of trenches, the adequacy of any and all protective devices, proper 
operation of equipment, and all other matters related to safety. 

D. The Contractor shall not store, along and adjacent to the trench, excavated material, heavy 
equipment, backfill materials, sewer pipe, or other construction materials which may impose too 
great a load on the earth and cause displacement or caving of the earth. The Contractor shall, at 
all times, provide a safe means of emergency exit from all trench excavations. 

END OF SECTION 312333 
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SECTION 32 11 00 – BASE COURSES 

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. 

B. ASTM D 6938 “Standard Test Methods for In-Place Density and Water Content of Soil and Soil-
Aggregate by Nuclear Methods” 

C. ASTM D 1557 “Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 
Modified Effort” 

D. Michigan Department of Transportation Density Testing and Inspection Manual (rev 2014) 

1.2 SUMMARY 

A. Work shall include furnishing of labor, materials, tools, equipment, accessories, and services 
necessary for completing the placement and inspection of the items as shown on the contract 
drawings and/or as herein required. This also includes proof rolling, preparing subgrade, placing 
and compacting base courses, and required remedial action, and the disposal of unsuitable 
material. 

B. Section Includes: 
1. Subgrade Preparation and Inspection 
2. Subgrade Undercut 
3. Base aggregate course placement and compaction. 

C. Related Sections: 
1. Division 31 Section "Excavation and Fill” 
2. Division 32 Sections for “Asphalt Paving” and “Concrete Paving”. 

1.3 DEFINITIONS 

A. Backfill: Soil material or controlled low-strength material used to fill an excavation. 

B. Base Course: Aggregate soil layer placed above subgrade and below pavement, above subbase 
and below pavement, or above subgrade and below sidewalk. 

C. Borrow Soil: Satisfactory soil imported from off-site for use as fill or backfill. 

D. Excavation: Removal of material encountered above subgrade elevations and to lines and 
dimensions indicated. 

E. Fill: Soil materials used to raise existing grades. 

F. Pavement: Portland Cement Concrete or Hot-Mix Asphalt (HMA) installed over an aggregate 
base course for supporting vehicular traffic and/or parking. 
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G. Sidewalk: Portland Cement Concrete installed over a granular base course for supporting 
pedestrian traffic. 

H. Subbase Course: Aggregate layer placed between the subgrade and base course for hot-mix 
asphalt pavement, or aggregate layer placed between the subgrade and a cement concrete 
pavement or a cement concrete or hot-mix asphalt walk. 

I. Subgrade: Uppermost surface of an excavation or the top surface of a fill or backfill immediately 
below subbase, drainage fill, drainage course, or topsoil materials. 

J. Utilities: On-site underground pipes, conduits, ducts, and cables, as well as underground services 
within buildings. 

1.4 SUBMITTALS 

A. Material Test Reports: For each borrow soil material proposed as follows: 
1. Classification according to  D 2487. 
2. Laboratory compaction curve according to ASTM D 1557. 

1.5 QUALITY ASSURANCE 

A. References to Michigan Department of Transportation (MDOT) Specifications shall pertain to the 
current edition of the Standard Specifications for Construction. 

1.6 PROJECT CONDITIONS 

A. Traffic: Minimize interference with adjoining roads, streets, walks, and other adjacent occupied or 
used facilities during PAVING operations. 
1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities without 

permission from Owner and authorities having jurisdiction. 
2. Provide alternate routes around closed or obstructed traffic ways if required by Owner or 

authorities having jurisdiction. 

B. Maintain erosion control measures during base and paving work. 

PART 2 - PRODUCTS 

2.1 SOIL MATERIALS - GENERAL 

A. General: Provide borrow soil materials when sufficient satisfactory soil materials are not available 
from excavations.  

2.2 BASE AGGREGATES 

A. Granular Material: shall meet the requirements of Section 902.07 of the MDOT Standard 
Specifications for Construction for Granular Material for Fill and Subbase. 

B. Stone Aggregate shall meet the requirements of Section 902.05 of the MDOT Standard 
Specifications for Construction for Coarse Aggregate or approved salvaged on-site material. 
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PART 3 - EXECUTION 

3.1 PREPARATION 

A. Excavation and filling operations shall be complete prior to placing base courses. 

B. Trenching and backfilling operations shall be complete prior to placing base courses over 
trenches. 

C. Protect subgrades and foundation soils from freezing temperatures and frost. Remove temporary 
protection before placing subsequent materials. 

D. Subgrade shall be graded and compacted prior to placing subbase or base course(s). 

3.2 SUBGRADE INSPECTION 

A. Contractor shall proof-roll subgrade below pavements with heavy pneumatic-tired equipment to 
identify soft pockets and areas of excess yielding. Do not proof-roll wet or saturated subgrades. 

B. If Engineer or Owner’s Representative determines that unsatisfactory soil is present – perform 
“SUBRADE UNDERCUT”. Subgrade undercut performed by the Contractor in areas designated 
for Fill or Embankment under this contract shall be performed at the expense of the Contractor. 

C. Contractor shall reconstruct subgrades damaged by freezing temperatures, frost, rain, 
accumulated water, or construction activities, as directed by Engineer, without additional 
compensation. 

3.3 SUBGRADE UNDERCUT 

A. Undercut and remove unsatisfactory soils to depth and horizontal extents as directed by the 
Engineer or Owner’s Representative. 

B. Replace the removed material with fill, grade and compact to the plan-indicated subgrade 
elevations in accordance with the FILL materials and procedures as specified in Section 31 23 
00 “Excavation and Fill.” 

C. Contractor shall underlay fill material with a Stabilization Geotextile as specified in MDOT 
Specification Table 910-1 placed atop soft soil and fill with compacted granular material, as 
directed by the Owner’s Representative. 

3.4 STORAGE OF SOIL MATERIALS 

A. Stockpile borrow soil materials and excavated satisfactory soil materials without intermixing. 
Place, grade, and shape stockpiles to drain surface water. Cover to prevent windblown dust. 
1. Stockpile soil materials away from edge of excavations. Do not store within drip line of 

remaining trees. 
2. Do not store in protection zones, 100-year floodplain, or wetlands, as identified on the 

plans. 
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3.5 SUBBASE 

A. Where identified on the plans and in the applicable details, Contractor shall place and compact a 
subbase course of GRANULAR MATERIAL atop the subgrade, prior to placing base aggregate 
course. 

B. Compact subbase according to “COMPACTION.” 

3.6 AGGREGATE BASE COURSE FOR PAVING 

A. In areas to receive concrete pad or HMA pavement, Contractor shall place a base course of 
STONE AGGREGATE, as identified on the plan, on subgrades or subbase free of mud, frost, 
snow, organics, or ice as specified in the project plans and details. Thickness and top of base 
course grades shall match project plans and details. 

B. Compact base course according to “COMPACTION.” 

3.7 GRANULAR BASE COURSE FOR SIDEWALK 

A. Contractor shall place a base course of GRANULAR MATERIAL, as identified on the plan, on 
prepared subgrades free of mud, frost, snow, or ice as specified in the project plans and details. 
Thickness and top of base course grades shall match project plans and details. 

B. Compact granular base course according to “COMPACTION.” 

3.8 COMPACTION 

A. Base courses shall be placed in lift thickness as needed to achieve density. 

B. Each lift shall be compacted by the contractor to 95% of maximum unit weight, as verified in 
accordance with the “Density Testing of Base Courses” paragraph below. Additional lifts of 
subbase, base course and/or pavement shall not be placed until acceptable compaction has been 
achieved and verified on the underlying lift. 

C. Maximum unit weight will be determined by ASTM D 1557, current methods of Test for 
Compaction and Density of Soil, AASHTO Designation T-180 or by the Cone Density Method 
developed by MDOT, as directed by the Owner or Owner’s Representative. 

D. When compaction methods are not suitable to obtain the specified compaction, the Contractor 
shall, at his expense, remove unsuitable materials and replace with specified material. 

E. Compaction of material shall be obtained with the use of a vibratory roller, mechanical tamper, 
excavator mounted compactor, or other similar and effective equipment. Compaction shall be 
performed by the contractor at his expense, in order to satisfy the density requirements of this 
contract. 

F. Density Testing 
1. Density of compacted material shall be verified in-place by the Owner’s Representative in 

accordance with ASTM D 6938 (nuclear gauge). 
2. The Contractor shall be informed of all density test results as they are recorded.  
3. Contractor is responsible for providing and maintaining safe and reasonable access for a 

field engineer or technician to verify the compaction of each lift of base course. 
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3.9 REMOVAL AND TRANSPORT OF EXCAVATED MATERIAL 

A. Unsuitable material that remains after base course activities shall be handled and disposed on 
site at the spoils berm. 

3.10 FIELD QUALITY CONTROL 

A. Special Inspections: Owner will engage a qualified testing agency to perform the following special 
inspections: 
1. Determine that fill material and maximum lift thickness comply with requirements and are 

appropriate to achieve density. 
2. Determine, at the required test frequency, that in-place density of compacted fill complies 

with requirements. 

B. Contractor shall allow testing agency to inspect and test subgrades and each layer of base 
course. Proceed with subsequent work only after test results for previously completed work 
comply with requirements. 

C. When testing agency reports that base courses have not achieved the degree of compaction 
specified, scarify and moisten or aerate, or remove and replace soil materials to depth required; 
recompact and retest until specified compaction is obtained. Material shall be replaced at the 
expense of the contractor if repeated tests are not verified as acceptable to the testing agency. 

3.11 PROTECTION 

A. Protecting Graded Areas: Protect newly graded areas from traffic, freezing, and erosion. Keep 
free of trash and debris. 

B. Repair and reestablish grades to specified tolerances where completed or partially completed 
surfaces become eroded, rutted, settled, or where they lose compaction due to subsequent 
construction operations or weather conditions. 
1. Scarify or remove and replace soil material to depth as directed by Engineer; reshape and 

recompact. 

C. Where settling occurs before Project correction period elapses, remove finished surfacing, backfill 
with additional soil material, compact, and reconstruct surfacing. 
1. Restore appearance, quality, and condition of finished surfacing to match adjacent work, 

and eliminate evidence of restoration to greatest extent possible. 

END OF SECTION 321100 
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SECTION 321216 - ASPHALT PAVING 

 
 

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. 

 
B. References to MDOT refer to the 2020 Standard Specifications for Construction 

 
C. ASTM D 6938 “Standard Test Methods for In-Place Density and Water Content of Soil and Soil- 

Aggregate by Nuclear Methods” 

 
D. ASTM D 1557 “Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 

Modified Effort” 

 
E. Michigan Department of Transportation Density Testing and Inspection Manual (rev 2014) 

 
F. MDOT Special Provision for Marshall Hot Mix Asphalt Mixture (12SP-501F-01) 

 
G. MDOT Special Provision for Acceptance of Hot Mix Asphalt Mixture on Local Agency Projects 

(12SP-501J-04) 

 
H. MDOT Special Provision for Recycled Hot Mix Asphalt Mixture on Local Agency Roads (12SP- 

501E-04) 

 
 

1.2 SUMMARY 

 
A. Work shall include furnishing of labor, materials, tools, equipment, accessories, and services 

necessary for completing the asphalt concrete paving for the items as shown on the contract 
drawings and/or as herein required. This also includes preparing the aggregate base course, 
placing and compacting asphalt, grading and tolerance compliance, facilitating testing of the 
asphalt, and repairing and remediating defects. 

 
B. Section Includes: 

1. Cold milling of existing asphalt pavement. 
2. Hot-mix asphalt (HMA) patching. 
3. HMA paving. 
4. HMA overlay. 
5. Asphalt curbs. 

 
C. Related Requirements: 

1. Division 31 Sections for "Excavation and Fill” and “Trenching and Backfill" for subgrade 
preparation and fill material. 

2. Division 32 Section for "Concrete Paving” for joint sealants and fillers at pavement 
terminations. 
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1.3 PREINSTALLATION MEETINGS 

 
A. Preinstallation Conference: Conduct conference in accordance with Section 01 31 00 “Project 

Management and Coordination” 

 
 

1.4 DEFINITIONS 

 
A. Wearing Course: HMA layer installed as the upper most layer of a multiple-course HMA 

pavement cross section. 

 
B. Leveling Course: HMA layer installed as a layer below the wearing course and atop the base 

course of a multiple-course HMA pavement cross section. 

 
C. Base Course: HMA layer installed as the lower most layer of a multiple-course HMA pavement 

cross section, installed atop the aggregate base course 

 
D. Aggregate Base Course: stone layer installed above subbase or subgrade and below the 

pavement. 

 
 

1.5 SUBMITTALS 

 
A. Job Mix Formula: for each HMA product shown 

 
B. Paving Sequence Plan – showing proposed cold joints and course placement. 

 
C. Material Certificates: For each paving material including statements certifying that mixes 

containing recycled materials will perform equal to mixes produced from all new materials. 

 
 

1.6 QUALITY ASSURANCE 

 
A. Manufacturer Qualifications: A paving-mix manufacturer registered with and approved by 

authorities having jurisdiction or MDOT. 

 
B. Regulatory Requirements: Comply with materials, workmanship, and other applicable 

requirements of MDOT for asphalt paving work. 
1. Measurement and payment provisions and safety program submittals included in MDOT 

standard specifications do not apply to this Section. 

 
 

PART 2 - PRODUCTS 

 
 

2.1 AGGREGATES FOR HOT-MIX ASPHALT 

 
A. Coarse Aggregate: In accordance with MDOT Specification 902.09 

 
B. Fine Aggregate: In accordance with MDOT Specification 902.09B. 

 
C. Mineral Filler: In accordance with MDOT Specification 902.11. 
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2.2 ASPHALT MATERIALS 

 
A. Asphalt Binder: Shall be PG 64-28, unless modified below 

 
B. Tack Coat: shall be SS-1h in accordance with MDOT Specification Table 904-4. 

 
 

2.3 AUXILIARY MATERIALS 

 
A. Recycled Materials for Hot-Mix Asphalt Mixes: Reclaimed asphalt pavement (RAP); reclaimed, 

unbound-aggregate base material; and recycled tires, asphalt shingles, or glass from sources 
and gradations that have performed satisfactorily in previous installations, equal to performance 
of required hot-mix asphalt paving produced from all new materials. 
1. RAP content shall be determined and subsequently modify the Binder grade according to 

MDOT Special Provision 12SP-501E-04 

 
B. Herbicide: Commercial chemical for weed control, registered by the EPA, and not classified as 

"restricted use" for locations and conditions of application. Provide in granular, liquid, or wettable 
powder form. 

 
 

2.4 HMA MIXES 

 
A. Hot-Mix Asphalt: Dense-graded, hot-laid, hot-mix asphalt plant mixes as specified in MDOT 

Special Provision 12SP-501F-01 Tables 1 and 2. 

 
B. Wearing Course: as specified in project plans and details 

1. RAP / Binder grade determined by Tier 1 in 12SP-501E-04 
2. Minimum Aggregate Wear Index (AWI) of 220 

 
C. Leveling Course: as specified in project plans and details 

 
D. Base Course: as specified in project plans and details 

 
 

PART 3 - EXECUTION 

 
 

3.1 PATCHING 

 
A. Asphalt Pavement: Saw cut perimeter of patch and excavate existing pavement section to sound 

base. Excavate rectangular or trapezoidal patches, extending 12 inches into perimeter of adjacent 
sound pavement, unless otherwise indicated. Cut excavation faces vertically. Remove excavated 
material. Recompact existing unbound-aggregate base course to form new subgrade. 

 
B. Portland Cement Concrete Pavement: Break cracked slabs and roll as required to reseat 

concrete pieces firmly. 
1. Remove disintegrated or badly cracked pavement. Excavate rectangular or trapezoidal 

patches, extending into perimeter of adjacent sound pavement, unless otherwise indicated. 
Cut excavation faces vertically. Recompact existing unbound-aggregate base course to 
form new subgrade. 

 
C. Tack Coat: Before placing patch material, apply tack coat uniformly to vertical asphalt surfaces 
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abutting the patch. Apply at a rate of 0.05 to 0.15 gal./sq. yd. 
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1. Allow tack coat to cure undisturbed before applying hot-mix asphalt paving. 
2. Avoid smearing or staining adjoining surfaces, appurtenances, and surroundings. 

Remove spillages and clean affected surfaces. 

 
D. Placing Patch Material: Fill excavated pavement areas with hot-mix asphalt base mix for full 

thickness of patch and, while still hot, compact flush with adjacent surface. 

 
 

3.2 SURFACE PREPARATION 

 
A. General: Immediately before placing asphalt materials, remove loose and deleterious material 

from substrate surfaces. Ensure that aggregate base course and subgrade are ready to receive 
paving. Notify Owner’s Representative with 24 hours’ notice prior to proof-roll. 

 
B. Proof-roll aggregate base course below pavements with heavy pneumatic-tired equipment to 

identify soft pockets and areas of excess yielding. Do not proof-roll wet or saturated subgrades. 
Owner’s Representative or Owner’s representative may, at their discretion and judgement, direct 
subgrade undercut to remediate unacceptable areas. 

 
C. Contractor shall perform Subgrade Undercut, subbase and/or aggregate base bourse removal, 

replacement, and compaction at the direction of the Owner’s Representative to provide a stable 
paving surface. 

 
D. Herbicide Treatment: As directed by Owner’s Representative, apply herbicide according to 

manufacturer's recommended rates and written application instructions. Apply to dry, prepared 
subgrade or surface of compacted-aggregate base before applying paving materials. 

 
E. Tack Coat: Apply uniformly to surfaces of existing pavement at a rate of 0.05 to 0.15 gal./sq. yd. 

1. Allow tack coat to cure undisturbed before applying hot-mix asphalt paving. 
2. Avoid smearing or staining adjoining surfaces, appurtenances, and surroundings. 

Remove spillages and clean affected surfaces. 

 
 

3.3 PLACING HOT-MIX ASPHALT 

 
A. Machine place hot-mix asphalt on prepared surface, spread uniformly, and strike off. Place 

asphalt mix by hand in areas inaccessible to equipment in a manner that prevents segregation of 
mix. Place each course to required grade, cross section, and thickness when compacted. 
1. Spread mix at a minimum temperature of 250 deg F. 
2. Regulate paver machine speed to obtain smooth, continuous surface free of pulls and 

tears in asphalt-paving mat. 

 
B. Place paving in consecutive strips not less than 10 feet wide unless infill edge strips of a lesser 

width are required. 

 
C. Promptly correct surface irregularities in paving course behind paver. Use suitable hand tools to 

remove excess material forming high spots. Fill depressions with hot-mix asphalt to prevent 
segregation of mix; use suitable hand tools to smooth surface. 
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3.4 JOINTS 

 
A. Construct joints to ensure a continuous bond between adjoining paving sections. Construct joints 

free of depressions, with same texture and smoothness as other sections of hot-mix asphalt 
course. 
1. Clean contact surfaces and apply tack coat to joints. 
2. Offset longitudinal joints, in successive courses, a minimum of 6 inches. 
3. Offset transverse joints, in successive courses, a minimum of 24 inches. 
4. Construct transverse joints at each point where paver ends a day's work and resumes work 

at a subsequent time. Construct these joints using either "bulkhead" or "papered" method 
according to AI MS-22, for both "Ending a Lane" and "Resumption of Paving Operations." 

 
B. Whenever possible in driveways, driving lanes, or streets, perform full-width paving to avoid the 

creation og longitudinal cold joints. 

 
C. Paving sequence shall be approved by the Owner’s Representative prior to paving. 

 
 

3.5 COMPACTION 

 
A. General: Begin compaction as soon as placed hot-mix paving will bear roller weight without 

excessive displacement. Compact hot-mix paving with hot, hand tampers or with vibratory-plate 
compactors in areas inaccessible to rollers. 
1. Complete compaction before mix temperature cools to 185 deg F. 

 
B. Breakdown Rolling: Complete breakdown or initial rolling immediately after rolling joints and 

outside edge. Examine surface immediately after breakdown rolling for indicated crown, grade, 
and smoothness. Correct laydown and rolling operations to comply with requirements. 

 
C. Intermediate Rolling: Begin intermediate rolling immediately after breakdown rolling while hot- mix 

asphalt is still hot enough to achieve specified density. Continue rolling until hot-mix asphalt 
course has been uniformly compacted to the following density: 

 
D. Finish Rolling: Finish roll paved surfaces to remove roller marks while hot-mix asphalt is still warm. 

 
E. Contractor shall be responsible for compacting asphalt to a minimum 92 percent and a maximum 

of 98 percent of the theoretical maximum density (see “Field Quality Control”). 

 
F. Edge Shaping: While surface is being compacted and finished, trim edges of pavement to proper 

alignment. Bevel edges while asphalt is still hot; compact thoroughly. 

 
G. Protection: After final rolling, do not permit vehicular traffic on pavement until it has cooled and 

hardened. 

 
H. Erect barricades to protect paving from traffic until mixture has cooled enough not to become 

marked. 

 
 

3.6 ASPHALT CURBS 

 
A. No asphalt curbs shall be constructed. 
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3.7 INSTALLATION TOLERANCES 

 
A. Asphalt shall be placed and compacted such that the top of the wearing course matches the 

design finish grades and match lines as noted in the project plans, within the tolerances described 
below. 

 
B. Pavement Thickness: Compact each course to produce the thickness indicated within the 

following tolerances: 
1. Base Course and Levelling Course: Plus or minus 1/4 inch. 
2. Wearing Course: Plus 1/4 inch, no minus. 

 
C. Pavement Surface Smoothness: Compact each course to produce a surface smoothness within 

the following tolerances as determined by using a 10-foot straightedge applied transversely or 
longitudinally to paved areas: 
1. Base Course and Levelling Course: 1/4 inch. 
2. Wearing Course: 1/8 inch. 
3. Crowned Surfaces: Test with crowned template centered and at right angle to crown. 

Maximum allowable variance from template is 1/4 inch. 

 
 

3.8 FIELD QUALITY CONTROL 

 
A. Testing Agency: Owner may engage a qualified testing agency to perform tests and inspections. 

 
B. Replace and compact hot-mix asphalt where core tests were taken. 

 
C. Remove and replace or install additional hot-mix asphalt where test results or measurements 

indicate that it does not comply with specified requirements. 

 
D. Maximum Density shall be determined by the Theoretical Maximum Specific Gravity and Density 

of Bituminous Paving Mixtures Procedure AASHTO T 209 and ASTM D 2041. The temperature 
of the asphalt specimen at the time of compaction shall be 275° F unless otherwise specified. 
One set of three (3) specimens shall be made on the first day of placement and on subsequent 
days as directed by the Testing Agency. 

 
E. The measurement of field-compacted density shall be done with a nuclear gauge utilizing the 

theoretical specific gravity (Gmm) from the job mix formula for the density control target. 

 
F. Testing frequency shall be once per 6,000 square feet of pavement. 

 
G. When a test result is less than 92 percent of maximum density, two additional tests shall be taken 

by the Testing Agency within 50 feet of the original failing test. Tester shall take samples for 
testing during each day of work and perform required verification testing in accordance with 
MDOT Special Provision 12SP-501J-04. References to the “Local Agency” shall be treated as the 
Owner. 

 
 

3.9 WASTE HANDLING 

 
A. General: Handle asphalt-paving waste according to approved waste management plan required 

in Section 01 74 19 "Construction Waste Management and Disposal." 
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END OF SECTION 321216 
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SECTION 321313 - CONCRETE PAVING 

 
 

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. 

 
B. ASTM C 94 “Standard Specification for Ready-Mixed Concrete” 

 
C. ASTM C 150 “Standard Specification for Portland Cement 

 
D. MDOT Special Provision for Quality Control and Acceptance of Portland Cement Concrete 

(12SP-604B-06) 

 
E. American Concrete Institute (ACI) Standard 301 “Specifications for Structural Concrete” 

 
 

1.2 SUMMARY 

 
A. Work shall include furnishing of labor, materials, tools, equipment, accessories, and services 

necessary for completing the items as shown on the contract drawings and/or as herein 
required. 

 
B. Section Includes Concrete Paving Including the Following: 

1. Driveways. 
2. Roadways. 
3. Parking lots and concrete pads 
4. Curbs and gutters. 
5. Walks (Sidewalks) 

 
 

1.3 ACTION SUBMITTALS 

 
A. Product Data: For each type of product. 

 
B. Samples: For each type of product, ingredient, or admixture requiring color selection. 

 
C. Design Mixtures: For each concrete paving mixture. Include alternate design mixtures when 

characteristics of materials, Project conditions, weather, test results, or other circumstances 
warrant adjustments. 

 

1.4 QUALITY ASSURANCE 

 
A. Ready-Mix-Concrete Manufacturer Qualifications: A firm experienced in manufacturing ready- 

mixed concrete products and that complies with ASTM C 94/C 94M requirements for production 
facilities and equipment. 
1. Manufacturer certified according to NRMCA's "Certification of Ready Mixed Concrete 

Production Facilities" (Quality Control Manual - Section 3, "Plant Certification Checklist"). 
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1.5 PRECONSTRUCTION TESTING 

 
A. Preconstruction Testing Service: Contractor shall engage a qualified independent testing 

agency to perform preconstruction testing on concrete paving mixtures. 

 
 

PART 2 - PRODUCTS 

 
2.1  CONCRETE, GENERAL 

 
A. ACI Publications: Comply with ACI 301 unless otherwise indicated. 

 
B. All reinforcement, aggregates, admixtures, curing compounds, cementitious materials and any 

other materials required to batch concrete materials and maintain specified criteria shall be 
considered incidental to the contract. 

 
2.2 

  
STEEL REINFORCEMENT 

 
A. Contractor shall supply in accordance with MDOT Specification 905 and as noted on the plans. 

 
2.3 

  
CONCRETE MATERIALS 

 
A. Cementitious Materials: Use the following cementitious materials, of same type, brand, and 

source throughout Project: 
1. Portland Cement, Fly Ash, Slag Cement, and Blended Cement shall be supplied in 

accordance with MDOT Section 901 “CEMENT AND LIME” 

 
B. Fine Aggregate shall be 2NS Sand in accordance with MDOT Section 902. 

 
C. Course Aggregate shall be 6AA limestone in accordance with MDOT Section 902. 

 
D. Concrete Admixtures shall be supplied in accordance with MDOT Section 903. 

 
E. Water: supplied in accordance with MDOT Section 911. 

 
2.4 

  
CURING MATERIALS 

 
A. Curing materials shall be supplied in accordance with MDOT Section 903. 

 
2.5 

  
RELATED MATERIALS 

 
A. Jointing and waterproofing materials shall be supplied in accordance with MDOT Section 914. 

 

 
2.6 

  
CONCRETE MIXTURES 

 
A. Prepare design mixtures, proportioned according to MDOT Section 601 and/or Section 701, for 

each type and strength of concrete, and as determined by either laboratory trial mixtures or field 
experience. 
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B. Mix design identification and/or requirements shall be per the project plans. When the plans do 
not specify, the following mix designs shall be use: 
1. Driveways: MDOT Concrete Grade P1, P-NC, or S2 or approved equivalent 
2. Roadways: MDOT Concrete Grade P1, 4,000 psi 28-day strength or approved equivalent 
3. Parking lots: MDOT Concrete Grade P1 or approved equivalent 
4. Curbs and gutters: 

a. MDOT Concrete Grade P1 or S2 or approved equivalent 
b. Approved equivalent shall achieve 3,500 psi compressive strength at 28-days. 

5. Walks: MDOT Concrete Grade P2, P1, S3, or S2 or approved equivalent 

 
C. Cementitious Materials: Contractor shall select, for approval of the engineer, a mixture with 

ONE of the following cementitious proportions. 
1. 100% Portland cement with an alkali level of less than 0.60% per ASTM C 150 expressed 

as equivalent Sodium Oxide. The total alkali content from the cement shall not exceed 
3.0 pounds per cubic yard. 

2. 35% GGBFS (slag cement) Grade 100 or 120 per ASTM C 989, 65% Portland cement 
3. Other proportion approved by the Engineer. 

 
D. Add air-entraining admixture at manufacturer's prescribed rate to result in normal-weight 

concrete at point of placement having an air content as follows: 
1. Air Content: 5.5 percent to 8.0 percent. 

 
E. Chemical Admixtures: Use admixtures according to manufacturer's written instructions. 

 
F. Synthetic Fiber: If fiber is included in approved mix design, uniformly disperse in concrete 

mixture at manufacturer's recommended rate, but not less than 1.5 lb/cu. yd. 

 
G. Concrete Mixtures. 

1. Compressive Strength (28 Days): per mix design. 
2. Maximum W/C Ratio at Point of Placement: 0.45. 
3. Slump Limit: 3 inches, plus or minus 1 inch unless modified by approved admixture and 

approved by the Owner’s Representative. 
 

2.7 CONCRETE MIXING 

 
A. Ready-Mixed Concrete: Measure, batch, and mix concrete materials and concrete according to 

ASTM C 94/C 94M. Furnish batch certificates for each batch discharged and used in the Work. 

 
 

PART 3 - EXECUTION 

 
 

3.1 EXAMINATION 

 
A. Proof-roll prepared subbase surface below concrete paving to identify soft pockets and areas of 

excess yielding. 

 
 

3.2 PREPARATION 

 
A. Remove loose material from compacted subbase surface immediately before placing concrete. 
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3.3 EDGE FORMS AND SCREED CONSTRUCTION 

 
A. Set, brace, and secure edge forms, bulkheads, and intermediate screed guides to required 

lines, grades, and elevations. Install forms to allow continuous progress of work and so forms 
can remain in place at least 24 hours after concrete placement. 

 
B. Clean forms after each use and coat with form-release agent to ensure separation from 

concrete without damage. 

 
 

3.4 STEEL REINFORCEMENT INSTALLATION 

 
A. Place steel reinforcement in accordance with MDOT Section 802.03.C 

 

3.5 JOINTS 

 
A. General: Form construction, isolation, and contraction joints and tool edges true to line, with 

faces perpendicular to surface plane of concrete. Construct transverse joints at right angles to 
centerline unless otherwise indicated. 

 
B. Construction Joints: Set construction joints at side and end terminations of paving and at 

locations where paving operations are stopped for more than one-half hour unless paving 
terminates at isolation joints. 

 
C. Isolation Joints: Form isolation joints of preformed joint-filler strips abutting concrete curbs, 

catch basins, manholes, inlets, structures, other fixed objects, and where indicated on the plans 
or as directed by the Owner’s Representative. 

 
D. Contraction Joints: Form weakened-plane contraction joints, sectioning concrete into areas as 

indicated or in accordance with ACI procedures. Construct contraction joints for a depth equal to 
at least one-fourth of the concrete thickness. 

 
E. Edging: After initial floating, tool edges of paving, gutters, curbs, and joints in concrete with an 

edging tool to a 1/4-inch radius. Repeat tooling of edges after applying surface finishes. 
Eliminate edging-tool marks on concrete surfaces. 

 
 

3.6 CONCRETE PLACEMENT 

 
A. Moisten subbase to provide a uniform dampened condition at time concrete is placed. Do not 

place concrete around manholes or other structures until they are at required finish elevation 
and alignment. 

 
B. Comply with ACI 301 requirements for measuring, mixing, transporting, and placing concrete. 

 
C. Deposit and spread concrete in a continuous operation between transverse joints. Do not push 

or drag concrete into place or use vibrators to move concrete into place. 

 
D. Screed paving surface with a straightedge and strike off. 

 
E. Commence initial floating using bull floats or darbies to impart an open-textured and uniform 

surface plane before excess moisture or bleedwater appears on the surface. Do not further 
disturb concrete surfaces before beginning finishing operations or spreading surface treatments. 
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3.7 FLOAT FINISHING 

 
A. General: Do not add water to concrete surfaces during finishing operations. 

 
B. Float Finish: Begin the second floating operation when bleedwater sheen has disappeared and 

concrete surface has stiffened sufficiently to permit operations. Float surface with power-driven 
floats or by hand floating if area is small or inaccessible to power units. Finish surfaces to true 
planes. Cut down high spots and fill low spots. Refloat surface immediately to uniform granular 
texture. 
1. Medium-to-Fine-Textured Broom Finish: Draw a soft-bristle broom across float-finished 

concrete surface, perpendicular to line of traffic, to provide a uniform, fine-line texture. 

 
C. Slip-Resistive Aggregate Finish: Before final floating, spread slip-resistive aggregate finish on 

paving surface according to manufacturer's written instructions. 
1. Cure concrete with curing compound recommended by slip-resistive aggregate 

manufacturer. Apply curing compound immediately after final finishing. 
2. After curing, lightly work surface with a steel-wire brush or abrasive stone and water to 

expose nonslip aggregate. 

 
3.8 CONCRETE PROTECTION AND CURING 

 
A. General: Protect freshly placed concrete from premature drying and excessive cold or hot 

temperatures. 

 
B. Comply with ACI 306.1 for cold-weather protection. 

 
C. Evaporation Retarder: Apply evaporation retarder to concrete surfaces if hot, dry, or windy 

conditions cause moisture loss approaching 0.2 lb/sq. ft. x h before and during finishing 
operations. Apply according to manufacturer's written instructions after placing, screeding, and 
bull floating or darbying concrete but before float finishing. 

 
D. Begin curing after finishing concrete but not before free water has disappeared from concrete 

surface. 

 
E. Curing Methods: Cure concrete in accordance with MDOT Section 602.03.M. 

 
 

3.9 PAVING TOLERANCES 

 
A. Comply with tolerances in ACI 117 and as follows: 

1. Elevation: 3/4 inch. 
2. Thickness: Plus 3/8 inch, minus 1/4 inch. 
3. Surface: Gap below 10-feet-long; unleveled straightedge not to exceed 1/2 inch. 
4. Joint Spacing: 3 inches. 
5. Contraction Joint Depth: Plus 1/4 inch, no minus. 
6. Joint Width: Plus 1/8 inch, no minus. 

 
 

3.10 REPAIR AND PROTECTION 

 
A. Remove and replace concrete paving that is broken, damaged, or defective or that does not 

comply with requirements in this Section. Remove work in complete sections from joint to joint 
unless otherwise approved by Architect. 
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B. Protect concrete paving from damage. Exclude traffic from paving for at least 14 days after 
placement. When construction traffic is permitted, maintain paving as clean as possible by 
removing surface stains and spillage of materials as they occur. 

 
C. Maintain concrete paving free of stains, discoloration, dirt, and other foreign material. Sweep 

paving not more than two days before date scheduled for Substantial Completion inspections. 

 
D. When pouring against exciting pavement, prevent damage to the adjoining work. Any damage 

to adjacent work during concrete placement shall be repaired at the expense of the Contractor 
and to the Owner’s acceptance. 

 
 

3.11 WASHOUT 

 
A. Contractor shall excavate and protect a concrete washout pit as directed by the Owner or 

Owner’s Representative. Contractor shall be fully responsible for compliant clean-up and 
removal of the wash-out pit at the conclusion of the concrete work. Wash out pit excavation, 
clean-up, protection, backfill and compaction shall be compliant with Division 31 Section 
“Excavation and Fill” and shall be performed at no additional cost to the owner. 

 
B. No concrete shall be poured or washed out into storm or sanitary sewers, whether publicly or 

privately owned. 

 
 

3.12 BACKFILL 

 
A. After concrete gains the required strength, backfill, compact, and grade the remaining 

excavated areas. 

 
 

3.13 QUALITY CONTROL 

 
A. The Contractor shall supply and install concrete which meets or exceeds the requirements as 

described in this section. 

 
B. The Owner’s Representative may sample and test concrete during placement for conformance 

to the Contract Documents. The Contractor shall provide access to the work area and shall 
ensure that concrete sampling is facilitated as directed by the Owner’s Representative. 

 
C. Sampling and Testing Frequency shall be at the discretion of the Owner or Owner’s 

Representative. 

 
D. In the event that the Owner’s Representative determines that the concrete does not meet any 

one specification, the concrete may be rejected by the Owner’s Representative at no cost to the 
Owner. The Contractor shall be provided with all test results by the Owner’s Representative. 

 
E. Rejected loads shall not be placed on site; rejected concrete shall be removed from the site and 

disposed of at the Contractor’s expense. 

 
 

END OF SECTION 321313 
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SECTION 321723 - PAVEMENT MARKINGS 
 

PART 1 - GENERAL 
 

 
1.1  

 

A. 

SUMMARY 

 
Section includes permanent pavement markings applied to asphalt and concrete pavement. 

 
1.2 

 
 
 

A. 

 
ACTION SUBMITTALS 

 
Product Data: For each type of product. 

 

 
PART 2 - PRODUCTS 

 
 

2.1 PAVEMENT-MARKING PAINT 

 
A. Pavement-Marking Paint: MPI #32, alkyd traffic-marking paint. 

1. Color: Yellow– Standard Striping; Blue – ADA Striping. 

 
B. Pavement-Marking Paint: MPI #97, latex traffic-marking paint. 

1. Color: White– Standard Striping; Blue – ADA Striping. 

 
C. Glass Beads: AASHTO M 247, Type 1 made of 100 percent recycled glass. 

 
D. VOC Content: Pavement markings used on building interior shall have a VOC content of       

150 g/L or less. 

 
 

PART 3 - EXECUTION 

 
 

3.1 PAVEMENT MARKING 

 
A. Do not apply pavement-marking paint until layout, colors, and placement have been verified 

with Owner’s Representative. 

 
B. Allow paving to age for a minimum of 1 day before starting pavement marking. 

 
C. Sweep and clean surface to eliminate loose material and dust. 

 
D. Apply paint with mechanical equipment to produce pavement markings, of dimensions 

indicated, with uniform, straight edges. Apply at manufacturer's recommended rates to provide 
a minimum wet film thickness of 15 mils. 
1. Apply graphic symbols and lettering with paint-resistant, die-cut stencils. Apply paint so 

that it cannot run beneath the stencil. 
2. Broadcast glass beads uniformly into wet markings at a rate of 6 lb/gal. 

 

 
END OF SECTION 321723 
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SECTION 334200 - STORMWATER CONVEYANCE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Ductile-iron culvert pipe and fittings. 
2. PE pipe and fittings. 
3. PVC pipe and fittings. 
4. Concrete pipe and fittings. 
5. Non-pressure transition couplings. 
6. Expansion joints. 
7. Cleanouts. 
8. Encasement for piping. 
9. Manholes. 
10. Polymer-concrete, channel drainage systems. 
11. Catch basins. 
12. Stormwater inlets. 
13. Stormwater detention structures. 
14. Pipe outlets. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 
1. Manholes: Include plans, elevations, sections, details, frames, and covers. 
2.  Catch basins and stormwater inlets. Include plans, elevations, sections, details, frames, 

covers, and grates. 

1.3 INFORMATIONAL SUBMITTALS 

1.4 QUALITY ASSURANCE 

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

PART 2 - PRODUCTS 

2.1 CORRUGATED-PE PIPE AND FITTINGS 

A. Corrugated-PE Drainage Pipe and Fittings NPS 3 to NPS 10: AASHTO M 252, Type S, with 
smooth waterway for coupling joints. 

B. Corrugated-PE Pipe and Fittings NPS 12 to NPS 60: AASHTO M 294, Type S, with smooth 
waterway for coupling joints. 
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C. Corrugated-PE Silttight Couplings: PE sleeve with ASTM D1056, Type 2, Class A, Grade 2 
gasket material that mates with pipe and fittings. 

D. Corrugated-PE Soiltight Couplings: AASHTO M 294, corrugated, matching pipe and fittings. 

2.2 PVC PIPE AND FITTINGS 

A. NSF Marking: Comply with NSF 14, "Plastics Piping Systems Components and Related 
Materials," for plastic piping components. Include marking with "NSF-drain" for plastic storm drain 
and "NSF-sewer" for plastic storm sewer piping. 

B. PVC Corrugated Sewer Piping: 
1. Pipe: ASTM F949, PVC, corrugated pipe with bell-and-spigot ends for gasketed joints. 
2. Fittings: ASTM F949, PVC molded or fabricated, socket type. 
3. Gaskets: ASTM F477, elastomeric seals. 

C. Adhesive Primer: ASTM F656. 

2.3 CONCRETE PIPE AND FITTINGS 

A. Reinforced-Concrete Sewer Pipe and Fittings: ASTM C76. 
1.  Bell-and-spigot or tongue-and-groove ends and sealant joints with ASTM C990 

(ASTM C990M), bitumen or butyl-rubber sealant. 
2. Class I, Wall A and B as specified on plans. 
3. Class II, Wall A and C as specified on plans. 
4. Class III, Wall A, B and C as specified on plans. 
5. Class IV, Wall A, B and C as specified on plans. 
6. Class V, Wall B and C as specified on plans. 

2.4 NONPRESSURE TRANSITION COUPLINGS 

A. Comply with ASTM C1173, elastomeric, sleeve-type, reducing or transition coupling, for joining 
underground nonpressure piping. Include ends of same sizes as piping to be joined, and 
corrosion-resistant-metal tension band and tightening mechanism on each end. 

B. Sleeve Materials: 
1. For Concrete Pipes: ASTM C443, rubber. 
2. For Cast-Iron Soil Pipes: ASTM C564, rubber. 
3. For Fiberglass Pipes: ASTM F477, elastomeric seal or ASTM D5926, PVC. 
4. For Plastic Pipes: ASTM F477, elastomeric seal or ASTM D5926, PVC. 
5. For Dissimilar Pipes: ASTM D5926, PVC or other material compatible with pipe materials 

being joined. 

C. Unshielded, Flexible Couplings: 
1. Description: Elastomeric sleeve with stainless-steel shear ring and corrosion-resistant-

metal tension band and tightening mechanism on each end. 

D. Shielded, Flexible Couplings: 
1. Description: ASTM C1460, elastomeric or rubber sleeve with full-length, corrosion-

resistant outer shield and corrosion-resistant-metal tension band and tightening 
mechanism on each end. 
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E. Ring-Type, Flexible Couplings: 
1. Description: Elastomeric compression seal with dimensions to fit inside bell of larger pipe 

and for spigot of smaller pipe to fit inside ring. 

2.5 CLEANOUTS 

A. Cast-Iron Cleanouts: 
1. Description: ASME A112.36.2M, round, gray-iron housing with clamping device and round, 

secured, scoriated, gray-iron cover. Include gray-iron ferrule with inside caulk or spigot 
connection and countersunk, tapered-thread, brass closure plug. 

2. Top-Loading Classification(s): Light Duty Medium Duty Heavy Duty and Extra-Heavy Duty. 
3. Sewer Pipe Fitting and Riser to Cleanout: ASTM A74, Service class, cast-iron soil pipe and 

fittings. 

B. PVC Cleanouts: 
1. Description: PVC body with PVC threaded plug. Include PVC sewer pipe fitting and riser 

to cleanout of same material as sewer piping. 

2.6 MANHOLES 

A. Standard Precast Concrete Manholes: 
1. Description: ASTM C478 (ASTM C478M), precast, reinforced concrete, of depth indicated, 

with provision for sealant joints. 
2. Diameter: 48 inches minimum unless otherwise indicated. 
3. Ballast: Increase thickness of precast concrete sections or add concrete to base section 

as required to prevent flotation. 
4. Base Section: 6-inch minimum thickness for floor slab and 4-inch minimum thickness for 

walls and base riser section, and separate base slab or base section with integral floor. 
5. Riser Sections: 4-inch minimum thickness, and lengths to provide depth indicated. 
6. Top Section: Eccentric-cone type unless concentric-cone or flat-slab-top type is indicated, 

and top of cone of size that matches grade rings. 
7. Joint Sealant: ASTM C990, bitumen or butyl rubber. 
8. Resilient Pipe Connectors: ASTM C923, cast or fitted into manhole walls, for each pipe 

connection. 
9. Steps: ASTM A615/A615M, deformed, 1/2-inch steel reinforcing rods encased in 

ASTM D4101, PP , wide enough to allow worker to place both feet on one step and 
designed to prevent lateral slippage off step. Cast or anchor steps into sidewalls at 12- to 
16-inch intervals. Omit steps if total depth from floor of manhole to finished grade is less 
than 60 inches.  

10. Adjusting Rings: Interlocking HDPE rings with level or sloped edge in thickness and 
diameter matching manhole frame and cover, and of height required to adjust manhole 
frame and cover to indicated elevation and slope. Include sealant recommended by ring 
manufacturer. 

11. Grade Rings: Reinforced-concrete rings, 6- to 9-inch total thickness, to match diameter of 
manhole frame and cover, and height as required to adjust manhole frame and cover to 
indicated elevation and slope. 

2.7 CONCRETE 

A. General: Cast-in-place concrete in accordance with ACI, ACI 350, and the following: 
1. Cement: ASTM C150/C150M, Type II. 
2. Fine Aggregate: ASTM C33/C33M, sand. 
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3. Coarse Aggregate: ASTM C33/C33M, crushed gravel. 
4. Water: Potable. 

B. Portland Cement Design Mix: 4000 psi minimum, with 0.45 maximum water/cementitious 
materials ratio. 
1. Reinforcing Fabric: ASTM A1064/A1064M, steel, welded wire fabric, plain. 
2. Reinforcing Bars: ASTM A615/A615M, Grade 60 (420 MPa) deformed steel. 

C. Manhole Channels and Benches: Factory or field formed from concrete. Portland cement design 
mix, 4000 psi minimum, with 0.45 maximum water/cementitious materials ratio. Include channels 
and benches in manholes. 
1. Channels: Concrete invert, formed to same width as connected piping, with height of 

vertical sides to three-fourths of pipe diameter. Form curved channels with smooth, uniform 
radius and slope. 
a. Invert Slope: 1 percent through manhole. 

2. Benches: Concrete, sloped to drain into channel. 
a. Slope: 4 percent. 

D. Ballast and Pipe Supports: Portland cement design mix, 3000 psi minimum, with 0.58 maximum 
water/cementitious materials ratio. 
1. Reinforcing Fabric: ASTM A1064/A1064M, steel, welded wire fabric, plain. 
2. Reinforcing Bars: ASTM A615/A615M, Grade 60 (420 MPa) deformed steel. 

2.8 CATCH BASINS 

A. Standard Precast Concrete Catch Basins: 
1. Description: ASTM C478, precast, reinforced concrete, of depth indicated, with provision 

for sealant joints. 
2. Base Section: 6-inch minimum thickness for floor slab and 4-inch minimum thickness for 

walls and base riser section, and separate base slab or base section with integral floor. 
3. Riser Sections: 4-inch minimum thickness, 48-inch diameter, and lengths to provide depth 

indicated. 
4. Top Section: Eccentric-cone type unless concentric-cone or flat-slab-top type is indicated. 

Top of cone of size that matches grade rings. 
5. Joint Sealant: ASTM C990, bitumen or butyl rubber. 
6. Adjusting Rings: Interlocking rings with level or sloped edge in thickness and shape 

matching catch basin frame and grate. Include sealant recommended by ring 
manufacturer. 

7. Grade Rings: Include two or three reinforced-concrete rings, of 6- to 9-inch total thickness, 
that match 24-inch- diameter frame and grate. 

8. Steps: ASTM A615/A615M, deformed, 1/2-inch steel reinforcing rods encased in 
ASTM D4101, PP, wide enough to allow worker to place both feet on one step and 
designed to prevent lateral slippage off step. Cast or anchor steps into sidewalls at 12- to 
16-inch intervals. Omit steps if total depth from floor of catch basin to finished grade is less 
than 60 inches.  

9. Pipe Connectors: ASTM C923, resilient, of size required, for each pipe connecting to base 
section. 

B. Frames and Grates: ASTM A536, Grade 60-40-18, ductile iron designed for A-16 
(AASHTO HS20-44), structural loading. Include 24-inch ID by 7- to 9-inch riser with 4-inch- 
minimum width flange, and 26-inch- diameter flat grate with small square or short-slotted drainage 
openings. 
1. Grate Free Area: Approximately 50 percent unless otherwise indicated. 
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2.9 STORMWATER INLETS 

A. Curb Inlets: Made with vertical curb opening, of materials and dimensions in accordance with 
utility standards. 

B. Gutter Inlets: Made with horizontal gutter opening, of materials and dimensions in accordance 
with utility standards. Include heavy-duty frames and grates. 

C. Combination Inlets: Made with vertical curb and horizontal gutter openings, of materials and 
dimensions in accordance with utility standards. Include heavy-duty frames and grates. 

D. Frames and Grates: Heavy duty, in accordance with utility standards. 

2.10 PIPE OUTLETS 

A. Head Walls: Cast-in-place reinforced concrete, with apron and tapered sides. 

B. Riprap Basins: Broken, irregularly sized and shaped, graded stone in accordance with NSSGA's 
"Quarried Stone for Erosion and Sediment Control." 
1. Average Size: NSSGA No. R-5, screen opening 5 inches. 

C. Filter Stone: In accordance with NSSGA's "Quarried Stone for Erosion and Sediment Control," 
No. FS-2, No. 4 screen opening, average-size graded stone. 

D. Energy Dissipaters: In accordance with NSSGA's "Quarried Stone for Erosion and Sediment 
Control," No. A-1, 3-ton average weight armor stone, unless otherwise indicated. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Excavation, trenching, and backfilling are specified in Section 312333 " Trenching and 
Backfilling." 

3.2 PIPING INSTALLATION 

A. General Locations and Arrangements: Drawing plans and details indicate general location and 
arrangement of underground storm drainage piping. Location and arrangement of piping layout 
take into account design considerations. Install piping as indicated, to extent practical. Where 
specific installation is not indicated, follow piping manufacturer's written instructions. 

B. Install piping beginning at low point, true to grades and alignment indicated with unbroken 
continuity of invert. Place bell ends of piping facing upstream. Install gaskets, seals, sleeves, and 
couplings in accordance with manufacturer's written instructions for use of lubricants, cements, 
and other installation requirements. 

C. Install manholes for changes in direction unless fittings are indicated. Use fittings for branch 
connections unless direct tap into existing sewer is indicated. 

D. Install proper size increasers, reducers, and couplings where different sizes or materials of pipes 
and fittings are connected. Reducing size of piping in direction of flow is prohibited. 
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E. When installing pipe under streets or other obstructions that cannot be disturbed, use pipe-jacking 
process of microtunneling. 

F. Install gravity-flow, nonpressure drainage piping in accordance with the following: 
1. Install piping pitched down in direction of flow. 
2. Install piping with 36- inch- minimum cover unless otherwise specified on plans. 
3. Install hub-and-spigot, cast-iron soil piping in accordance with CISPI's "Cast Iron Soil Pipe 

and Fittings Handbook." 
4. Install hubless cast-iron soil piping in accordance with CISPI 310 and CISPI's "Cast Iron 

Soil Pipe and Fittings Handbook." 
5. Install ductile-iron piping and special fittings in accordance with AWWA C600 or 

AWWA M41. 
6. Install PE corrugated sewer piping in accordance with ASTM D2321. 
7. Install PVC sewer piping in accordance with ASTM D2321 and ASTM F1668. 
8. Install reinforced-concrete sewer piping in accordance with ASTM C1479 and ACPA's 

"Concrete Pipe Installation Manual." 

3.3 PIPE JOINT CONSTRUCTION 

A. Join gravity-flow, nonpressure drainage piping in accordance with the following: 
1. Join hub-and-spigot, cast-iron soil piping with gasketed joints in accordance with CISPI's 

"Cast Iron Soil Pipe and Fittings Handbook" for compression joints. 
2. Join hub-and-spigot, cast-iron soil piping with caulked joints in accordance with CISPI's 

"Cast Iron Soil Pipe and Fittings Handbook" for lead and oakum caulked joints. 
3. Join hubless cast-iron soil piping in accordance with CISPI 310 and CISPI's "Cast Iron Soil 

Pipe and Fittings Handbook" for hubless-coupling joints. 
4. Join ductile-iron culvert piping in accordance with AWWA C600 for push-on joints. 
5. Join ductile-iron piping and special fittings in accordance with AWWA C600 or AWWA M41. 
6. Join corrugated-PE piping in accordance with ASTM D3212 for push-on joints. 
7. Join PVC corrugated sewer piping in accordance with ASTM D2321 for elastomeric-seal 

joints. 
8. Join reinforced-concrete sewer piping in accordance with ACPA's "Concrete Pipe 

Installation Manual" for rubber-gasketed joints. 
9. Join dissimilar pipe materials with nonpressure-type flexible couplings. 

B. Join force-main pressure piping in accordance with the following: 
1. Join PVC pressure piping in accordance with AWWA M23 for gasketed joints. 
2. Join dissimilar pipe materials with pressure-type couplings. 

3.4 CLEANOUT INSTALLATION 

A. Install cleanouts and riser extensions from sewer pipes to cleanouts at grade. Use cast-iron soil 
pipe fittings in sewer pipes at branches for cleanouts and cast-iron soil pipe for riser extensions 
to cleanouts. Install piping so cleanouts open in direction of flow in sewer pipe. 
1. Use Light-Duty, top-loading classification cleanouts in earth or unpaved foot-traffic areas. 
2. Use Medium-Duty, top-loading classification cleanouts in paved foot-traffic areas. 
3. Use Heavy-Duty, top-loading classification cleanouts in vehicle-traffic service areas. 
4. Use Extra-Heavy-Duty, top-loading classification cleanouts in. 

B. Set cleanout frames and covers in earth in cast-in-place concrete block, 18 by 18 by 12 inches 
deep. Set with tops 1 inch above surrounding earth grade. 
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C. Set cleanout frames and covers in concrete pavement and roads with tops flush with pavement 
surface. 

3.5 MANHOLE INSTALLATION 

A. General: Install manholes, complete with appurtenances and accessories indicated. 

B. Install precast concrete manhole sections with sealants in accordance with ASTM C891. 

C. Where specific manhole construction is not indicated, follow manhole manufacturer's written 
instructions. 

D. Set tops of frames and covers flush with finished surface of manholes that occur in pavements. 
Set tops 3 inches above finished surface elsewhere unless otherwise indicated. 

3.6 CATCH BASIN INSTALLATION 

A. Construct catch basins to sizes and shapes indicated. 

B. Set frames and grates to elevations indicated. 

3.7 STORMWATER INLET AND OUTLET INSTALLATION 

A. Construct inlet head walls, aprons, and sides of reinforced concrete, as indicated. 

B. Construct riprap of broken stone, as indicated. 

C. Install outlets that spill onto grade, anchored with concrete, where indicated. 

D. Install outlets that spill onto grade, with flared end sections that match pipe, where indicated. 

E. Construct energy dissipaters at outlets, as indicated. 

3.8 CONCRETE PLACEMENT 

A. Place cast-in-place concrete in accordance with ACI 318. 

3.9 CHANNEL DRAINAGE SYSTEM INSTALLATION 

A. Install with top surfaces of components, except piping, flush with finished surface. 

B. Assemble channel sections to form slope down toward drain outlets. Use sealants, adhesives, 
fasteners, and other materials recommended by system manufacturer. 

C. Embed channel sections and drainage specialties in 4-inch- minimum concrete around bottom 
and sides. 

D. Fasten grates to channel sections if indicated. 

E. Assemble channel sections with flanged or interlocking joints. 
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F. Embed channel sections in 4- inch- minimum concrete around bottom and sides. 

3.10 CONNECTIONS 

A. Make connections to existing piping and underground manholes. 
1. Use commercially manufactured wye fittings for piping branch connections. Remove 

section of existing pipe; install wye fitting into existing piping; and encase entire wye fitting, 
plus 6-inch overlap, with not less than 6 inches of concrete with 28-day compressive 
strength of 3000 psi. 

2. Make branch connections from side into existing piping, NPS 4 to NPS 20. Remove section 
of existing pipe, install wye fitting into existing piping, and encase entire wye with not less 
than 6 inches of concrete with 28-day compressive strength of 3000 psi. 

3. Make branch connections from side into existing piping, NPS 21 or larger, or to 
underground manholes and structures by cutting into existing unit and creating an opening 
large enough to allow 3 inches of concrete to be packed around entering connection. Cut 
end of connection pipe passing through pipe or structure wall to conform to shape of and 
be flush with inside wall unless otherwise indicated. On outside of pipe, manhole, or 
structure wall, encase entering connection in 6 inches of concrete for minimum length of 
12 inches to provide additional support of collar from connection to undisturbed ground. 
a. Use concrete that will attain a minimum 28-day compressive strength of 3000 psi 

unless otherwise indicated. 
b. Use epoxy-bonding compound as interface between new and existing concrete and 

piping materials. 
4. Protect existing piping, manholes, and structures to prevent concrete or debris from 

entering while making tap connections. Remove debris or other extraneous material that 
may accumulate. 

B. Pipe couplings, expansion joints, and deflection fittings with pressure ratings at least equal to 
piping rating may be used in applications below unless otherwise indicated. 
1. Use nonpressure-type flexible couplings where required to join gravity-flow, nonpressure 

sewer piping unless otherwise indicated. 
a.  UnshieldedorShielded flexible couplings for same or minor difference OD pipes. 
b. Unshielded, increaser/reducer-pattern, flexible couplings for pipes with different OD. 
c. Ring-type flexible couplings for piping of different sizes where annular space 

between smaller piping's OD and larger piping's ID permits installation. 

3.11 CLOSING ABANDONED STORM DRAINAGE SYSTEMS 

A. Abandoned Piping: Close open ends of abandoned underground piping indicated to remain in 
place. Include closures strong enough to withstand hydrostatic and earth pressures that may 
result after ends of abandoned piping have been closed. Use either procedure below: 
1. Close open ends of piping with at least 8- inch- thick, brick masonry bulkheads. 
2. Close open ends of piping with threaded metal caps, plastic plugs, or other acceptable 

methods suitable for size and type of material being closed. Do not use wood plugs. 

B. Abandoned Manholes and Structures: Excavate around manholes and structures as required and 
use one procedure below: 
1. Remove manhole or structure and close open ends of remaining piping. 
2. Remove top of manhole or structure down to at least 36 inches below final grade. Fill to 

within 12 inches of top with stone, rubble, gravel, or compacted dirt. Fill to top with concrete. 

C. Backfill to grade in accordance with Section 31 23 33 "Trenching and Backfilling." 
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3.12 IDENTIFICATION 

A.  Arrange for installation of green warning tape directly over piping and at outside edge of 
underground structures. 
1. Use detectable warning tape over ferrous piping. 
2. Use detectable warning tape over nonferrous piping and over edges of underground 

structures. 

END OF SECTION 334200 
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NORTHWOOD UNIVERSITY 
 

SPECIAL PROVISION 
FOR 

LANDSCAPE PLANTINGS 
 
OHM:VVW 1 of 4 10/18/23 
 

a. Description.  This work consists of furnishing and planting various landscape plantings, 
as called for in the contract in accordance with the requirements of Section 815 of the 
2020 MDOT Standard Specifications for Construction, except as modified herein and as 
detailed on the plans.  
 

Plants description:  
American Hornbeam and Skyline Honeylocust classified as Trees. 
River Birch, Witchhazel, and Doublefile Virburnum classified as Ornamental Trees. 
Eastern White Pine and Eastern Hemlock classified as Evergreen Trees. 
Winter Gem Boxwood, Blue Holly, and Blue Arrow Juniper classified as Evergreen Shrubs 
Ornamental Onion, Lady Fern, Meadow Sage, and Pincushion Flower classified as 
perennials.   

 
b. Materials.  Use materials meeting the following criteria: 

 
1. The Contractor is responsible for all certificates of inspection of plant materials 
required by federal, state, or other authorities. 

 
2. Ensure plants have a normal, well developed branch structure and vigorous, fibrous 
root systems and conform to the specifications of the American Standard for Nursery 
Stock sponsored by the American Association of Nurseryman, Inc. 

 
3. Ensure plants have a normal habit of growth and are typical of their species. 

 
4. Ensure plants are healthy, vigorous and free from defects, decay, disfigured roots, 
sun-scald, injuries, abrasions of the bark, plant disease, insects, and eggs. 

 
5. Ensure plants are nursery grown and have a well-developed root system. 

 
6. The Engineer reserves the right to inspect and make final selection of plant material 
at the source prior to digging and shipment. 
 
7. Aluminum Planting Bed Edging. Edging shall have an average wall thickness of 1/8 of 
an inch.  The edging shall be secured in the ground with stakes every five feet. 

 
8. Soil mixture must be mixed on site per each plant’s respective detail, or the planting 
mix may be mixed at the supplier and certified.  Certification must be submitted to the 
Engineer.  All materials must be as specified and detailed in the Landscape Plans, 
except that the planting mix must consist of three parts imported well-drained, screened 
organic topsoil, to one part imported clean sand meeting 2NS gradation, to one-part 
natural compost (weed-free) or peat moss. 
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Provide compost, peat moss and topsoil in accordance with section 917 of the Standard 
Specifications for Construction.  Sand must be clean and free of rocks, clods, sticks, and 
other such debris. 

 
Soil Analysis:  furnish soil analysis and a written report by a qualified soil-testing laboratory 
stating percentages of organic matter; gradation of sand, silt, and clay content; cation 
exchange capacity; sodium absorption ratio; deleterious material; pH; and mineral and plant-
nutrient content of the soil. 
 
 
1) Testing methods and written recommendations shall comply with USDA's Handbook No. 

60. 
2) The soil-testing laboratory shall oversee soil sampling, with depth, location, and number 

of samples to be taken per instructions from Landscape Architect.  A minimum of three 
representative samples shall be taken from varied locations for each soil to be used or 
amended for planting purposes. 

3) Report suitability of tested soil for plant growth. 
a) Based on the test results, state recommendations for soil treatments and soil 

amendments to be incorporated.  State recommendations in weight per 1000 sq. ft. 
or volume per cu. yd. for nitrogen, phosphorus, and potash nutrients and soil 
amendments to be added to produce satisfactory planting soil suitable for healthy, 
viable plants. 

b) Report presence of problem salts, minerals, or heavy metals, including aluminum, 
arsenic, barium, cadmium, chromium, cobalt, lead, lithium, and vanadium.  If such 
problem materials are present, provide additional recommendations for corrective 
action. 

 
Any soil amendments shall be reviewed and approved by the engineer prior to their use. 
 

Nursery Stock: 
 

1) Nursery stock must come from nurseries located in Zone 4 or Zone 5 of the USDA 
Hardiness Zone Map for landscaping in the Lower Peninsula. 

2) Nursery stock much meet the requirements of ANSI Z 60.1 except the ball sizes must be 
as shown on the plans. 

3) Ensure nursery stock is true to the type and names specified by the American Joint 
Committee on Horticultural Nomenclature, “Standardized Plant Names,” Label a sample 
of each plant type with the size, species, and variety. Include the common and scientific 
names on the label.  

4) Notify the Contractor at least 24 hours before stock delivery. Provide an invoice showing 
plant sizes, species, and varieties for each shipment. The Contractor will not accept 
plants until the stock is delivered and inspected at the project.   

5) The Contractor may examine plants at the nursery by removing soil from the root 
systems of balled or container grown plants or digging in the nursery row. The 
Contractor may inspect plant root systems for each species and plant source to 
determine the condition of plant root systems.  

6) Deciduous Shade Trees. Deciduous shade trees must be straight and symmetrical with 
a persistent main leader. The crown must be in proportion to the total height of the tree. 
Where clumps are required, they must have at least two stems originating from a 
common base a the groundline.  
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7) Small Trees, Ornamentals, and Shrubs. Small trees, ornamentals, and shrubs must be 
well-formed with a crown typical of the species or variety. The Engineer will not allow 
heading-back plants to meet the sizes shown on the plans. 

8) Evergreen Trees. Evergreen trees must be typical of the species and not sheared or 
color treated. Do not use evergreen trees frown for Christmas trees. The Engineer may 
require anti-transpirent protection for evergreen trees.  

 
  

c. Construction. 
 

1. Root Protection.  Plants will be always handled in accordance with the best of 
horticultural practices so that roots or balls are adequately protected from the sun and 
drying winds.  No plant will be bound with rope or wire in a manner that would damage 
the bark, break the branches, or destroy its natural shape. 

 
2. Protection During Delivery.  Ensure all plant material is delivered in closed vehicles 
or in open vehicles with the entire load properly covered while in transit for protection 
from drying winds.  All plant materials being delivered while in leaf must be sprayed on 
the underside of the leaves with water immediately prior to leaving the holding area for 
the job site. 

 
3. Protection After Delivery.  Ensure all plant material is protected from adverse 
elements and kept constantly moist until planted.  Protect branches and roots of all 
plants from injury of any kind during all operations of digging, loading and transport. 

 
4. Planting Procedures.  The planting hole must be excavated for the placement of 
each containerized plant.  The planter is to be excavated to a full depth of 6 inches 
below bottom of root ball and filled with soil mix.  See planting detail.  All plant material 
must be set in the hole per its respective detail.  Prepared soil mix must be added 
around the root system so that the hole is 1/2 filled with soil.  Ensure the soil mix is 
compacted by adding water to the point of 100 percent saturation.  Fill the remainder of 
the hole with soil mix.  The soil mix must be settled with water and the holes created will 
be filled with additional soil mix.  This process will continue until no soil settles when 
water is added. 

 
5. Pruning.  Pruning will only be done by the Contractor at the direction of the Engineer.  
Only broken or disfigured branches should be removed. 

 
6. Topsoil.  Cover planting beds with 6” screened topsoil as described in the planting 
details. 

 
7. Bark Mulch.  Cover entire plant hole area with 3 inches of shredded bark mulch. 

 
8. Fertilization.  Fertilization is required of each plant at the time of planting.  Osmacote 
(18-5-11) or an approved equal must be mixed with the planting soil according to 
manufacturer’s specifications. 

 
9. Underground Utilities.  The Contractor is responsible for seeking Miss Dig (800-482-
7171), underground utility marking and any damage caused to utilities by the planting or 
maintenance process. 
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10. Plant Installation.  See Standard Plans Detail. 
 

11. Pest Control.  Ensure the Contractor continuously checks the plants to determine 
any disease or insect infestations.  Control product approval must be obtained from the 
Engineer before any pest control is performed. 

 
12. Inspection.  Conduct an inspection of each plant during the first week of May, June, 
July, August, and September of the contract period.  Plant conditions and plant 
maintenance activity needed, will be recorded and a written report submitted to the 
Engineer.  Any required activity must be performed by the Contractor within 5 working 
days after notification by the Engineer. 

 
13. Existing Conditions.  Ensure the Contractor protects all lawns and existing structures 
during this planting operation.  Any damage to lawns or existing structures resulting from 
the Contractor’s operations will be repaired or replaced by the Contractor. 

 
14. Inspection and Replacement.  Notify the Engineer when all work is complete, and the 
Engineer will inspect the work.  The Contractor must remove all plants that are 
unacceptable in the opinion of the Engineer within 15 days of notification.  Replacement 
plants, planting operations, and plant maintenance will be in accordance with the original 
contract specifications for all replacement plants.  Replacement plants must be planted 
at the direction of the Engineer. 
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SPECIAL PROVISION 
FOR 

SHREDDED HARDWOOD BARK AND STONE MULCH, 3” DEPTH  
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a. Description.  This work consists of providing all labor materials and equipment to 
furnish and place double shredded bark at the depths specified below in the locations shown on 
the plans or as directed by the Engineer. 
 

b. Materials.  Shredded bark mulch as specified in subsection 917.14.A of the Standard 
Specifications for Construction.  No woodchips will be permitted. Stone mulch shall be 1”-3” in 
diameter, rounded and with natural grays and tan colors. No limestone aggregate or angular 
edges will be accepted. Weed barrier fabric to be placed within stone mulch bed. Fabric to be 
approved by engineer prior to placement.  

 
c. Construction.  Place mulch in the locations indicated on the plans, rake out the material 

to provide a consistent 3” depth over the area to be covered.  Fill in all areas where existing 
earth remains exposed.  Fine grade the material to provide an even surface over the 
landscaped area.  Do not place shredded bark mulch in direct contact with existing or proposed 
tree trunks.  
 





NORTHWOOD UNIVERSITY 
 

SPECIAL PROVISION 
FOR 

TREE GRATE 
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a. Description.  This work consists of furnishing and installing tree grates as detailed on the 
plans, in accordance with the Standard Specifications for Construction, this special provision, 
and as directed by the Engineer.  

 
Work must be performed by experienced personnel with satisfactory record of performance 
on completed projects of comparable size and quality.  Substitution of equal quality and 
character will be considered if supplied to the engineer for review two (2) weeks prior 
to the bid due date. All work will be controlled by shop drawing review and design. 

 
b. Materials. Submit shop drawings for tree grates.  

 
1. Tree Grate and Grate Frame. Manufacturer: EJ, Michigan, (800) 626-4653. Include all 

pieces necessary for the installation of 48” x 48” square tree grate with an adjustable tree 
and light ports opening Model # 8854 8852, gray iron with removeable center and 
underside bolting. 

 
c. Construction Methods.  Coordinate installation procedures with sleeves, underground 

utilities, concrete paving, and other work affected by the tree grate installation. 
 

1. Examine all work in place before installation of items. 
 

2. Install tree grate in accordance with the contract and the manufacturer’s instructions. 
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SPECIAL PROVISION 
FOR 

WATERING AND CULTIVATION, MODIFIED FOR TREES AND PLANTING BEDS 
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a. Description.  This work consists of performing landscaping maintenance, in accordance 
with Section 815 of the 2020 MDOT Standard Specifications for Construction, this special 
provision, and as directed by the Engineer. 

 
b. Materials.  n/a 

 
c. Construction.   
During each watering and cultivation, remove grass and weeds within the mulched 
landscaping areas, remove insect infestations or disease damage to the plants, prune dead 
wood, and deflower heads as appropriate.  
 
Do not apply fertilizers accept at the direction of the engineer 
 
At the first visit of each season, cut grasses to a height of 6 inches and remove all dead 
material from the bed.  At the last watering of the second growing season, remove and 
dispose of the guying material, wrapping material, identification tags, and inspection tags.  
At the final watering, replenish the mulch around the plants to a depth of 3 inches. 
 
Quantity of Water.  Use the following volumes of water for the specified plants:  
a. For plugs or pots, 3 gallons per watering,  
b. For intermediate plants and evergreen trees, 20 gallons, and  
c. For shrubs, 5 gallons.  
 
Watering and Cultivating Periods.  Water and cultivate during each of the following periods:  
a. From April 15th to May 1st – Cultivate only – removed dead plant material and prepare 

the bed for the seasons growth 
b. From June 1 to June 15,  
c. From June 23 to July 7,  
d. From July 15 to July 29,  
e. From August 4 to August 18, and  
f. From September 5 to September 19. 

 
Watering and Cultivating.  
 
1) First Season.  The Department will pay 16.67 percent of the lump sum price for Watering 

and Cultivating, First Season, Min. (dollar) at the completion of each of the six watering 
and cultivating operations. Payments for Watering and Cultivating, First Season, Min. 
(dollar) includes the cost of the following: 
a) Six watering and cultivating operations,  
b) Providing water as required  
c) Removal and disposal of unacceptable plants.  
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2) Second Season.  The Department will pay for Watering and Cultivating, Second Season, 
Min. (dollar) as a lump sum at the completion of the second growing season.  The unit 
price of Watering and Cultivating, Second Season, Min. (dollar) includes the cost of the 
following:  
a) Six watering and cultivating operations,  
b) Providing water as required 
c) Removal and disposal of unacceptable plants 
d) Removal of guying material identified by the Engineer at the end of the second 

growing season. 
3) Supplemental Watering.  The Department will pay for supplemental watering, in addition 

to the 12 water and cultivating operations required, at 16.67 percent of the associated 
lump sum contract unit price.  The Department will reduce the relevant lump sum 
contract unit price by 16.67 percent for each deleted watering. 
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