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SECTION 22 05 53

IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT
PART 1 GENERAL
1.01 SECTION INCLUDES
A. Nameplates.
B. Tags.
C. Pipe Markers.
1.02 REFERENCE STANDARDS

A. ASME A13.1 - Scheme for the Identification of Piping Systems; The American Society of
Mechanical Engineers; 2007.

B. ASTM D709 - Standard Specification for Laminated Thermosetting Materials; 2001
(Reapproved 2007).

1.03 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. List: Submit list of wording, symbols, letter size, and color coding for mechanical
identification.

C. Chartand Shedule: Submit valve chart and schedule, including valve tag number, location,

function, and valve manufacturer's name and model number.
D. Product Data: Provide manufacturers catalog literature for each product required.
E. Manufacturer's Installation Instructions: Indicate special procedures, and installation.
F. Project Record Documents: Record actual locations of tagged valves.
PART 2 PRODUCTS
2.01 IDENTIFICATION APPLICATIONS
A. Piping: Tags.
B. Pumps: Nameplates.
C. Tanks: Nameplates.
2.02 NAMEPLATES

A. Manufacturers:
1. Kolbi Pipe Marker Co.: www.kolbipipemarkers.com.
2. Seton ldentification Products: www.seton.com.
3. Substitutions: See Section 01 60 00 - Product Requirements.

B. Description: Laminated three-layer plastic with engraved letters.
1. Letter Color: White.
2. Letter Height: 1/4 inch (6 mm).
3. Background Color: Black.
4. Plastic: Conform to ASTM D7009.

2.03 TAGS
IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT
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A.

C.

Manufacturers:

1. Advanced Graphic Engraving: www.advancedgraphicengraving.com.
2. Brady Corporation: www.bradycorp.com.

3. Kolbi Pipe Marker Co.: www.kolbipipemarkers.com.

4. Seton Identification Products: www.seton.com.

5. Substitutions: See Section 01 60 00 - Product Requirements.

Plastic Tags: Laminated three-layer plastic with engraved black letters on light contrasting
background color. Tag size minimum 1-1/2 inch (40 mm) diameter.

Metal Tags: Brass with stamped letters; tag size minimum 1-1/2 inch (40 mm) diameter with
smooth edges.

2.04 PIPE MARKERS

A

Manufacturers:

Brady Corporation: www.bradycorp.com.

Kolbi Pipe Marker Co.: www.kolbipipemarkers.com.
MIFAB, Inc.: www.mifab.com.

Seton Identification Products: www.seton.com.
Substitutions: See Section 01 60 00 - Product Requirements.

Comply with ASME A13.1.

Plastic Pipe Markers: Factory fabricated, flexible, semi- rigid plastic, preformed to fit around
pipe or pipe covering; minimum information indicating flow direction arrow and identification
of fluid being conveyed.

agrwbdE

Plastic Tape Pipe Markers: Flexible, vinyl film tape with pressure sensitive adhesive backing
and printed markings.

Underground Plastic Pipe Markers: Bright colored continuously printed plastic ribbon tape,
minimum 6 inches (150 mm) wide by 4 mil (0.10 mm) thick, manufactured for direct burial
service.

2.05 CEILING TACKS

A.
B.
C.

Manufacturers:
Description: Steel with 3/4 inch (20 mm) diameter color coded head.

Color code as follows:
1. Plumbing Valves: Green.

PART 3 EXECUTION
3.01 PREPARATION

A

Degrease and clean surfaces to receive adhesive for identification materials.

3.02 INSTALLATION

A.

Install plastic nameplates with corrosive-resistant mechanical fasteners, or adhesive. Apply
with sufficient adhesive to ensure permanent adhesion and seal with clear lacquer.

Install tags with corrosion resistant chain.

Install plastic pipe markers in accordance with manufacturer's instructions.
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D. Install plastic tape pipe markers complete around pipe in accordance with manufacturer's
instructions.

E. Install underground plastic pipe markers 6 to 8 inches (150 to 200 mm) below finished grade,
directly above buried pipe.

F. Use tags on piping 3/4 inch (20 mm) diameter and smaller.
1. Identify service, flow direction, and pressure.
2. Install in clear view and align with axis of piping.
3. Locate identification not to exceed 20 feet (6 m) on straight runs including risers and drops,
adjacent to each valve and Tee, at each side of penetration of structure or enclosure, and at
each obstruction.

END OF SECTION
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SECTION 22 07 19

PLUMBING PIPING INSULATION
PART 1 GENERAL
1.01 SECTION INCLUDES
A. Pipinginsulation.
B. Jackets and accessories.
1.02 RELATED REQUIREMENTS
A. Section 07 84 00 - Firestopping.
B. Section 22 10 05 - Plumbing Piping: Placement of hangers and hanger inserts.
C. Section 2321 13 - Hydronic Piping: Placement of hangers and hanger inserts.
1.03 REFERENCE STANDARDS

A. ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Guarded Hot Plate Apparatus; 2010.

B. ASTM C547 - Standard Specification for Mineral Fiber Pipe Insulation; 2012.

ASTM C795 - Standard Specification for Thermal Insulation for Use in Contact with Austenitic
Stainless Steel; 2008.

D. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materids;
2012.

ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2010.

NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materids;
National Fire Protection Association; 2006.

G. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials;
Underwriters Laboratories Inc.; Current Edition, Including All Revisions.

1.04 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide product description, thermal characteristics, list of materials and
thickness for each service, and | ocations.

1.05 QUALITY ASSURANCE

A. Manufacturer Qualifications: Company specializing in manufacturing the Products specified in
this section with not less than three years of documented experience.

1.06 DELIVERY, STORAGE, AND HANDLING

A. Accept materials on site, labeled with manufacturer's identification, product density, and
thickness.

1.07 FIELD CONDITIONS

A. Maintain ambient conditions required by manufacturers of each product.

B. Maintain temperature before, during, and after installation for minimum of 24 hours.
PLUMBING PIPING INSULATION 220719- 1
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PART 2 PRODUCTS
2.01 REQUIREMENTSFOR ALL PRODUCTSOF THISSECTION

A. Surface Burning Characteristics: Flame spread/Smoke developed index of 25/50, maximum,
when tested in accordance with ASTM E84, NFPA 255, or UL 723.

2.02 GLASSFIBER

A. Manufacturers:
1. Knauf Insulation: www.knaufusa.com.
2. JohnsManville Gorporation: www.jm.com.
3. Owens Corning Corp: www.owenscorning.com.
4. CertainTeed Corporation; : www.certainteed.com.
5. Substitutions: See Section 01 60 00 - Product Requirements.

B. Insulation: ASTM C547 and ASTM C795; rigid molded, noncombustible.
1. 'K'(Ksi') value. ASTM C177, 0.24 at 75 degrees F (0.035 at 24 degrees C).
2. Maximum service temperature: 850 degrees F (454 degrees C).
3.  Maximum moisture absorption: 0.2 percent by volume.

C. Insulation: ASTM C547 and ASTM C795; semi-rigid, noncombustible, end grain adhered to
jacket.
1. 'K'('Ks')values ASTM C177,0.24 at 75 degrees F (0.035 at 24 degrees C).
2. Maximum service temperature: 650 degrees F (343 degrees C).
3. Maximum moisture absorption: 0.2 percent by volume.

D. Vapor Barrier Jacket: White Kraft paper with glass fiber yarn, bonded to aluminized film;
moisture vapor transmission when tested in accordance with ASTM E96/E96M of 0.02
perm-inches (0.029 ng/Pa s m).

2.03 JACKETS

A. PVCPastic.

1. Manufacturers:
a. JohnsManville Corporation:  www.jm.com.
b. Substitutions: See Section 01 60 00 - Product Requirements.

2. Jacket: One piece molded type fitting covers and sheet material, off-white color.
a.  Minimum Service Temperature: 0 degrees F (-18 degrees C).
b. Maximum Service Temperature: 150 degrees F (66 degrees C).
c. Moisture Vapor Permeability: 0.002 perm inch (0.0029 ng/Pa s m), maximum, when

tested in accordance with ASTM E96/E96M .

d. Thickness: 10 mil (0.25 mm).
e. Connections: Brush on welding adhesive.

PART 3 EXECUTION
3.01 EXAMINATION
A. Veify that piping has been tested before applying insulation materials.
B. Verify that surfaces are clean and dry, with foreign materia removed.
3.02 INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. Exposed Piping: Locateinsulation and cover seamsin least visible locations.

PLUMBING PIPING INSULATION 220719- 2
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C.

G.

Glass fiber insulated pipes conveying fluids below ambient temperature:

1

Provide vapor barrier jackets, factory-applied or field-applied. Secure with self-sealing
longitudinal laps and butt strips with pressure sensitive adhesive.  Secure with outward
clinch expanding staples and vapor barrier mastic.

Insulate fittings, joints, and valves with molded insulation of like material and thickness as
adjacent pipe. Finish with glass cloth and vapor barrier adhesive or PV C fitting covers.

Glass fiber insulated pipes conveying fluids above ambient temperature:

1

Provide standard jackets, with or without vapor barrier, factory-applied or field-applied.
Secure with self-sealing longitudinal 1aps and butt strips with pressure sensitive adhesive.
Secure with outward clinch expanding staples.

Insulate fittings, joints, and valves with insulation of like material and thickness as
adjoining pipe. Finish with glass cloth and adhesive or PV C fitting covers.

Inserts and Shields:

1.
2.
3.
4

5.

Application: Piping 1-1/2 inches (40 mm) diameter or larger.

Shields: Galvanized steel between pipe hangers or pipe hanger rolls and inserts.

Insert location: Between support shield and piping and under the finish jacket.

Insert configuration: Minimum 6 inches (150 mm) long, of same thickness and contour as
adjoining insulation; may be factory fabricated.

Insert material: Hydrous calcium silicate insulation or other heavy density insulating
material suitable for the planned temperature range.

Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations. Finish at
supports, protrusions, and interruptions.

Pipe Exposed in Mechanical Equipment Rooms or Finished Spaces (less than 10 feet (3 meters)
above finished floor): Finish with canvas jacket sized for finish painting.

3.03 SCHEDULES
A. Plumbing Systems:

1

2.

3.

Domestic Hot Water Supply:

a  Glass Fiber Insulation: 1-1/2" thick with Jacket
Domestic Hot Water Recirculation:

a  Glass Fiber Insulation: 1-1/2" thick with Jacket
Domestic Cold Water:

a  GlassFiber Insulation: 1-1/2" thick with Jacket

END OF SECTION
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SECTION 2210 05

PLUMBING PIPING
PART 1 GENERAL
1.01 SECTION INCLUDES

A. Pipe, pipefittings, valves, and connections for piping systems.
1. Sanitary sewer.
2. Domestic water.
3. Ges.

1.02 RELATED REQUIREMENTS
A. Section 22 05 53 - Identification for Plumbing Piping and Equipment.
B. Section 22 07 19 - Plumbing Piping Insulation.

1.03 REFERENCE STANDARDS

A. ANSI Z21.22 - American National Standard for Relief Valves and Automatic Gas Shutoff
Devices for Hot Water Supply Systems; 1999, and addenda A& B (R2004).

B. ASME B16.3 - Malleable Iron Threaded Fittings, The American Society of Mechanical
Engineers; 2011.

C. ASME B16.4 - Gray Iron Threaded Fittings; The American Society of Mechanical Engineers,
2011.

D. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; The American Society of
Mechanical Engineers; 2012 (ANSI B16.18).

E. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The
American Society of Mechanical Engineers; 2001 (R2010).

F. ASME B31.1 - Power Piping; The American Society of Mechanical Engineers; 2010
(ANSI/ASME B31.1).

G. ASME B31.9 - Building Services Piping; The American Society of Mechanical Engineers; 2011
(ANSI/ASME B31.9).

H. ASME (BPV IX) - Boiler and Pressure Vessel Code, Section IX - Welding and Brazing
Qualifications; The American Society of Mechanical Engineers; 2010.

I.  ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped,
Zinc-Coated, Welded and Seamless; 2012.

J.  ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2012.

K. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Stedl and
Alloy Steel for Moderate and High Temperature Service; 2011a.

L. ASTM B32 - Standard Specification for Solder Metal; 2008.

M. ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2009.

N. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2005
(Reapproved 2011).

PLUMBING PIPING 221005- 1
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O. ASTM D2513 - Standard Specification for Polyethylene (PE) Gas Pressure Pipe, Tubing, and
Fittings; 2012a.

P. ASTM D2683 - Standard Specification for Socket-Type Polyethylene Fittings for Outside
Diameter-Controlled Polyethylene Pipe and Tubing; 2010.

Q. ASTM F708 - Standard Practice for Design and Installation of Rigid Pipe Hangers; 1992
(Reapproved 2008).

R. AWWA C651 - Disinfecting Water Mains; American Water Works Association; 2005
(ANSI/AWWA C651).

S. CISPI 301 - Standard Specification for Hubless Cast Iron Soil Pipe and Fittings for Sanitary and
Storm Drain, Waste and Vent Piping Applications,; Cast Iron Soil Pipe Institute; 2005.

T. CISPI 310 - Specification for Coupling for Use in Connection with Hubless Cast Iron Soil Pipe
and Fittings for Sanitary and Storm Drain, Waste, and Vent Piping Applications; Cast Iron Soil
Pipe Institute; 2004.

U. ICC-ESACO1 - Acceptance Criteriafor Expansion Anchorsin Masonry Elements; 2009.

V. ICC-ES AC106 - Acceptance Criteriafor Predrilled Fasteners (Screw Anchors) in Masonry
Elements; 2006.

W. ICC-ES AC193 - Acceptance Criteriafor Mechanical Anchorsin Concrete Elements; 2010.

X. 1CC-ES AC308 - Acceptance Criteriafor Post-Installed Adhesive Anchorsin Concrete
Elements; 2009.

Y. MSS SP-58 - Pipe Hangers and Supports - Materias, Design, Manufacture, Selection,
Application, and Installation; Manufacturers Standardization Society of the Valve and Fittings
Industry, Inc.; 2009.

Z. MSSSP-70 - Cast Iron Gate Valves, Flanged and Threaded Ends; Manufacturers
Standardization Society of the Valve and Fittings Industry, Inc.; 2011.

AA. MSS SP-80 - Bronze Gate, Globe, Angle and Check Valves, Manufacturers Standardization
Society of the Valve and Fittings Industry, Inc.; 2008.

AB. MSS SP-85 - Cast Iron Globe & Angle Vaves, Flanged and Threaded Ends; Manufacturers
Standardization Society of the Valve and Fittings Industry, Inc.; 2011.

AC. MSS SP-110 - Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends;
Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.; 2010.

AD. NFPA 58 - Liquefied Petroleum Gas Code; National Fire Protection Association; 2011.
1.04 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

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

C. Project Record Documents. Record actud locations of valves.

D. Maintenance Materials: Furnish the following for Delaware Technical Community College's
use in maintenance of project.
1. See Section 01 60 00 - Product Requirements, for additional provisions.
2. Vave Repacking Kits: One for each type and size of valve.

PLUMBING PIPING 221005- 2
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1.05 QUALITY ASSURANCE
A. Perform work in accordance with applicable codes.
B. Vaves: Manufacturer's name and pressure rating marked on valve body.

C. Welding Materials and Procedures: Conform to ASME (BPV 1X) and applicable state |abor
regulations.

D. Welder Qualifications. Certified in accordance with ASME (BPV 1X).

E. Identify pipe with marking including size, ASTM materia classification, ASTM specification,
potable water certification, water pressure rating.

1.06 REGULATORY REQUIREMENTS
A. Perform Work in accordance with State of Delaware plumbing code.
B. Conform to applicable code for installation of backflow prevention devices.

C. Provide certificate of compliance from authority having jurisdiction indicating approval of
installation of backflow prevention devices.

1.07 DELIVERY, STORAGE, AND HANDLING
A. Accept valves on sitein shipping containers with labeling in place. Inspect for damage.
B. Provide temporary protective coating on cast iron and stegl valves.

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

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

1.08 FIELD CONDITIONS
A. Do not install underground piping when bedding is wet or frozen.
PART 2 PRODUCTS
2.01 SANITARY SEWER PIPING, BURIED WITHIN 5 FEET (1500 mm) OF BUILDING

A. Castlron Pipe: CISPI 301, hubless.
1. Fittings: Castiron.
2. Joints: CISPI 310, neoprene gasket and stainless steel clamp and shield assemblies.

2.02 SANITARY SEWER PIPING, ABOVE GRADE

A. Castlron Pipe: CISPI 301, hubless, service weight.
1. Fittings: Castiron.
2. Joints. CISPI 310, neoprene gaskets and stainless steel clamp-and-shield assemblies.

2.03 WATER PIPING, ABOVE GRADE

A. Copper Tube(Domestic Water 2" and below): ASTM B88 (ASTM B88M), TypeK (A), Drawn

(H).
1. Fittingss ASME B16.18, cast copper alloy or ASME B16.22, wrought copper and bronze.
2. Jointss ASTM B32, aloy Sn95 solder.

PLUMBING PIPING 221005- 3
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B. Sted Pipe (Domestic Water above 2"): ASTM A53/A53M Schedule 40, galvanized, using one
of the following joint types:
1. Threaded Joints. ASME B16.4 cast iron fittings.
2. Grooved Joints:.  AWWA C606 grooved pipe, cast iron fittings, and mechanical couplings.

2.04 PROPANE GASPIPING, BURIED BEYOND 5 FEET (1500 mm) OF BUILDING

A. Polyethylene Pipe: ASTM D2513, SDR 11.
1. Fittingss ASTM D2683 or ASTM D2513 socket type.
2. Joints. Fusion welded.

2.05 PROPANE GASPIPING, ABOVE GRADE

A. Sted Pipee ASTM A53/A53M Schedule 40 black.
1. Fittingss ASME B16.3, malleableiron, or ASTM A234/A234M, wrought steel welding

type.
2. Joints; NFPA 58, threaded or welded to ASME B31.1.

2.06 FLANGES, UNIONS, AND COUPLINGS

A. Unionsfor Pipe Sizes 3 Inches (80 mm) and Under:
1. Ferouspipe: Class 150 malleableiron threaded unions.
2. Copper tube and pipe: Class 150 bronze unions with soldered joints.

B. Flangesfor Pipe Size Over 1 Inch (25 mm):
1. Ferrouspipe Class 150 malleableiron threaded or forged stedl dip-on flanges; preformed
neoprene gaskets.
2. Copper tube and pipe: Class 150 dlip-on bronze flanges; preformed neoprene gaskets.

C. Mechanical Couplings for Grooved and Shouldered Joints:  Two or more curved housing
segments with continuous key to engage pipe groove, circular C-profile gasket, and boltsto
secure and compress gasket.

1. Dimensionsand Testing: In accordance with AWWA C606.

2. Housing Materia: Malleableiron or ductile iron, galvanized.

3. Gasket Materid: EPDM suitable for operating temperature range from -30 degrees F (-34
degrees C) to 230 degrees F (110 degrees C).

4. Boltsand Nuts: Hot dipped galvanized or zinc-electroplated steel.

5. When pipeisfield grooved, provide coupling manufacturer's grooving tools.

2.07 PIPE HANGERS AND SUPPORTS

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

1. If type of hanger or support for a particular situation is not indicated, select appropriate

type using MSS SP-58 recommendations.

2. Overhead Supports: Individua steel rod hangers attached to structure or to trapeze
hangers.
Trapeze Hangers. Welded steel channel frames attached to structure.
Vertical Pipe Support: Steel riser clamp.
Floor Supports:. Concrete pier or steel pedestal with floor flange; fixture attachment.
Rooftop Supports for Low-Slope Roofs:  Steel pedestal s with bases that rest on top of
roofing membrane, not requiring any attachment to the roof structure and not penetrating
the roofing assembly, with support fixtures as specified; and asfollows:
a. Bases: High density polypropylene.

o0k~ w
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b. BaseSizes: Asrequired to distribute load sufficiently to prevent indentation of
roofing assembly.

c. Steel Components. Stainless stedl, or carbon steel hot-dip galvanized after
fabrication in accordance with ASTM A123/A123M.

d. Attachment/Support Fixtures: Asrecommended by manufacturer, same type as
indicated for equivalent indoor hangers and supports; corrosion resistant material.

e. Height: Provide minimum clearance of 6 inches (150 mm) under pipe to top of
roofing.

B. Plumbing Piping - Drain, Waste, and Vent:
1. Conformto ASME B31.9.
2. Hangersfor Pipe Sizes 1/2 Inch (15 mm) to 1-1/2 Inches (40 mm): Malleableiron,
adjustable swivel, split ring.
3. Hangersfor Pipe Sizes 2 Inches (50 mm) and Over: Carbon stedl, adjustable, clevis.
4. Multiple or Trapeze Hangers: Steel channels with welded spacers and hanger rods.

C. Plumbing Piping - Water:

1. Conformto ASME B31.9.

2. Hangersfor Pipe Sizes 1/2 Inch (15 mm) to 1-1/2 Inches (40 mm): Malleableiron,
adjustable swivel, split ring.

3. Hangersfor Cold Pipe Sizes 2 Inches (50 mm) and Over: Carbon sted, adjustable, clevis.

4. Hangersfor Hot Pipe Sizes 2 Inches (50 mm) to 4 Inches (100 mm): Carbon sted!,
adjustable, clevis.

5. Copper Pipe Support: Carbon stedl ring, adjustable, copper plated.

D. Hanger Fasteners: Attach hangersto structure using appropriate fasteners, as follows:
Concrete Wedge Expansion Anchors.  Complying with ICC-ES AC193.
Masonry Wedge Expansion Anchors:  Complying with ICC-ES ACO1.

Concrete Screw Type Anchors.  Complying with ICC-ES AC193.

Masonry Screw Type Anchors. Complying with ICC-ES AC106.

Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308.
Manufacturers:

a  Powers Fasteners, Inc: www.powers.com.

b. Substitutions: See Section 01 60 00 - Product Requirements.

2.08 GATE VALVES

A. Manufacturers:

1. Tyco Flow Control: www.tycoflowcontrol.com.

2. Conbraco Industries. www.conbraco.com.

3. Nibco, Inc:  www.nibco.com.

4. Milwaukee Valve Company: www.milwaukeevalve.com.
5

2

1

ous~wWNE

Substitutions: See Section 01 60 00 - Product Requirements.

Inches (50 mm) and Larger:
MSS SP-70, Class 125, iron body, bronze trim, outside screw and yoke, handwhesl, solid
wedge disc, flanged ends.  Provide chain-wheel operators for valves 6 inches (150 mm)
and larger mounted over 8 feet (2400 mm) above floor.

2.09 BALL VALVES

A. Manufacturers:
1. Tyco Flow Control: www.tycoflowcontrol.com.

B.
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2. Conbraco Industries. www.conbraco.com.

3. Nibco, Inc: www.nibco.com.

4. Milwaukee Valve Company: www.milwaukeeval ve.com.

5. Substitutions: See Section 01 60 00 - Product Requirements.

B. Construction, 4 Inches (100 mm) and Smaller: MSS SP-110, Class 150, 400 psi (2760 kPa)
CWP, bronze, two piece body, chrome plated brass ball, regular port, teflon seats and stuffing
box ring, blow-out proof stem, lever handle with balancing stops, solder ends with union.

2.10 WATER PRESSURE REDUCING VALVES

A. Manufacturers:
1. Amtrol Inc: www.amtrol.com.
2. ClaVva Co: www.cla-val.com.
3. Waitts Regulator Company: www.wattsregulator.com.
4. Substitutions: See Section 01 60 00 - Product Reguirements.

B. Upto 2 Inches (50 mm):
1. MSS SP-80, bronze body, stainless steel and thermoplastic internal parts, fabric reinforced
diaphragm, strainer, threaded single union ends.

C. Over 2 Inches (50 mm):
1. MSS SP-85, cast iron body, bronze fitted, elastomeric diaphragm and seat disc, flanged.

211 RELIEF VALVES

A. Pressure Relief:
1. Manufacturers:

Tyco Flow Control:  www.tycoflowcontrol.com.

Clava Co: www.cla-val.com.

Henry Technologies: www.henrytech.com.

Watts Regulator Company: www.wattsregulator.com.

Substitutions:  See Section 01 60 00 - Product Requirements.

2. AGA Z221.22 certified, bronze body, teflon seat, sted stem and springs, automatic, direct
pressure actuated.

PART 3 EXECUTION
3.01 EXAMINATION

A. Veify that excavations are to required grade, dry, and not over-excavated.
3.02 PREPARATION

A. Ream pipe and tubeends. Remove burrs. Bevel plain end ferrous pipe.

CapoTe

B. Remove scale and dirt, on inside and outside, before assembly.
C. Prepare piping connections to equipment with flanges or unions.
3.03 INSTALLATION
A. Instal in accordance with manufacturer's instructions.
B. Provide non-conducting dielectric connections wherever jointing dissimilar metals.

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

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

F. Provide clearance in hangers and from structure and other equipment for installation of
insulation and access to valves and fittings. Refer to Section 22 07 19.

G. Provide access where valves and fittings are not exposed.

H. Install bell and spigot pipe with bell end upstream.

I. Install valves with stems upright or horizonta, not inverted.
Sleeve pipes passing through partitions, walls and floors.

K. Inserts:

1. Provideinsertsfor placement in concrete formwork.

2. Provideinserts for suspending hangers from reinforced concrete dabs and sides of
reinforced concrete beams.

3. Provide hooked rod to concrete reinforcement section for inserts carrying pipe over 4
inches (100 mm).

4.  Where concrete slabs form finished ceiling, locate inserts flush with slab surface.

5. Where inserts are omitted, drill through concrete dab from below and provide through-bolt
with recessed square stedl plate and nut above slab.

L. PipeHangersand Supports:

1. Instal in accordance with ASME B31.9.

2. Support horizontal piping as scheduled.

3. Install hangers to provide minimum 1/2 inch (15 mm) space between finished covering and
adjacent work.

4, Place hangerswithin 12 inches (300 mm) of each horizontal elbow.

5. Use hangerswith 1-1/2 inch (40 mm) minimum vertical adjustment. Design hangers for
pipe movement without disengagement of supported pipe.

6. Provide copper plated hangers and supports for copper piping.

3.04 APPLICATION

A. Install gate or ball valves for shut-off and to isolate equipment, part of systems, or vertical
risers.

B. Instal globe valvesfor throttling, bypass, or manual flow control services.
C. Provide plug valvesin natural gas systems for shut-off service.
3.05 TOLERANCES

A. Drainage Piping: Egablish invert elevations within 1/2 inch (10 mm) vertically of location
indicated and dopeto drain at minimum of 1/4 inch per foot (1:50) sope.

B. Water Piping: Slopeat minimum of 1/32 inch per foot (1:400) and arrangeto drain at low
points.

3.06 DISINFECTION OF DOMESTIC WATER PIPING SYSTEM
A. Prior to starting work, verify system is complete, flushed and clean.
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I o mm

Ensure Ph of water to be treated is between 7.4 and 7.6 by adding alkali (caustic soda or soda
ash) or acid (hydrochloric).

Inject disinfectant, free chlorine in liquid, powder, tablet or gas form, throughout system to
obtain 50 to 80 mg/L residual.

Bleed water from outlets to ensure distribution and test for disinfectant residual at minimum 15
percent of outlets.

Maintain disinfectant in system for 24 hours.
If final disinfectant residual tests less than 25 mg/L, repeat treatment.
Flush disinfectant from system until residual equal to that of incoming water or 1.0 mg/L.

Take samples no sooner than 24 hours after flushing, from 10 percent of outlets and from water
entry, and analyze in accordance with AWWA C651.

3.07 SERVICE CONNECTIONS

A.

Provide new sanitary sewer services. Before commencing work check invert elevations
required for sewer connections, confirm inverts and ensure that these can be properly connected
with dope for drainage and cover to avoid freezing.

Provide new water service complete with approved reduced pressure backflow preventer and

water meter with by-pass valves, pressure reducing valve, and sand strainer.

1. Provide deeveinwall for service main and support at wall with reinforced concrete bridge.
Caulk enlarged sleeve and make watertight with pliable material. Anchor service main
inside to concrete wall.

2. Provide 18 gage (1.20 mm) galvanized sheet metal sleeve around service main to 6 inch
(150 mm) above floor and 6 feet (1800 mm) minimum below grade. Size for minimum of
2 inches (50 mm) of loose batt insulation stuffing.

Provide new gas service complete with gas meter and regulators. Gas service distribution
piping to have initial minimum pressure of 7 inch wg (1.75 kPa). Provide regulators on each
line serving gravity type appliances, sized in accordance with equipment.

3.08 SCHEDULES

A.

Pipe Hanger Spacing:
1. Metal Piping:
a. Pipesize 1/2inches (15 mm) to 1-1/4 inches (32 mm):
1) Maximum hanger spacing: 6.5 ft (2 m).
2) Hanger rod diameter: 3/8 inches (9 mm).
b. Pipesize: 1-1/2 inches (40 mm) to 2 inches (50 mm):
1) Maximum hanger spacing: 10 ft (3 m).
2) Hanger rod diameter: 3/8inch (9 mm).
c. Pipesizer 2-1/2inches (65 mm) to 3 inches (75 mm):
1) Maximum hanger spacing: 10 ft (3 m).
2) Hanger rod diameter: /2 inch (13 mm).
d. Pipesize 4inches (100 mm) to 6 inches (150 mm):
1) Maximum hanger spacing: 10 ft (3 m).
2) Hanger rod diameter: 5/8 inch (15 mm).
2. Plagtic Piping:
a All Sizes.
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1) Maximum hanger spacing: 6 ft (1.8 m).

2) Hanger rod diameter: 3/8inch (9 mm).

END OF SECTION
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SECTION 22 10 06

PLUMBING PIPING SPECIALTIES
PART 1 GENERAL
1.01 SECTION INCLUDES
Roof and floor drains.
Cleanouts.
Hose bibbs.

Backflow preventers.

o0 >

E. Water hammer arrestors.
1.02 RELATED REQUIREMENTS
A. Section 22 10 05 - Plumbing Piping.
B. Section 22 40 00 - Plumbing Fixtures.
C. Section 22 30 00 - Plumbing Equipment.
1.03 REFERENCE STANDARDS

A. ASME A112.6.3 - Floor and Trench Drains; The American Society of Mechanical Engineers;
2001 (R2007).

B. ASSE 1011 - Hose Connection Vacuum Breakers, American Society of Sanitary Engineering;
2004 (ANSI/ASSE 1011).

C. ASSE 1012 - Backflow Preventer with Intermediate Atmaospheric Vent; American Society of
Sanitary Engineering; 2009 (ANSI/ASSE 1012).

D. ASSE 1019 - Vacuum Breaker Wall Hydrants, Freeze Resistant Automatic Draining Type;
American Society of Sanitary Engineering; 2011 (ANSI/ASSE 1019).

E. PDI-WH 201 - Water Hammer Arresters; Plumbing and Drainage Institute; 2010.
1.04 SUBMITTALS

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide component sizes, rough-in requirements, service sizes, and finishes.
C. Shop Drawings: Indicate dimensions, weights, and placement of openings and holes.
D

Project Record Documents:  Record actua locations of equipment, cleanouts, backflow
preventers, water hammer arrestors.

m

Operation Data:  Indicate frequency of treatment required for interceptors.
F. Maintenance Data: Include installation instructions, spare parts lists, exploded assembly views.

G. Maintenance Materials: Furnish the following for Delaware Technical Community College's
use in maintenance of project.
1. See Section 01 60 00 - Product Requirements, for additional provisions.

1.05 QUALITY ASSURANCE
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A. Manufacturer Qualifications; Company specializing in manufacturing the Products specified in
this section with not less than three years documented experience.

1.06 DELIVERY, STORAGE, AND HANDLING

A. Accept specidtieson sitein original factory packaging. Inspect for damage.
PART 2 PRODUCTS
2.01 DRAINS

A. Manufacturers:
1. Josam Company: Www.josam.com.
2. Jay R. Smith Manufacturing Company: www.jayrsmith.com.
3. ZurnIndustries, Inc:  www.zurn.com.
4. Substitutions: See Section 01 60 00 - Product Reguirements.

B. Roof Drains:

Assembly: ASME A112.6.4.

Body: Lacquered cast iron with sump.

Strainer: Removable polyethylene dome with vandal proof screws.
Accessories.  Coordinate with roofing type:

a  Membrane flange and membrane clamp with integral gravel stop.
b. Adjustable under deck clamp.

c. Roof sump receiver.

d. Waterproofing flange.

e. Controlled flow welir.

pODPE

C. Foor Dran:
1. ASME A112.6.3; lacquered cast iron two piece body with double drainage flange, weep
holes, reversible clamping collar, and round, adjustable nickel-bronze strainer.
2. Floor drains shall be equiped with self priming traps.

2.02 CLEANOUTS

A. Manufacturers:
1. Jay R. Smith Manufacturing Company: www.jayrsmith.com.
2. Josam Company: Www.josam.com.
3.  ZurnIndustries, Inc: www.zurn.com.
4. Substitutions: See Section 01 60 00 - Product Reguirements.

B. Cleanouts at Exterior Surfaced Areas (CO-1):
1. Round cast nickel bronze access frame and non-skid cover.

C. Cleanoutsat Interior Finished Floor Areas:
1. Lacquered cast iron body with anchor flange, reversible clamping collar, threaded top
assembly, and round gasketed scored cover in service areas and round gasketed depressed
cover to accept floor finish in finished floor areas.

D. Cleanoutsat Interior Finished Wall Areas:
1. Linetype with lacquered cast iron body and round epoxy coated gasketed cover, and round
stainless steel access cover secured with machine screw.

2.03 HOSE BIBBS

A. Manufacturers:
1. Jay R. Smith Manufacturing Company: www.jayrsmith.com.
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2. Watts Regulator Company: www.wattsregulator.com.
3. Zurn Industries, Inc:  www.zurn.com.
4. Substitutions: See Section 01 60 00 - Product Reguirements.

B. Interior Hose Bibbs:

1. Bronze or brass with integral mounting flange, replaceable hexagonal disc, hose thread
spout, chrome plated where exposed with lockshield and removable key, integral vacuum
breaker in conformance with ASSE 1011.

2.04 HYDRANTS

A. Manufacturers:
1. Arrowhead Brass Company: www.arrowheadbrass.com.
2. Jay R. Smith Manufacturing Company: www.jayrsmith.com.
3. ZurnIndustries, Inc: www.zurn.com.
4. Substitutions: See Section 01 60 00 - Product Reguirements.

B. Wall Hydrants:

1. ASSE 1019; freeze resistant, self-draining type with chrome plated wall plate hose thread
spout, lockshield and removable key, and integral vacuum breaker.

2.05 BACKFLOW PREVENTERS

A. Manufacturers:
1. Conbraco Industries; www.conbraco.com.
2. Watts Regulator Company: www.wattsregul ator.com.
3. Zurn Industries, Inc:  www.zurn.com.
4. Subgtitutions: See Section 01 60 00 - Product Requirements.

2.06 DOUBLE CHECK VALVE ASSEMBLIES

A. Manufacturers:
1. Conbraco Industries. www.conbraco.com.
2. Watts Regulator Company: www.wattsregulator.com.
3. Zurn Industries, Inc:  www.zurn.com.
4. Substitutions: See Section 01 60 00 - Product Reguirements.

B. Double Check Valve Assemblies:

1. ASSE 1012; Bronze body with corrosion resistant internal parts and stainless steel springs;
two independently operating check valves with intermediate atmospheric vent.

2.07 WATER HAMMER ARRESTORS

A. Manufacturers:
1. Jay R. Smith Manufacturing Company: www.jayrsmith.com.
2. Watts Regulator Company: www.wattsregulator.com.
3. ZurnIndustries, Inc:  www.zurn.com.
4, Substitutions: See Section 01 60 00 - Product Reguirements.

B. Water Hammer Arrestors:
1. Stainless steel construction, bellowstype sized in accordance with PDI-WH 201,
precharged suitable for operation in temperature range -100 to 300 degrees F (-73 to 149
degrees C) and maximum 250 psi (1700 kPa) working pressure.

PART 3 EXECUTION
3.01 INSTALLATION
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A. Install in accordance with manufacturer's instructions.

B. Extend cleanoutsto finished floor or wall surface. Lubricate threaded cleanout plugs with
mixture of graphite and linseed oil. Ensure clearance at cleanout for rodding of drainage
system.

C. Encaseexterior cleanoutsin concrete flush with grade.
D. Instal floor cleanouts at elevation to accommodate finished floor.

E. Install approved portable water protection devices on plumbing lines where contamination of
domestic water may occur; on boiler feed water lines, janitor rooms, fire sprinkler systems,
premise isolation, irrigation systems, flush valves, interior and exterior hose bibbs.

F. Piperelief from backflow preventer to nearest drain.

Install water hammer arrestors complete with accessible isolation valve on hot and cold water
supply piping to lavatories sinks.

H. Install water hammer arrestors complete with accessible isolation valve on cold water supply
piping to flush valve water closets.

END OF SECTION
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SECTION 221113 - FACILITY WATER DISTRIBUTION PIPING

PART 1 - GENERAL

11

A.

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contractlueing General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY

This Section includes water-distribution piping aethted components outside the building for
water service and fire-service mains.

Contractor shall furnish and install all mains, fams, valves and fittings as specified and
indicated on the drawings.

SYSTEM PERFORMANCE REQUIREMENTS

Minimum Working Pressure Ratings: Except where wotise indicated, the following are
minimum pressure requirements for water systermgipi

1. Underground Piping: 150 psi (1035 kPa).1
2. Underground Piping, Fire Suppression System: 2@D(880 kPa).

Protection of Potable Water Supply:

1. A minimum of 10 feet horizontal separation shallgrevided between proposed water
mains and proposed sewers.

2. Clearances: Where specified crossing clearanceotdme obtained, sewer shall be
encased in concrete for 10 feet each side of watén. For crossings of other utilities,
sewer shall be encased with limits of the utilignich.

a. Sewer crossing water mains shall have a clearaint8 imches below water main
or shall be encased.

b. Sewers shall have a minimum of 6 inches clearafmamwrossing other utilities.
SUBMITTALS
Product Data: For each type of product indicated.
Shop Drawings: none
Coordination Drawings: For piping and specialtreduding relation to other services in same
area, drawn to scale. Show piping and speciatgssand valves, meter and specialty locations,

and elevations.

Field quality-control test reports.
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E.

1.5

1.6

Record drawings at Project closeout of installetewaystem piping and products according to
Division 1 Section "Project Closeout."

QUALITY ASSURANCE

Regulatory Requirements:

1. Comply with standards of authorities having jurisidin for potable-water-service piping,
including materials, installation, testing, andmfisction.

2. Comply with standards of authorities having jurgsidin for fire-suppression water-
service piping, including materials, hose threaustallation, and testing.

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

Comply with ASTM F 645 for selection, design, andtallation of thermoplastic water piping.

Comply with FMG's "Approval Guide" or UL's "Fire &ection Equipment Directory" for fire-
service-main products.

NSF Compliance:

1. Comply with NSF 14 for plastic potable-water-seeviiping.
2. Comply with NSF 61 for materials for water-servjiping and specialties for domestic
water.

Provide listing/approval stamp, label, or other kiveg on equipment made to specified
standards

DELIVERY, STORAGE, AND HANDLING
Preparation for Transport: Prepare valves, indagdire hydrants, according to the following:

1. Ensure that valves are dry and internally proteagginst rust and corrosion.
2. Protect valves against damage to threaded endiaage faces.
3. Set valves in best position for handling. Set galglosed to prevent rattling.

During Storage: Use precautions for valves, iniclgdire hydrants, according to the following:

1. Do not remove end protectors unless necessamdpection; then reinstall for storage.

2. Protect from weather. Store indoors and main&imperature higher than ambient dew-
point temperature. Support off the ground or pasmn watertight enclosures when
outdoor storage is necessary.

Handling: Use sling to handle valves and fire layds if size requires handling by crane or lift.
Rig valves to avoid damage to exposed parts. Dause handwheels or stems as lifting or
rigging points.
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D.

1.7

1.8

Deliver piping with factory-applied end caps. Main end caps through shipping, storage, and
handling to prevent pipe-end damage and to prexemance of dirt, debris, and moisture.

Protect stored piping from moisture and dirt. Blevabove grade. Do not exceed structural
capacity of floor when storing inside.

Protect flanges, fittings, and specialties from shaie and dirt.
Store plastic piping protected from direct sunligBupport to prevent sagging and bending.
PROJECT CONDITIONS

Interruption of Existing Water-Distribution ServiceDo not interrupt service to facilities
occupied by Owner or others unless permitted utlgerfollowing conditions and then only
after arranging to provide temporary water-distiitnu service according to requirements
indicated:

1. Notify Construction Manager & Owner no fewer thawefdays in advance of proposed
interruption of service.

2. Do not proceed with interruption of water-distrilaut service without Construction
Manager's & Owner’s written permission.

Verify that water system piping may be installed dompliance with original design and
referenced standards.

Site Information: Reports on subsurface conditinrestigations made during the design of the
Project are available for informational purposedyondata in reports are not intended as
representations or warranties of accuracy or caityirof conditions (between soil borings).
Owner and Architect assumes no responsibility ferpretations or conclusions drawn from
this information

COORDINATION
Coordinate connection to Building Plumbing and ob&ision 22 work.
Coordinate with other utility work including but niimited to fire protection systems piping.

Coordinate electrical requirements of actual eqeipiiurnished with requirements specified in
Division 26.

PART 2 - PRODUCTS

2.1

PVC PIPE AND FITTINGS

PVC, AWWA Pipe: AWWA C900, Class 150 and Class,2@@h bell end with gasket, and
with spigot end.

Push-on-Joint, Ductile-Iron Fittings: AWWA C110, alile- or gray-iron standard pattern or
AWWA C153, ductile-iron compact pattern.
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1. Gaskets: AWWA C111, rubber.

C. Mechanical-Joint, Ductile-Iron Fittings: AWWA C11@uctile- or gray-iron standard pattern or
AWWA C153, ductile-iron compact pattern.

1. Glands, Gaskets, and Bolts: AWWA C111, ductilegmy-iron glands, rubber gaskets,
and steel bolts.

D. Mains & Services for Fire Suppression

1. Comply with UL 1285 for fire-service mains if indited.
2. Comply with NFPA 24 and local/state regulationsffag-service mains.

2.2 PIPING SPECIALTIES

A. Transition Fittings: Manufactured fitting or coupg same size as, with pressure rating at least
equal to and ends compatible with, piping to begdi

B. Split-Sleeve Pipe Couplings:

1. Manufacturers: Subject to compliance with requigats, provide products by one of the
following:

a. Victaulic Depend-O-Lok.

2. Description: Metal, bolted, split-sleeve-type, weithg or transition coupling with sealing
pad and closure plates, O-ring gaskets, and bsikrfiars.

Standard: AWWA C2109.

Sleeve Material: Stainless steel.

Sleeve Dimensions: Of thickness and width requiogaiovide pressure rating.
Gasket Material: O-rings made of EPDM rubber, ssletherwise indicated.
Pressure Rating: 200 psig minimum.

Metal Component Finish: Corrosion-resistant captinmaterial.

~eoo0ow

2.3 GATE VALVES
A. AWWA, Cast-lron Gate Valves:

1. Manufacturers: Subject to compliance with requigats, provide products by one of the
following:

a. Provide valves by Waterous, Mueller Co. or a comaplar product approved by the
Engineer.

2. Nonrising-Stem, Resilient-Seated Gate Valves:
a. Description: Gray- or ductile-iron body and bonneith bronze or gray- or

ductile-iron gate, resilient seats, bronze sterd,siem nut.
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2.4

2.5

1) Standard: AWWA C509.

2)  Minimum Pressure Rating: 200 psig .

3) End Connections: Mechanical joint.

4)  Interior Coating: Complying with AWWA C550.

GATE VALVE ACCESSORIES AND SPECIALTIES
Tapping-Sleeve Assemblies:

1. Manufacturers: Provide products by one of theofeihg:

2. Provide Mueller Co.; Water Products Dier a comparable product approved by the
utility.

3. Description: Sleeve and valve compatible withligigi machine.

a. Standard: MSS SP-60.

b. Tapping Sleeve: Cast- or ductile-iron or stainigte®l, two-piece bolted sleeve
with flanged outlet for new branch connection. lude sleeve matching size and
type of pipe material being tapped and with recd$isege for branch valve.

C. Valve: AWWA, cast-iron, nonrising-stem, resiliesgated gate valve with one
raised face flange mating tapping-sleeve flange.

Valve Boxes: Comply with AWWA M44 for cast-iron lva boxes. Include top section, extra
deep lid with two holes, adjustable extension oigth required for depth of burial of valve
(valve boxes shall be adjustable between 2'-4” 8hd” except when deeper settings are
required) , plug with lettering "WATER," and bottasection with base that fits over valve and
with a barrel 5 1/4 inches in diameter.

1. Provide boxes by Mueller, or a comparable prodpptaved by the utility.

2. Operating Wrenches: Steel, tee-handle with onatpdiend, stem of length to operate
deepest buried valve, and socket matching valveatipg nut.

3.  All boxes for 4, 6, and 8-inch valves shall be ggeid with #6 round base. Valve boxes
shall be adjustable between 2’-4" and 3'-4” exogpen deeper settings are required.

CORPORATION VALVES AND CURB VALVES
Manufacturers:

1. Manufacturers: Subject to compliance with requigats, provide products by one of the
following:

a. Ford Meter Box Company, Inc. (The); Pipe Produdts Brodel number per utility
company standard.

Service-Saddle Assemblies: Comply with AWWA C8Q0fclude saddle and valve compatible
with tapping machine.

1. Service Saddle: Copper alloy with seal and AWWAQS8 threaded outlet for
corporation valve.
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2.6

2. Corporation Valve: Bronze body and ground-key pluigth AWWA C800, threaded
inlet and outlet matching service piping material.

3. Manifold: Copper fitting with two to four inletssarequired, with ends matching
corporation valves and outlet matching servicengjphaterial.

Curb Valves: Comply with AWWA C800. Include brenkody, ground-key plug or ball, and
wide tee head, with inlet and outlet matching smr\giping material.

Service Boxes for Curb Valves: Similar to AWWA M4déquirements for cast-iron valve
boxes. Include cast-iron telescoping top sectilermgth required for depth of burial of valve,
plug with lettering "WATER," and bottom section Wwibase that fits over curb valve and with a
barrel approximately 4 1/4 inches in diameter.

1. Shutoff Rods: Steel, tee-handle with one pointed, stem of length to operate deepest
buried valve, and slotted end matching curb valve.

IDENTIFICATION

Metallic-Lined Plastic Underground Warning Tap&®olyethylene plastic tape with metallic
core, 6 inches (150 mm) wide by 4 mils (1 mm) thisklid blue in color with continuously
printed caption in black letters "CAUTION - WATERNE BURIED BELOW."

PART 3 - EXECUTION

3.1

A.

3.2

EARTHWORK
Refer to Division 31 Section "Earth Moving" for ex@ting, trenching, and backfilling.
PIPING APPLICATIONS

General: Use pipe, fittings, and joining methoalsdiping systems according to the following
applications.

Transition couplings and special fittings with me® ratings at least equal to piping pressure
rating may be used, unless otherwise indicated.

Do not use flanges or unions for underground piping

Flanges, unions, grooved-end-pipe couplings, ardiapfittings may be used, instead of joints
indicated, on aboveground piping and piping in tsaul

Underground Water-Service and Fire-Service-sergipgng shall be as noted on the drawings
or any of the following:

1. PVC, AWWA C900 Class 200 DR 18 pipe; Ductile Ir@bficated fittings and gasketed
joints.

2. Ductile-iron, push-on-joint pipe; ductile-iron, gusn-joint fittings; and gasketed joints.

3. Comply with FMG's "Approval Guide" or UL's "Fire étection Equipment Directory"
for fire-service-main products
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3.3

3.4

3.5

4, Installation shall be coordinated with and oversegthe fire protection contractor.
VALVE APPLICATIONS

General Application: Use mechanical-joint-end ealvfor NPS 3 and larger underground
installation. Use threaded- or flanged-end vafeesnstallation in vaults as indicated in utility
company details. Use UL/FMG, non-rising-stem gatdves for installation with indicator
posts. Use corporation valves and curb valves &iitlis compatible with piping, fOfPS 2and
smaller installation.

Drawings indicate valve types to be used. Whepgzifip valve types are not indicated, the
following requirements apply:

1. Underground ValvesNPS 3and Larger: AWWA, cast-iron, nonrising-stem, liesi-
seated gate valves with valve box.
2. Use the following for valves in vaults and abovega:

a. Gate ValvesNPS 3and Larger: AWWA, cast iron, OS&Y rising stemsifient
seated.

3. Relief Valves: Use for water-service piping in kawand aboveground.

PIPING SYSTEMS - COMMON REQUIREMENTS

General Locations and Arrangements: Drawings indicgeneral location and arrangement of
piping systems. Indicated locations and arrangésnesmre used to size pipe and calculate
friction loss, expansion, pump sizing, and othesigle considerations. Install piping as
indicated except where deviations to layout are@pga on coordination drawings.

Install piping at indicated slope.

Install restrained joints for buried piping withthfeet (1.5m) of building. Use restrained-joint
pipe and fittings, thrust blocks, anchors, tie-radsl clamps, and other supports at vertical and
horizontal offsets.

Install piping free of sags and bends.

Locate groups of pipes parallel to each other, epp@ permit valve servicing.

Install fittings for changes in direction and brarmonnections.

PIPING INSTALLATION

Make connectionslPS 2and smaller with drilling machine according to fokowing:

1. Install service-saddle assemblies and corporati@ives in size, quantity, and
arrangement as indicated on the drawings.
2. Install service-saddle assemblies on water-sepijpe to be tapped. Position outlets for

corporation valves.
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3. Use drilling machine compatible with service-sadaésemblies and corporation valves.
Drill hole in main. Remove drilling machine andhoect water-service piping.

4, Install corporation valves into service-saddle agdies.
5. Install manifold for multiple taps in water main.
6. Install curb valve in water-service piping with dgaointing up and with service box.

B. Install ductile-iron, water-service piping accomglito AWWA C600 and AWWA M41.
1. Install PE corrosion-protection encasement accgriimlASTM A 674 or AWWA C105.
C. Install PVC, AWWA pipe according to ASTM F 645 aAtiVWA M23.

D. Bury piping with depth of cover over top at lea&tidches, with top at leag inchesbelow
level of maximum frost penetration.

E. Each section of pipe shall be placed on a solichdation for its full length, with recesses
excavated to accommodate the bell of the pipe. #ipg which has its grade or joint disturbed
after installation shall be removed and reinstalldd pipe shall be installed on frozen or wet
subgrade. Bedding material shall be provided,qfineed, by the Architect.

F.  The interior of the pipe shall be thoroughly cleduné all foreign matter before being lowered
into the trench, and shall be kept clean duringnayperations by means of plugs or other
approved methods. Under no circumstances shalllgdaid in water, and no pipe shall be laid
when trench or weather conditions are unsuitabiledoh work.

G. Atalltimes work is not in progress, all open enflpipe and fittings shall be securely closed so
that no trench water, earth or other substanceantir the pipe or fittings.

H.  Any section of pipe in place and found to be défectshall be removed and replaced
immediately at no cost to the Owner.

l. No section of pipe shall be installed with deflenti greater than manufacturer’s
recommendations either vertically or horizontalbny deviation required to be greater than
recommended shall be made with a special fitting.

J. All installation of ductile iron pipe shall be iteordance with AWWA Standard No. C600 with
detector tape.

K.  Extend water-service piping and connect to watepbusource and building-water-piping
systems at outside face of building wall in locati@nd pipe sizes indicated.

1. Terminate water-service piping to within 5, of ldirlg wall until building-water-piping
systems are installed. Terminate piping with cgpsgs, or flanges as required for
piping material. Make connections to building-watéing systems when those systems
are installed.

L. Install underground piping with restrained jointsharizontal and vertical changes in direction.
Use restrained-joint piping, thrust blocks, anchtiesrods and clamps, and other supports.
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M.

3.6

3.7

3.8

3.9

See Division 21 Section "Water-Based Fire-Suppoes8ystems" for fire-suppression-water
piping inside the building.

See Division 22 Section "Domestic Water Piping"gotable-water piping inside the building.
JOINT CONSTRUCTION
Make pipe joints according to the following:

1. PVC Piping Gasketed Joints: Use joining materiatxording to AWWA C900.
Construct joints with elastomeric seals and lulmicaccording to ASTM D 2774 or
ASTM D 3139 and pipe manufacturer's written ingioucs.

2. Dissimilar Materials Piping Joints: Use adaptesmpatible with both piping materials,
with OD, and with system working pressure.

ANCHORAGE INSTALLATION

Anchorage, General: Install water-distributionipgpwith restrained joints. Anchorages and
restrained-joint types that may be used includddhewing:

1. Concrete thrust blocks.
2. Set-screw mechanical retainer glands.

Install anchorages for tees, plugs and caps, berrdsses, valves, and hydrant branches.
Include anchorages for the following piping systems

1. Gasketed-Joint, PVC Water-Service Piping: AccaydmAWWA M23.
2. Fire-Service-Main Piping: According to NFPA 24.

Apply full coat of asphalt or other acceptable osion-resistant material to surfaces of installed
ferrous anchorage devices.

VALVE & VALVE BOX INSTALLATION

AWWA Gate Valves: Comply with AWWA C600 and AWWAM. Install each
underground valve with stem pointing up and witlve@dox.

Corporation Valves and Curb Valves: Install eandarground curb valve with head pointed
up and with service box.

Valve boxes shall be installed at each outsideevaBoxes shall be sufficient length to provide
a cover of not less than two feet over the pipalv¥ boxes shall be set plumb, and placed
directly over the valve. Valve boxes shall be pthon two, 4-inch solid concrete blocks. After

being correctly positioned, each fill shall be d¢allg tamped around the valve box for a

distance of four (4) feet on all sides of the béry box found out of plumb or settled shall be

reset at no cost to the Owner.

FIELD QUALITY CONTROL
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A. Piping Tests: The Contractor shall furnish allipqment, labor, and materials, including water,
pumps, compressors, stopwatch, gauges, and msteqgpeoved by the Project Civil Engineer
for testing. The Project Civil Engineer shall detme the amount of main to be tested at
anyone time and reserves the right to separatiestalation into several test sections. All tests
must be witnessed by the Project Civil EngineeDwamner.

B. Domestic Water Main Hydrostatic Tests: Test atlass than one-and-one-half times working
pressure or 100 psi, whichever is greater, fortwmors.

1. Test Pressure shall:

a. Be of at least two hour duration
b. Not vary by more thatt five psi.

2. Pressurization:

a. Each valved section of pipe shall be filled withtersslowly and the specified test
pressure, based on the elevation of the lowest pbithe line or section under the
test and corrected to the elevation of the tesggalall be applied by means of a
pump connected to the pipe in a manner satisfatbatye Owner.

3. Air Removal:

a. Before applying the specified test pressure, @il die expelled completely from
the pipe, valves and hydrants. If permanent antsy@are not located at all high
points, the Contractor shall install corporatiortk®at such points, so that the air
can be expelled as the line is filled with watédfter all the air has been expelled,
the corporation cocks shall be closed and the pesssure applied. At the
conclusion of the pressure test, all corporatiocksoshall be removed and
plugged, or left in place at the discretion of @wner.

4, Examination:

a. All exposed pipe, fittings, valves, hydrants anihi® shall be examined carefully
during the test. Any damage or defective pipénfis, valves, or hydrants that are
discovered following the pressure test shall beairep or replaced with same
material and the test shall be repeated untilsaissfactory to the Owner.

C. Leakage Test: A leakage test shall be conducteducantly with the pressure test.

a. Leakage Defined:Leakage shall be defined as thetigyaf water that must be
supplied into the newly laid pipe, or at any valvegttion thereof, to maintain
pressure within five psi of the specified test ptee after the air in the pipeline
has been expelled and the pipe has been filledwatker.

b. Allowable Leakage: No pipe installation will be apted if the leakage is greater
than that determined by the following formula:

ND square root of P

7400
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3.10

in which L is the allowable leakage, in gallons peur, N is the number of joints in the
length of pipe line tested; D is the nominal diaeneif the pipe in inches; and P is the
average test pressure during the leakage tesuimdsqoer square inch gage.

Allowable leakage at various pressures is shownTable | (appearing after this
Subsection).

C. When hydrants are in the test section, the tedt bbamade against the closed
hydrant.

d. Should the tests show the main to be defectiveCitvatractor shall remedy such
defects and retest the main as specified abovés prbcedure shall be repeated
until the test requirements are met.

TABLE|
Allowable Leakage per 100 feet of Pipeline* - gph
Avg. Test Nominal Pipe Diameter - Inch
Pressure psi 5 3 4 6 8 10
150 0.19 0.28 0.37 0.55 0.74 0.92
125 0.17 0.25 0.34 0.50 0.67 0.84
100 0.15 0.23 0.30 0.45 0.60 0.75

*For pipe with 18-ft nominal lengths. To obtain the recommended allowable |eakage for
pipe with 20-ft nominal lengths, multiply the leakage calculated from the table by 0.9. If
the pipeline under test contains sections of various diameters, the allowable |eakage will
be the sum of the computed leakage for each size.

Test fire suppression piping according to NFPA 24, directed by the fire suppression
contractor and local authorities

Prepare reports of testing activities.

CLEANING

Clean and disinfect water-distribution piping alofes:

1.

2.

3.

Purge new water-distribution piping systems andspairexisting systems that have been
altered, extended, or repaired before use.

Use purging and disinfecting procedure prescritbedDelaware Department of Health.
Procedure shall be as described in AWWA C651.

If method is not prescribed by authorities haviagsdiction, use procedure described in
AWWA C651 or do as follows:
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Upon completion of water main construction, disgtfmain and appurtenances.
Disinfection shall be done in accordance with AMSWVA C-651, latest edition.
Contractor shall submit a plan of disinfection &mproval by the Architect.

After the applicable retention period, the heatijorinated water shall be flushed
from the main. This water shall be dischargechtdanitary sewer system. Only
after water leaving the main is no higher in chiericoncentration than normal
drinking water, will a discharge to storm drainsdbdewed. Convey flushed water
to discharge point in a closed system.

Affidavits of compliance, certifying the water saleg from the water mains to be
free of coliform bacteria, shall be submitted te #hrchitect. The Contractor is
responsible for requesting tests from the Delaviz@partment of Public Health.
He shall provide written documentation when a sectf mains can be placed in
service.

The Contractor shall place in each length of pipelrants, hydrant branches, and
other appurtenances, a sufficient amount of HTHetabto insure adequate
disinfection treatment of the main after its contiple Tablets shall be fastened to
the inside top of every length of pipe as laid,ngspasket cement known as
“Permatex No. 2.

The Contractor will be held entirely responsible $ecuring a minimum residual
chlorine content of 5 p.p.m. at the extremitiegshaf mains after twenty-four (24)
hours or more contact with the full water pressamehe main.

Water for filling the mains shall be introducedaatelocity of less than one (1)
foot per second in order to permit the HTH or Pknain to completely dissolve
and have a reasonable uniform distribution througkiee mains. It is the intent of
this Specification to require a sufficient amouhtthemical to be equivalent to a
dosage of 50 p.p.m. of chlorine.

After the chlorine has been in contact with themaair storage units for twenty-
four (24) hours or longer, samples collected frbm éxtremities of the mains shall
indicate a residual chlorine content of 5 p.p.mmare.

If less than 5 p.p.m. residual chlorine is indidatidhe system shall be drained and
the disinfection treatment repeated.

If samples collected at the extremities indicatesidual chlorine of 5 p.p.m. or
more, the system shall be flushed until there lg amormal chlorine residual (1.0
p.p.m. or less) present, as determined by the DREIhdd Test. Samples of water
shall be collected from various points along tinegi, by a lab certified in the State
of Delaware for bacteriological analysis. If stttdory bacteriological results are
obtained, the lines may then be allowed to be placeservice. A copy of all test
results shall be submitted to the Architect.

4, Contractor shall provide all disinfection testinghin the lump sum prices bid.
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B.  Prepare reports of purging and disinfecting aégisit

END OF SECTION 221113
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SECTION 221313 - FACILITY SANITARY SEWERS

PART 1 - GENERAL

11

A.

1.2

RELATED DOCUMENTS

Drawings and general provisions of the Contracgluding General and Supplementary
Conditions and Division 01 Specification Sectiomgply to this Section.

SUMMARY

This Section includes gravity-flow, non-pressurnitsasy sewerage outside the building, with the
following components:

1. Pipe Line and Trench Excavation
2. Precast concrete manholes.

3. Pipe

4, cleanouts

The Contractor shall furnish all materials and ksleahstruct the pipe lines and all required
appurtenances at the locations and to the linepgesland elevations shown on the drawings or
designated by the Engineer.

Manholes shall be built at such points on the fiipes and of such form and dimensions as are
shown on the drawings or as may be directed. Masltghall be built as pipe laying progresses
and the Engineer may stop work entirely on thenigyiipe if manhole construction is delayed to
such an extent as to be hazardous to construatitire gublic.

The Contractor shall perform all excavation, bdtkfi grubbing and grading required for
construction and installation of pipelines, struetuand appurtenances. Excavation shall include
removal of pavement, concrete, rock, earth andislebegardless of character. Trenches and
excavations shall be sheeted, shored and bracedth®y Contractor, as necessary to allow
construction and provide safe working conditiortkjigonally, the Contractor shall be responsible
for maintaining a dry excavation by dewatering. dtall also locate, support and protect existing
utilities and structures encountered in the wongvijgle traffic control, dispose of surplus and
unsuitable excavated materials and restore baaifidreas to original condition or as required by
the drawings and specifications. All backfilleddarestored areas shall be maintained by the
Contractor, in a proper condition, for the dumatadf the project.

The Contractor is responsible for direct or indirdamage to existing structures, pipelines,
conduits, poles, wires and utilities of every dggon in the vicinity of his work whether above
or below ground, or that may be encountered inctrear structure excavation. This responsibility
shall include the cost of protection by sheetingclmg, hand excavation, when warranted, and the
expense to repair or replace any existing facdiéygnaged directly or indirectly by construction
activities under this contract, whether such facib or is not shown on the drawings.
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F.

1.3

1.4

1.5

The Contractor shall verify the location, size abelvation of all existing utilities at the various
points of connection and/or crossings prior totstgrany work. Any discrepancies in locations or
elevations shall be brought to the attention of Hmgineer in order that the designs may be
adjusted accordingly. Damages suffered or additioasts incurred by the Contractor as a result
of his failure to conform to the requirements dstharagraph shall be the sole responsibility of
the Contractor. Connections to existing utilitiell be made by the Contractor at such a time
and in such a manner as the Engineer may diregtth@ncost shall be included in the price bid for
pipeline and structures, unless otherwise defindte proposal.
Excavation and backfill, within an area where at&Stagency has jurisdiction, shall be done in
accordance with requirements and provisions of ghanits issued by the agencies for the
construction within their respective rights-of-waySuch requirements and provisions, where
applicable, shall take precedence and supersegedtisions of these specifications.

SUBMITTALS
Product Data: For the following:

1. Special pipe fittings.
Shop Drawings: For the following:

1. Manholes: Include plans, elevations, sectionsildetand frames and covers.

2. Pipe and fittings

3. The Contractor shall submit certifications to thegieer that all pipe, fittings and joints
are as specified herein.

Field quality-control test reports.

QUALITY ASSURANCE
Environmental Compliance: Comply with applicablertppns of local environmental agency
regulations

pertaining to sanitary sewerage systems.

Utility Compliance: Comply with local Municipalitytility company regulations and standards
pertaining to sanitary sewer systems.

DELIVERY, STORAGE, AND HANDLING
Retain first paragraph below for ABS, PVC, or fipass piping.
Do not store plastic manholes, pipe, and fittimgdirect sunlight.
Protect pipe, pipe fittings, and seals from did damage.

Handle manholes according to manufacturer's wriitgging instructions.
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1.6

A.

PROJECT CONDITIONS

Existing Utilities: Locate existing undergroundlities in the areas of work. Call "Miss Utility"
(1-800-282-8555, the Town of Georgetown, and Su§sminty for assistance in locating existing
utilities.  If utilities are to remain in place, guide adequate means of protection during
construction of sanitary sewer system.

If utilities are to remain in place, provide adeguaeans of protection during construction of
sanitary sewer system.

Interruption of Existing Sanitary Sewerage Servi€m not interrupt service to facilities occupied
by Owner or others unless permitted under the iollg conditions and then only after arranged
to provide temporary service according to requineiméndicated:

1. Notify, the Construction Manager, Engineer, and @ener no fewer than 5 days in
advance of proposed interruption of service.

2. Do not proceed with interruption of service withdlié Construction Manager's and the
Owner’s written permission.

Should uncharted or incorrectly charted piping treo utilities be encountered during work,
consult Owner immediately for directions as to pare. Repair damaged utilities that are to
remain in service to satisfaction of the associatgddiction.

PART 2 - PRODUCTS

2.1

A.

2.2

EXCAVATION MATERIALS

No classification of excavated materials will bedma Excavation and trenching work shall
include the removal and subsequent handling ofmallerials excavated or otherwise removed in
performance of the contract work, regardless ofttpe, character, composition, or condition
thereof.

POLYVINYL CHLORIDE PIPE AND FITTINGS

Polyvinyl chloride (PVC) pipe, used for sewer counstion, shall equal or exceed the
requirements of ASTM D 3034 and shall have a mimmsiandard dimension (SDR) ratio of 35
and the minimum pipe stiffness, as tested in aerwe with ASTM D 2412, shall be 45 when
measured under 5 percent deflection at 73 degraleefheit. Pipe shall be manufactured with
integral wall bell and spigot joints in standarddéhs not exceeding 20.0 feet.

All fittings shall have a minimum SDR of 26.

All polyvinyl chloride (PVC) pipe and fittings sHaltilize an elastomeric O-ring gasketed joint
assembled in accordance with the manufacturetsmeendations.
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D.

Polyvinyl chloride wye branches, pipe stoppers atider fittings shall be manufactured in
accordance with the same specifications and shak the same thickness, depth of socket, and
annular space as the pipe. Tee wye fittings watlle permitted for use. Wye branches shall be
complete pipe sections. Saddles will not be péechitor use.

Polyvinyl chloride pipe shall be delivered and &futed in unit pallets. Stacking of pallets above
5 feet in height will not be allowed. If pipe isoskpiled for more than 30 days prior to
installation in the trench, it must be suitably emd with reflective material to protect the pipe
from ultra-violet rays emanating from sunlight. Dwmt use plastic sheets. Allow for air
circulation under covering.

Bowed sections of pipe will be unacceptable anthllaion of pipe which has bowed, whether or
not the bow has been corrected, will not be alloaedhis project.

PART 3 - EXECUTION

3.1

A.

PIPELINE TRENCH EXCAVATION

The Contractor shall excavate, maintain and bddiililexcavation necessary for completing the
work under the contract. Unless otherwise spetifie approved, excavation shall be open cut.
No extra compensation will be allowed for hand ext®@n and backfill necessary to complete the
work or required by the Engineer.

Trenches shall be excavated to the necessary waitthdepth, as shown on the drawings and as
required for the protective sheeting, pull boxds, eNo extra compensation will be allowed for
trenches wider than that detailed on the drawings.

The sides of the trenches shall be practically pland shall not be sloped unless approved in
writing by the Engineer. Trench sides shall bepsuied or sheeted as required to protect utilities,
etc., and required for safety. Safety regulatishall be as required by state safety codes and
OSHA.

In non-paved areas strip surface vegetation andotbmnd place in stock piles which are
separated from the trench excavated materialssdiloghall not be used for general trench refill.

The excavation of all trenches shall be fully coated at least twenty (20) feet in advance of pipe
laying, unless otherwise authorized or directetie Engineer may require the backfilling of open

trench, over completed pipelines, or ahead of the [aying operation, if in his judgement such

action is necessary, and the Contractor shall hawdaim for extra compensation.

Should work be stopped for any reason and any exicawvis left open for an unreasonable length
of time, the Contractor shall refill the excavatiah his own expense if so directed, by the
Engineer or the DOH Inspector. He shall not redenexcavation until he is ready to complete
the facility. Should the Contractor refuse or failrefill any excavation completely within forty-
eight (48) hours or immediately if it poses a safedzard after a proper notice, has been given by
the Engineer or DOH Inspector the Owner shall béhaized to do the work. The resulting
expenses shall be deducted from monies due thed@tmt
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G.

3.2

The Contractor shall complete excavation as neerlgracticable to the lines of the pipeline to be
installed as detailed. All cavities in the bottofthe trench shall be filled to the required level
with compacted crushed stone or gravel.

Excavated materials shall be graded, hauled, stamddprotected as such material found suitable
will be required for backfilling, repaving or othpurposes. Material classified as unsuitable shall
be disposed of by the Contractor at a location @ by the Engineer. Hauling of excavated
materials for any purpose shall not entitle the t€@umtor to additional compensation. Only those
excavated materials designated by the Owner sbeadirhe property of the Contractor.

All stockpiled materials shall be placed in sucay to prevent damage to the trench, structures,
drainage areas or private property. Excavated nakteshall not be placed on private property
unless a temporary easement agreement is obtaoradte property Owner by the Contractor.

The Contractor shall remove, relocate, change atept all structures including but not limited to
signs, mailboxes, overhead and buried utilitiegeggiired for construction whether shown on
drawings or not. No extra compensation will bew#d for property damage, injury or loss of
time due to obstructions encountered not shownlamsp

The Contractor shall be responsible for any damageurb, gutter, sidewalk, traffic control
devices, pavement material and lawns. Any damagelting directly or indirectly shall be
replaced in kind by the Contractor without additibaompensation. The reuse of disturbed curb,
gutter or sidewalk is prohibited. New sectionslidbainstalled to the nearest undisturbed control
joint.

PIPELINE TRENCH BACKFILL

Materials excavated from the trench except topswll be used for trench backfill, provided that,
in the opinion of the Engineer, the excavated netés suitable for this purpose. Backfill
material shall be free from large lumps, pavemgiet;es of concrete and stones.

Suitable material, as approved by the Engineerll &igacarefully deposited in the trench by
methods which will not damage or disturb the pipelor structure, and shall be solidly tamped
around the pipe or structure. Backfill materiahlslbe placed in 8-inch layers. Compaction shall
be accomplished by mechanical tampers. Carelsbaliken in the use of mechanical tampers not
to injure or move the pipe or to cause the pipbdosupported unevenly. Each layer shall be
mechanically tamped for the full trench width usles alternative method is approved in writing
by the Engineer.

Every backfill layer shall be compacted to 95% @amum density at optimum moisture content
as determined by the Modified Proctor Test, ASTM5BA Method C. Materials containing an
excess of moisture shall be permitted to dry uthi@d moisture content is within the specified
range. Materials too dry shall be wetted uniformhtil the moisture content is in the specified
range. Backfilled trench sections which fail toanhdensity requirements three consecutive times
shall be excavated and properly disposed of bCti@ractor.

No compacting shall be done when the material ésvtet to be compacted properly. At such
times the work shall be suspended until the bdckfdterials have dried sufficiently to permit
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3.3

proper compaction or such other precautions stathken as may be necessary to obtain proper
compaction. The Contractor is responsible for ingulstoring and drying of excavated material
to be used in backfill operations within the pritéd.

The Contractor shall coordinate with the ConstarctManager who will hire a geotechnical
testing agency to provide compaction tests of thekfilled trenches during construction or upon
completion of the backfill operations. Field dépgsesting may be performed at a rate of 1 test
per 100 linear feet of trench, at a depth specifigpdhe Engineer. Such testing shall be arranged
by the Contractor and performed by an independssting agency approved by the Engineer.

Whenever test results indicate compaction dendégsthan specified, the Contractor shall, at his
own expense, secure the specified compaction usietipods approved by the Engineer. The
testing agency, so employed by the Contractor] shhmit a copy of all testing reports directly to
the Engineer. Each report shall contain the ptojgentification name and number, name of
Contractor, name of testing agency, and locatibeample tested by station, street and depth, as a
minimum.

The Contractor shall, at his own expense, mainadlimefilled excavations in proper condition.

Trench surfaces shall be reshaped when neceslahe Contractor fails to make repairs within

forty eight (48) hours after receipt of written iwet from the Owner, the Owner may refill said
depression wherever necessary and the cost ofisg @il be retained from any monies due or to
become due the Contractor under the Contract. Cidreractor shall be fully responsible for any
injury or damage that may result from lack of mairgince of any refilled excavation at any time
prior to final acceptance.

All unauthorized excavations made by the Contractball be immediately backfilled in
accordance with the requirements of the specifioatifor trench backfill at the Contractor's
expense.

After completion of backfilling, all material notsad shall be disposed of as approved by the
Engineer, and all places on the line of the wordlishe left clean and in good condition. This
cleaning up shall be done by the Contractor witheta compensation. If he fails to do this
work within a reasonable time after receipt of oetiit will be performed by the Owner, and the
cost will be retained from the monies due the CGartar under the contract.

No backfilling of pipelines will be allowed until @surements of pipe and an inspection has been
performed by the Owner's representative, and theilEEngineer has authorized the backfill. Any
unauthorized backfill of pipelines shall be unc@dby the Contractor at his expense if required
by the Engineer.

EXCAVATION FOR STRUCTURES

Excavate for structures, walls, foundations, fogdinetc., to the depth and width required for
construction and stripping of forms. Structural asation shall consist of the excavation of all
earth, rock boulders, existing concrete and masfmuydations and walls, and all other materials
encountered regardless of type, which the Contracé&y encounter.
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B.

3.4

3.5

Excavated materials shall be segregated as thegxaavated, with the suitable and unsuitable
material and topsoil being piled separately. Ailitable material shall be used for backfill. All
unsuitable material shall be removed, at the Cotuirs expense, and disposed of at a location
approved by the Engineer. No excavated materal bh deposited at any time so as to endanger
partly finished structures either by direct pressuar indirectly by overloading banks contiguous
to the operation.

The Contractor shall be responsible for the cooditf all excavations made by him. All slides
and cave-ins shall be removed without extra congitens at whatever time and under whatever
circumstances they may occur.

All provisions of the sub-section "Pipeline TrengEkcavation" which apply to "Excavation for
Structures" shall be included under this section.

BACKFILL FOR STRUCTURES

Backfill around structures with suitable materiarh the excavation to the original surface grades
or the finished grades shown on the plans or définethe Engineer.

No backfill shall be placed against new concretmasonry structures until properly cured.

Backfill shall be placed in six (6) inch layers andmpacted by mechanical tampers. Compaction
shall conform with the requirements for compactdneady set forth in this specification.

The Contractor shall exercise caution in backfilll@ompaction to prevent damage to structures.

DEWATERING

All excavations must be kept free of water below gBubgrade of the work while work is in

progress. This may be accomplished by ordinarygimgnmethods or by well points, whichever
will produce the required results. Upon removaldefvatering equipment, the Contractor shall
backfill all holes and restore disturbed areahéirtoriginal condition.

Dewatering for the structures and pipelines shammence when groundwater is first
encountered and shall be continued until such éimeackfill has been completed. No concrete or
pipe shall be laid in water nor shall water bewaéld to rise over them until the concrete or mortar
has set at least eight (8) hours. Groundwatet sbhaibe allowed to rise around the pipe until the
trench is backfilled.

The Contractor shall dispose of the water fromwogk in a suitable manner without damage to
adjacent property. No water shall be drained wmbok built or under construction without prior
consent of the Engineer. Water shall be dispo$éd such a manner as not to damage property
or be a menace to the Public Health.

In the event the Contractor's dewatering operataffect any water supplies within the project
area, the Contractor shall take whatever stepsateatequired to provide uninterrupted water
service.
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E.

3.6

3.7

3.8

The Contractor shall remove any siltation depogitstorm sewer systems, resulting from his
dewatering or construction operations. He shalb &le responsible for conveyance of dewatering
flows and for erosion and sediment control.

SHEETING, SHORING AND BRACING

The contractor shall furnish and install all shegtishoring and bracing necessary to insure safe
working conditions and to prevent damage to pudatid private property and structures. If, in the
opinion of the Engineer, the sheeting, shorindyracing is not of proper quality or is not properly
placed to insure safe working conditions and tovgmé property damage, the Contractor shall
remedy such inadequacy at his own expense as malrréeed by the Engineer. Sheeting,
shoring, and bracing shall be removed as bacldilpnogresses, except at such locations as the
Engineer may direct or approve it to be left incela

The condition of all excavations made by the Cattma shall be the responsibility of the
Contractor. No extra compensation will be alloviedproperty damage, injury or loss of time,
due to excavation slides or cave-ins at any tindeuany circumstances.

The Contractor shall cut off any sheeting left iace, at least eighteen (18) inches below finished
grade, and shall remove the material cut off withmmmpensation.

Where necessary, in quicksand, soft ground, ortHerprotection of any structure or property,
sheeting shall be driven to such depth below thiboof the trench as may be required to protect
all existing and/or proposed work.

The cost for furnishing, placing and removal ofeth, shoring or bracing shall be included in
the prices bid.

A trench box is an acceptable alternative to shgeshoring or bracing providing such boxes
conform to safety codes.

SELECT BACKFILL

Should the Contractor encounter unsuitable matehiming excavation, he shall remove and
dispose of such material at a location approvethbyEngineer. The cost of such disposal shall
be included in the prices bid for pipe and struesur

Should sufficient suitable material from excavasian the project not be available for backfill,
the Contractor shall furnish Select Backfill upgpeoval of the Engineer. Special backfill shall
conform to Delaware Department of Transportatiaan8ard Specifications.

PIPE INSTALLATION

Pipe and fittings shall be carefully handled andded into the trench. Special care shall be
taken to insure that each length shall abut ag#ieshext in such a manner that there shall be no
shoulder or unevenness of any kind along the insidiee pipe.
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B.

3.9

3.10

Before pipe is placed, the bottom of the trenchl sfeacarefully shaped to fit the lower part of the
pipe exterior with reasonable closeness for widthtdeast 60% of the pipe width. Bell holes
shall be dug sufficiently large to insure the makof proper joints and so that after placement,
only the barrel of the pipe receives bearing pnesfwm the trench bottom. No pipe shall be
brought into position until the preceding lengtls leeen thoroughly bedded and secure in place.
Any defects due to settlement shall be made goodthey Contractor without additional
compensation therefore.

Proper and suitable tools and appliances for tfe @ad convenient handling and laying of pipe
shall be used.

Whenever a pipe requires cutting to fit into threlor to bring it to the required location, the kvor
shall be done in a satisfactory manner so as t@lasmooth end.

The pipes shall be thoroughly cleaned before theylaid and shall be kept clean until the
acceptance of the completed work. The open enddl gfipe lines shall be provided with a
stopper carefully fitted so as to keep dirt andeoubstances from entering. This stopper shall be
kept in the end of the pipe line at all times wikagnng is not in actual progress.

All concrete required to support and reinforce viyanches, bends and other fittings shall be
placed as directed, and the cost thereof shatiddleded and covered within the price bid.

Backfill materials shall be hand placed and medslyi tamped in six inch layers, placed
uniformly on both sides of the pipe, to a pointeatst one foot above the pipe crown. Each layer
shall be thoroughly compacted for the full trendhlttv and under, around and over the pipe.

Pipeline detectable tape shall be installed contisly along all sewer mains. The tape shall be
installed directly above the pipe and 12 inchesnfrihe ground surface. The tape shall be
Lineguard type Il Detectable tape as manufactungd.ineguard, Inc. of Wheaton, lllinois or
equal. The tape shall be a minimum of two inchéewimprinted in green with the words
"CAUTION -- SEWER LINE BELOW" and be capable of bgidetected with inductive methods.

For refill of the remaining trench depth, refer "texcavation and Backfill' Section of these
specifications.

Pipe installation shall be achieved at the elemnstidentified on the contract drawings.

LAYING PIPE IN FREEZING WEATHER

No pipe shall be laid upon a foundation into whic¥st has penetrated, nor at any time when the
Engineer shall deem that there is danger of thedton of ice or the penetration of frost at the

bottom of the excavation unless all required prdoas as to the minimum length of open trench

and promptness of backfilling are observed.

ARTIFICIAL FOUNDATION
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A.

3.11

3.12

Whenever directed, the Contractor shall lay piperugn artificial foundation which he shall
construct. Such foundation may consist of grasiélf, planks, or other timber construction, or of
concrete; all to be of the form and dimensions@aded in the manner required by the Engineer.

PIPE TESTING
GENERAL

1. Contractor shall furnish all labor, tools, matesjahnd equipment, including mirrors,
flashlights or other artificial lighting, pump, cqmessors, stopwatch, gauges, and meters,
subject to the approval of the Engineer for testingccordance with these specifications.

LEAK TESTING USING AIR

1. Sewers shall be tested in sections not exceediget unless otherwise approved by
the Engineer. Each section shall be tested imrtedgiapon completion thereof. Each
section shall meet the air pressure drop limitatigpecified herein.

2. All material and labor required for leakage tedtsllsbe furnished by the Contractor
within the price bid.

3. Sewers shall be tested using the low-pressure aithad in accordance with the
requirements of ASTM C-828 and the Uni-Bell Plastieipe Association
recommendations, based upon the Ramseier testtiteda. Procedural and equipment
details shall be submitted to the Engineer pricadoeptance of its use for testing.

4, If the test time for the designated size and lengipses before the test pressure drops
0.5 psig, the section undergoing the test shak passed.

5. If the pressure drops 0.5 psig before the apprigptést time has elapsed, the air loss rate
shall be considered excessive and the sectiorpeflps failed the test. Contractor shall
determine at his own expense the source or sowfcesakage and he shall repair or
replace all defective materials and/or workmanghighe satisfaction of the Engineer.
The completed pipe installation shall then be tetksand required to meet the
requirements of this test.

DEFECTS TO BE MADE GOOD

If, at any time before the expiration of the guaeanperiod under this contract, any broken pipe,
or any other defects are found in any of the lioetn any of the appurtenances, the Contractor
shall cause the same to be removed and replacén pyoper material and workmanship, without
extra compensation for the labor and material regiieven though such injury or damage may
not have been due to any act, default, or negligemcthe part of the Contractor. All materials
shall be carefully examined by the Contractor fefedts prior to installation, and any found
defective shall be rejected for use.
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END OF SECTION 221313
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SECTION 221500

GENERAL-SERVICE COMPRESSED-AIR SYSTEMS

PART 1 GENERAL
1.01 SECTION INCLUDES

A.
B.

Pipe and Pipe Fittings.

Pressure reducing station.

1.02 RELATED REQUIREMENTS

A.
B
C.
D

E.

Section 03 30 00 - Cast-in-Place Concrete.
Section 07 84 00 - Firestopping.
Section 22 05 48 - Vibration and Seismic Controls for Plumbing Piping and Equipment.

Section 22 05 53 - Identification for Plumbing Piping and Equipment: Identification of piping
system.

Section 26 27 17 - Equipment Wiring: Electrical characteristics and wiring connections.

1.03 REFERENCE STANDARDS

A.

ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The
American Saciety of Mechanical Engineers; 2001 (R2010).

ASME B31.1 - Power Piping; The American Society of Mechanical Engineers; 2010
(ANSI/ASME B31.1).

ASTM B32 - Standard Specification for Solder Metal; 2008.
ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2009.

MSS SP-110 - Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends;
Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.; 2010.

1.04 SUBMITTALS

A.
B.

See Section 01 30 00 - Administrative Requirements, for submittal procedures.

Product Data:  Provide manufacturers catalog literature with capacity, weight, and electrical
characteristics and connection requirements.

Shop Drawings. Indicate piping system schematic with electrical characteristics and
connection requirements.

Manufacturer's Instructions:  Indicate manufacturer's installation instructions, hoisting and
setting requirements, starting procedures.

Project Record Documents.  Record actua |ocations of equipment and components. Modify
shop drawings to indicate final locations.

Maintenance Data: Submit for air compressor, air receiver and accessories, after cooler,
refrigerated air dryer, and pressure reducing station.

Warranty: Submit manufacturer warranty and ensure forms have been completed in Delaware
Technical Community College's name and registered with manufacturer.
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1.05 QUALITY ASSURANCE

A. Manufacturer Qualifications: Company specializing in manufacturing the type of products
specified in this section, with minimum three years of documented experience.

B. PressureVessels: Conform to applicable code for installation of pressure vessels.

C. Products Requiring Electrical Connection: Listed and classified by Underwriters Laboratories
Inc. as suitable for the purpose specified and indicated.

1.06 DELIVERY, STORAGE, AND HANDLING

A. Accept air compressors, refrigerated air dryer on site in factory fabricated containers with
shipping skids and plastic pipe end protectorsin place. Inspect for damage.

B. Protect piping and equipment from weather and construction traffic.
1.07 WARRANTY
A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements.
B. Providefive year manufacturer warranty for reciprocating air compressors.
PART 2 PRODUCTS
2.01 PIPE AND PIPE FITTINGS

A. Copper Tube: ASTM B88 (ASTM B88M), Type K (A), drawn.
1. Fittingss ASME B16.18, cast copper alloy or ASME B16.22, wrought copper and bronze.
2. Joints. ASTM B32, solder, Grade Sn95.

2.02 VALVES

A. Ball Valves:
1. Manufacturers:
a WattsModel B6001-SS-OVLH.
b. Apollo Model 70-24X-47.
2. MSSSP-110, Class 150, 400 psi (2760 kPa) CWP, bronze, two piece body, chrome plated
brass ball, regular port, teflon seats and stuffing box ring, blow-out proof stem, lever
handle with balancing stops, solder ends with union.

B. Air Outlets:
1. Quick Connector: 3/8inch (10 mm) brass, snap on connector with self closing valve,
Style A.
2.03 UNIONS AND COUPLINGS
A. Unions:

1. Copper Tubeand Pipe: 150 psi (1034 kPa) bronze unions with soldered joints.

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

2.04 PRESSURE REDUCING VALVE

A. Vave Capacity: Reduce pressure from 200 psi (1379 kPa) to 30 psi (207 kPa), adjustable
upwards from reduced pressure.

PART 3 EXECUTION
3.01 INSTALLATION
GENERAL-SERVICE COMPRESSED-AIR SYSTEMS
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A. Install equipment in accordance with manufacturer's instructions.

Install compressor unit on concrete housekeeping pad. Refer to Section 03 30 00.

Make air cock and drain connection on horizontal casing.

Install line size gate valve and check valve on compressor discharge.

Install replaceable cartridge type filter silencer of adequate capacity for each compressor.
Place shut off valve on water inlet to aftercooler. Pipedrain to floor drain.

Connect condensate drains to nearest floor drain.

I O0TmMMmMmOO®

Install compressed air couplings and female quick connectors where outlets are indicated.

Identify piping system and components. Refer to Section 22 05 53.
3.02 FIELD QUALITY CONTROL

A. Compressed Air Piping Leak Test: Prior to initial operation, clean and test compressed air
piping in accordance with ASME B31.1.

B. Repair or replace compressed air piping as required to eliminate |eaks, and retest to demonstrate
compliance.

C. Capand seal ends of piping when not connected to mechanical equipment.

END OF SECTION
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SECTION 22 30 00

PLUMBING EQUIPMENT
PART 1 GENERAL
1.01 SECTION INCLUDES
A. Water heaters.

B. Pumps.
1. Circulators.

1.02 RELATED REQUIREMENTS
A. Section 26 27 17 - Equipment Wiring: Electrical characteristics and wiring connections.
1.03 REFERENCE STANDARDS

A. ANSI Z21.10.1 - Gas Water Heaters - Volume | - Storage Water Heaters with Input Ratings of
75,000 Btu per Hour or Less; 2009.

B. ANSI Z21.10.3 - Gas Water Heaters - Volume 11 - Storage Water Heaters with Input Ratings
Above 75,000 Btu per Hour, Circulating and Instantaneous Water Heaters; 2008.

C. UL 174 - Standard for Household Electric Storage Tank Water Heaters; Underwriters
Laboratories Inc.; Current Edition, Including All Revisions.

D. UL 1453 - Standard for Electric Booster and Commercial Storage Tank Water Heaters;
Underwriters Laboratories Inc.; Current Edition, Including All Revisions.

1.04 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. Product Data:
1. Provide dimension drawings of water heaters indicating components and connections to
other equipment and piping.
2. Indicate pump type, capacity, power requirements.
3. Provide certified pump curves showing pump performance characteristics with pump and
system operating point plotted. Include NPSH curve when applicable.
4. Provide electrical characteristics and connection requirements.

C. Shop Drawings:
1. Indicate dimensions of tanks, tank lining methods, anchors, attachments, lifting points,
tappings, and drains.

D. Operation and Maintenance Data:  Include operation, maintenance, and inspection data,
replacement part numbers and availability, and service depot |ocation and telephone number.

E. Waranty: Submit manufacturer warranty and ensure forms have been completed in Delaware
Technical Community College's name and registered with manufacturer.

F. Maintenance Materials. Furnish the following for Delaware Technical Community College's
use in maintenance of project.
1. See Section 01 60 00 - Product Requirements, for additional provisions.
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1.05 QUALITY ASSURANCE

A.

B.

C.

Manufacturer Qualifications: Company specializing in manufacturing the type of products
specified in this section, with minimum three years of documented experience.

Identification: Provide pumps with manufacturer's name, model number, and rating/capacity
identified by permanently attached label.

Performance: Ensure pumps operate at specified system fluid temperatures without vapor
binding and cavitation, are non-overloading in parallel or individual operation, operate within
25 percent of midpoint of published maximum efficiency curve.

1.06 CERTIFICATIONS

A.

B.
C.

Gas Water Heaters:  Certified by CSA International to ANSI Z21.10.1 or ANSI 221.10.3, as
applicable, in addition to requirements specified el sewhere.

Electric Water Heaters: UL listed and labeled to UL 174 or UL 1453.

Products Requiring Electrical Connection: Listed and classified by Underwriters Laboratories
Inc., as suitable for the purpose specified and indicated.

1.07 DELIVERY, STORAGE, AND HANDLING

A.

Provide temporary inlet and outlet caps. Maintain capsin place until installation.

1.08 WARRANTY

A.

Provide five year manufacturer warranty for domestic water heaters.

PART 2 PRODUCTS
2.01 WATER HEATER MANUFACTURERS

o0 w>»

E.

A.O. Smith Water Products Co:  www.hotwater.com.

Bock Water Heaters, Inc:  www.bockwaterheaters.com.
Rheem Manufacturing Company: www.rheem.com.
Bradford White.

Substitutions: See Section 01 60 00 - Product Requirements.

2.02 COMMERCIAL GASFIRED WATER HEATERS

A.

B.

Type: Automatic, propane-fired, vertical storage.

Tank: Glass lined welded steel ASME labeled; multiple flue passages, 4 inch (100 mm)
diameter ingpection port, thermally insulated with minimum 2 inches (50 mm) glass fiber,
encased in corrosion-resistant steel jacket; baked-on enamel finish; floor shield and legs.

Tank: Glasslined welded steel ASME labelled; multiple flue passages, 4 inch (100 mm)
diameter inspection port, thermally insulated with minimum 2 inches (50 mm) glass fiber,
encased in corrosion-resistant steel jacket; baked-on enamel finish; floor shield and legs.

Accessories.  Provide:

1. Water Connections. Brass.
2. Diptube: Brass.

3. DrainVave.
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E.

4. Anode: Magnesium.

Controls:  Automatic water thermostat with temperature range adjustable from 120 to 180
degrees F (49 to 82 degrees C), automatic reset high temperature limiting thermostat factory set
at 195 degrees F (90 degrees C), gas pressure regulator, multi-ribbon or tubular burner, 100
percent safety shut-off pilot and thermocouple, flue baffle and draft hood.

2.03 IN-LINE CIRCULATOR PUMPS

A.

C
D.
E

F.

Manufacturers:

1. Armstrong RumpsInc: www.armstrongpumps.com.

2. ITT Bell & Gossett:  www.bellgossett.com.

3. SIHI Goup: www.sterlingsihi.com.

4. Substitutions: See Section 01 60 00 - Product Requirements.

Casing: Bronze, rated for 125 psig (860 kPa) working pressure, with stainless steel rotor
assembly.

Impeller: Bronze.
Shaft: Alloy steel with integral thrust collar and two oil lubricated bronze sleeve bearings.
Seal: Carbon rotating against a stationary ceramic seat.

Drive: Flexible coupling.

PART 3 EXECUTION
3.01 INSTALLATION

A.

Install plumbing equipment in accordance with manufacturer's instructions, as required by code,
and complying with conditions of certification, if any.

Coordinate with plumbing piping and related fuel piping work to achieve operating system.

Domestic Water Heat Exchangers:
1. Piperelief valvesand drains to nearest floor drain.

Domestic Water Storage Tanks:
1. Provide sted pipe support, independent of building structural framing members.
2. Clean and flush after installation. Seal until pipe connections are made.

Pumps:
1. Ensure pumps operate at specified system fluid temperatures without vapor binding and

cavitation, are non-overloading in parallel or individual operation, and operate within 25
percent of midpoint of published maximum efficiency curve.

END OF SECTION
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SECTION 2240 00

PLUMBING FIXTURES

PART 1 GENERAL
1.01 SECTION INCLUDES

E.

o0 ® >

Water closets.
Urinds.

Lavatories.

Electric water coolers.

Drinking fountains.

1.02 RELATED REQUIREMENTS

A.
B.

Section 22 10 05 - Plumbing Piping.
Section 22 10 06 - Plumbing Piping Specialties.

1.03 REFERENCE STANDARDS

A.

C.

D.

ASHRAE Std 18 - Methods of Testing for Rating Drinking-Water Coolers with Self-Contained
Mechanical Refrigeration; 2006.

ASME A112.6.1M - Supports for Off-the-Floor Plumbing Fixtures for Public Use; The
American Saciety of Mechanical Engineers; 1997 (Reaffirmed 2002).

ASME A112.18.1 - Plumbing Supply Fittings; The American Society of Mechanical Engineers,
2011.

ASME A112.19.2 - Vitreous China Plumbing Fixtures and Hydraulic Requirements for Water
Closets and Urinals; The American Society of Mechanical Engineers; 2008.

1.04 SUBMITTALS

A.
B.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Product Data: Provide catalog illustrations of fixtures, sizes, rough-in dimensions, utility sizes,
trim, and finishes.

Manufacturer's Instructions:  Indicate installation methods and procedures.
Maintenance Data:  Include fixture trim exploded view and replacement parts lists.

Warranty: Submit manufacturer warranty and ensure forms have been completed in Delaware
Technical Community College's name and registered with manufacturer.

1.05 QUALITY ASSURANCE

A.

Manufacturer Qualifications: Company specializing in manufacturing the type of products
specified in this section, with minimum three years of documented experience.

1.06 REGULATORY REQUIREMENTS

A.

Products Requiring Electrical Connection: Listed and classified by Underwriters Laboratories
Inc., as suitable for the purpose specified and indicated.

1.07 DELIVERY, STORAGE, AND HANDLING
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A. Accept fixtureson site in factory packaging. Inspect for damage.

B. Protect instaled fixtures from damage by securing areas and by |leaving factory packaging in
place to protect fixtures and prevent use.

1.08 WARRANTY
A. Providefive year manufacturer warranty for electric water cooler.
PART 2 PRODUCTS
2.01 FLUSH VALVE WATER CLOSETS
A. Water Closets: Vitreous china, ASME A112.19.2, wall hung, siphon jet flush action, china bolt

caps.

1. FlushVolume: 1.6 gallon (6 liters), maximum.
2. FlushVave: Exposed (top spud).

3. Fush Operation: Manual, oscillating handle.
4, Handle Height: 44 inches (1117 mm) or less.
5. Manufacturers:

a American Standard Inc:  www.americanstandard.com.

b. Kohler Gompany: www.kohler.com.

c. ZurnIndustries, Inc: www.zurn.com.

d. Toto: www.totousa.com

€. Subdtitutions: See Section 01 60 00 - Product Requirements.

B. FlushVaves. ASME A112.18.1, diaphragm type, complete with vacuum breaker stops and
accessories.
1. Exposed Type: Chrome plated, escutcheon, integral screwdriver stop.

C. Seats
1. Manufacturers:
a  BemisManufacturing Gompany: www.bemismfg.com.
b. Church Seat Company: www.churchseats.com.
Cc. Zurn Industries, Inc: www.zurn.com.
d. Substitutions: See Section 01 60 00 - Product Requirements.

D. Water Closet Carriers:
1. Manufacturers:
a JOSAM Company: Www.josam.com.
b. ZurnlIndustries, Inc: www.zurn.com.
C. Subgtitutions: See Section 01 60 00 - Product Requirements.
2. ASME A112.6.1M; adjustable cast iron frame, integral drain hub and vent, adjustable
spud, lugs for floor and wall attachment, threaded fixture studs with nuts and washers.

2.02 WALL HUNG URINALS

A. Urinals. Vitreouschina, ASME A112.19.2, wall hung with side shields and concealed carrier.
1. FlushVolume: 1.0 gallon (3.7 liters), maximum.
2. FlushVave: Exposed (top spud).
3. Flush Operation: Sensor operated.
4., Trap: Integral.

B. FlushVaves. ASME A112.18.1, diaphragm type, complete with vacuum breaker stops and
accessories.
1. Sensor-Operated Type: Solenoid operator, low voltage hard-wired, infrared sensor and
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over-ride push button.
2. Exposed Type: Chrome plated, escutcheon, integral screwdriver stop.

2.03 LAVATORIES

A. Lavatory Manufacturers:
1. American Standard Inc: www.americanstandard.com.
2. Kohler Gompany: www.kohler.com.
3. Zurn Industries, Inc:  www.zurn.com.
4. Subgtitutions: See Section 01 60 00 - Product Reguirements.

B. Vitreous ChinaWall Hung Basin:. ASME A112.19.2; vitreous chinawall hung lavatory,
rectangular basin with splash lip, front overflow, and soap depression.

C. Sensor Operated Faucet: Cast brass, chrome plated, deck mounted with sensor located on neck
of spout.
1. Spout Style: Standard.
2. Power Supply: 24 VAC.
a. Cord and plug.
b. For 24V applications, provide transformer.
Mixing Valve: None, single line for tempered water.
Water Supply: 3/8 inch (9 mm) compression connections.
Aerator: Vanda resistant, 0.5 GPM (1.89 LPM), laminar flow device.
Automatic Shut-off: 30 seconds.
Sensor range: Factory set at a minimum of 3 inch (76 mm) adjustable up to 24 inch (610
mm).
Sensor range: Automatically adjusts.
a.  Accessory: Optional remote reprogrammer modul e to adjust pre-set factory functions.
9. Finish: Polished chrome.
10. Sensor Operated Faucet Manufacturers:
American Standard, Inc:  www.americanstandard-us.com.
The Chicago Faucet Company: www.chicagofaucets.com.
Moen Incorporated: www.moen.com.
Sloan Valve Gompany: www.sloanvalve.com.
Substitutions: See Section 01 60 00 - Product Requirements.

D. Accessories:
1. Offset waste with perforated open strainer.
2. Carrier:
a Manufacturers:
1) JOSAM Company: Www.josam.com.
2) ZurnIndustries, Inc:  www.zurn.com.
3) Substitutions: See Section 01 60 00 - Product Reguirements.
b. ASMEA112.6.1M; cast iron and steel frame with tubular legs, lugs for floor and wall
attachment, concealed arm supports, bearing plate and studs.

2.04 ELECTRIC WATER COOLERS

A. Electric Water Cooler Manufacturers:
1. Tri Pam International/Oasis.  www.tripal mint.com.
2. Elkay Manufacturing Company: www.elkay.com.
3. Haws Qorporation: www.hawsco.com.
4. Subgtitutions: See Section 01 60 00 - Product Reguirements.
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B. Water Cooler: Electric, mechanicaly refrigerated; surface handicapped mounted; stainless
steel top, vinyl on steel body, elevated anti-squirt bubbler with stream guard, automatic stream
regulator, push button, mounting bracket; integral air cooled condenser and stainless steel grille.
1. Capacity: 8 gallons per minute (30.3 liters per minute) of 50 degrees F (10 degrees C)
water with inlet at 80 degrees F (27 degrees C) and room temperature of 90 degrees F (32
degrees C), when tested in accordance with ASHRAE Std 18.

2. Electricd: 115V, 60 Hertz compressor, 3 foot (1 m) cord and plug for connection to
electric wiring system including grounding connector.

PART 3 EXECUTION

3.01 EXAMINATION
A. Veify that walls and floor finishes are prepared and ready for installation of fixtures.
B. Verify that electric power is available and of the correct characteristics.

C. Confirmthat millwork is constructed with adequate provision for the installation of counter top
lavatories and sinks.

3.02 PREPARATION

A. Rough-in fixture piping connections in accordance with minimum sizes indicated in fixture
rough-in schedule for particular fixtures.

3.03 INSTALLATION
A. Install each fixture with trap, easily removable for servicing and cleaning.

B. Provide chrome plated rigid or flexible supplies to fixtures with loose key stops, reducers, and
escutcheons.

C. Instal componentslevel and plumb.
Install and secure fixturesin place with wall supports and bolts.

E. Seal fixturesto wall and floor surfaces with sealant as specified in Section 07 90 05, color to
match fixture.

3.04 ADJUSTING

A. Adjust stopsor valves for intended water flow rate to fixtures without splashing, noise, or
overflow.

3.05 CLEANING
A. Clean plumbing fixtures and equipment.

3.06 PROTECTION
A. Protect installed products from damage due to subsequent construction operations.
B. Repair or replace damaged products before Date of Substantial Completion.

3.07 SCHEDULES

A. Fixture Heights: Install fixturesto heights above finished floor asindicated.
1. Water Closet:
a  Standard: 15inches (380 mm) to top of bowl rim.
b. Accessible: 18inches (455 mm) to top of seat.
2. Water Closet Flush Valves:
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a  Standard: 11 inches (280 mm) min. above bowl rim.

3. Urina:
a.  Standard: 22 inches (560 mm) to top of bowl rim.
b. Accessible 17 inches (430 mm) to top of bowl rim.
4, Lavatory:

a.  Accessble: 34 inches (865 mm) to top of basin rim.

5. Drinking Fountain:
a Accesshle: 36 inches (915 mm) to top of spout.

END OF SECTION
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SECTION 23 05 48

VIBRATION AND SEISMIC CONTROLSFOR HVAC PIPING AND EQUIPMENT

PART 1 GENERAL
1.01 SECTION INCLUDES

o w >

D.

Equipment support bases.
Vibration isolators.
Roof curbs.

Vibration isolators.

1.02 RELATED REQUIREMENTS

A.

Section 03 30 00 - Cast-in-Place Concrete.

1.03 REFERENCE STANDARDS

A.
B.

C.

ASCE 7 - Minimum Design Loads for Buildings and Other Structures; 2011.

ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications; American Society of
Heating, Refrigerating and Air-Conditioning Engineers, Inc.; 2011.

IAS AC172 - Accreditation Criteriafor Fabricator Inspection Programs for Structural Steel;
International Accreditation Service, Inc.; 2011.

1.04 SUBMITTALS

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Product Data:

1. Provide manufacturer's product literature documenting compliance with PART 2
PRODUCTS.

2. Include seismic rating documentation for each isolator and restraint component accounting
for horizontal, vertical, and combined |oads.

Shop Drawings:
1. Provide schedule of vibration isolator type with location and load on each.

Product Data:  Provide schedule of vibration isolator type with location and load on each.

Shop Drawings. Indicate inertia bases and locate vibration isolators, with static and dynamic
load on each. Indicate seismic control measures.

Manufacturer's Instructions:  Indicate installation instructions with special procedures and
setting dimensions.

1.05 QUALITY ASSURANCE

A.
B.

Perform design and installation in accordance with applicable codes.

Manufacturer Qualifications: Company specializing in manufacturing products specified in
this section, with not less than three years of documented experience.

PART 2 PRODUCTS
2.01 MANUFACTURERS

VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT
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A.
B.
C.
D.

Isolation Technology, Inc:  www.isolationtech.com.

Kinetics Noise Control, Inc:  www.kineticsnoise.com.

Mason Industries:  www.mason-ind.com.
Substitutions:  See Section 01 60 00 - Product Reguirements.
2.02 PERFORMANCE REQUIREMENTS

A. Generd:

1

2.
3.

All vibration isolators, base frames and inertia bases to conform to al uniform deflection
and stability requirements under all operating loads.

Steel springs to function without undue stress or overloading.

All equipment mounted on vibration isolated bases to have minimum operating clearance
of 2inches (50 mm) between the base and floor or support beneath unless noted
otherwise.

2.03 VIBRATION ISOLATORS
A. Non-Seismic Type:

1

All Elastomeric-Fiber Glass Pads:

a.  Configuration: Flat or molded.

b. Thickness: 0.25inch (6 mm) minimum.

c. Assembly: Singleor multiple layers using bonded, galvanized sheet metal separation
plate between each layer with load plate providing evenly distributed load over pad
surface.

Steel Springs:

a. Assembly: Freestanding, laterally stable without housing.

b. LeveingDevice: Rigidly connected to equipment or frame.

Restrained Steel Springs:

a. Housing: Rigid blocking during rigging prevents equipment installed and operating
height from changing during temporary weight reduction.

b. Equipment Wind Loading: Adequate means for fastening isolator top to equipment
and isolator base plate to supporting structure.

Spring Hanger:

a. Housing: Sted construction containing stable steel spring and integral elastomeric
element preventing metal to metal contact.

b. Bottom Opening: Sized to allow plus/minus 15 degrees rod misalignment.

Combination Elastomeric-Spring Hanger:

a.  Housing: Steel construction containing stable stedl spring with elastomeric element
in seriesisolating upper connection of hanger box to building structure.

b. Bottom Opening: Sized to allow plus/minus 15 degrees rod misalignment.

2.04 VIBRATION ISOLATORS

A.

Restrained Open Spring Isolators:

1

2.

3.

4.

Springs:  Minimum horizontal stiffness equal to 75 percent vertical stiffness, with working
deflection between 0.3 and 0.6 of maximum deflection. Color code springs for load
carrying capacity.

Spring Mounts:  Provide with leveling devices, minimum 0.25 inch (6 mm) thick neoprene
sound pads, and zinc chromate plated hardware.

Sound Pads: Size for minimum deflection of 0.05 inch (1.2 mm); meet requirements for
neoprene pad isolators.

Restraint: Provide heavy mounting frame and limit stops.

VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT
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B.

C.

5. For Exterior and Humid Areas: Hot dipped galvanized housings and neoprene coated
springs.

Spring Hangers:

1. Springs: Minimum horizonta stiffhess equal to 75 percent vertica stiffness, with working
deflection between 0.3 and 0.6 of maximum deflection. Color code springs for load
carrying capacity.

2. Housings: Incorporate neopreneisolation pad meeting requirements for neoprene pad
isolators.

3. Misdlignment: Capable of 20 degree hanger rod misalignment.

4. For Exterior and Humid Areas. Hot dipped galvanized housings and neoprene coated

springs.

Neoprene Pad Isolators:
1. Rubber or neoprene waffle pads.
a.  Hardness. 30 durometer.
b. Thickness: Minimum 1/2 inch (13 mm).
c. Maximum Loading: 50 psi (345 kPa).
d. RibHeight: Maximum 0.7 times width.
2. Configuration: Singlelayer.

PART 3 EXECUTION
3.01 INSTALLATION - GENERAL

A.
B.
C.

Install in accordance with manufacturer's instructions.
On closed spring isolators, adjust so side stabilizers are clear under normal operating conditions.

Prior to making piping connections to equipment with operating weights substantially different
from installed weights, block up equipment with temporary shimsto final height. When full
load is applied, adjust isolators to load to allow shim removal.

Provide seismic snubbers for al equipment, piping, and ductwork mounted on isolators. Each
inertia base shall have minimum of four seismic snubberslocated closeto isolators. Snub
equipment designated for post-disaster use to 0.05 inch (1.5 mm) maximum clearance. Other
snubbers shall have clearance between 0.15 inch (4 mm) and 0.25 inch (7 mm).

3.02 FIELD QUALITY CONTROL

A.

Inspect isolated equipment after installation and submit report. Include static deflections.

3.03 SCHEDULE

A.

Pipe Isolation Schedule.

1 Inch (25 mm) Pipe Size: |solate 120 diameters from equipment.
2 Inch (50 mm) Pipe Size: |solate 90 diameters from equipment.
3 Inch (80 mm) Pipe Size: Isolate 80 diameters from equipment.
4 Inch (100 mm) Pipe Size: Isolate 75 diameters from equipment.
6 Inch (150 mm) Pipe Size: Isolate 60 diameters from equipment.

gD E

Equipment Isolation Schedule.
1. Air Cooled Condensing Units.
a. Isolator Type: Neoprene Pad Isolators
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END OF SECTION
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SECTION 230553

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 GENERAL
1.01 SECTION INCLUDES

D.

o w >

Namepl ates.
Tags.

Pipe Markers.
Ceiling Tacks

1.02 REFERENCE STANDARDS

A.

ASME A13.1 - Scheme for the Identification of Piping Systems; The American Society of
Mechanical Engineers; 2007.

1.03 SUBMITTALS

A.
B.

C.

D.
E.

F.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

List: Submit list of wording, symbols, letter size, and color coding for mechanical
identification.

Chart and Schedule:  Submit valve chart and schedule, including valve tag number, location,
function, and valve manufacturer's name and model number.

Product Data:  Provide manufacturers catalog literature for each product required.
Manufacturer's Installation Instructions:  Indicate special procedures, and installation.

Project Record Documents.  Record actua locations of tagged valves.

PART 2 PRODUCTS
2.01 IDENTIFICATION APPLICATIONS

A.

l.
J.

I OMmMOO W

Air Handling Units: Nameplates.

Air Terminal Units. Tags.

Control Panels: Nameplates.

Heat Transfer Equipment: Nameplates.

Major Control Components: Nameplates.

Piping: Tags.

Pumps: Nameplates.

Tanks: Nameplates.

Vaves: Tagsand ceiling tacks where located above lay-in ceiling.
Water Treatment Devices: Nameplates.

2.02 MANUFACTURERS

A.

Brady Qorporation: www.bradycorp.com.

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
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B. Champion America, Inc:  www.Champion-America.com.

C. Seton Identification Products: www.seton.com/aec.

D. Substitutions: See Section 01 60 00 - Product Requirements.
2.03 NAMEPLATES

A. Description: Laminated three-layer plastic with engraved letters.
1. Letter Color: White.
2. Letter Height: /4 inch (6 mm).
3. Background Golor: Black.

2.04 TAGS

A. Plastic Tags: Laminated three-layer plastic with engraved black letters on light contrasting
background color. Tag size minimum 1-1/2 inch (40 mm) diameter.

B. Meta Tags: Brasswith stamped letters; tag size minimum 1-1/2 inch (40 mm) diameter with
smooth edges.

C. VaveTagChart: Typewritten letter sizelist in anodized aluminum frame.
2.05 PIPE MARKERS
A. Coalor: Conformto ASME A13.1.

B. Plastic Pipe Markers: Factory fabricated, flexible, semi- rigid plastic, preformed to fit around
pipe or pipe covering; minimum information indicating flow direction arrow and identification
of fluid being conveyed.

2.06 CEILING TACKS
A. Description: Steel with 3/4 inch (20 mm) diameter color coded head.

B. Color codeasfollows:
1. HVACEquipment: Yelow.
2. Fire Dampers and Smoke Dampers. Red.
3. Heating/Cooling Vaves: Blue.

PART 3 EXECUTION
3.01PREPARATION
A. Degrease and clean surfaces to receive adhesive for identification materials.
3.02 INSTALLATION

A. Install nameplates with corrosive-resistant mechanical fasteners, or adhesive. Apply with
sufficient adhesive to ensure permanent adhesion and seal with clear lacquer.

B. Install tags with corrosion resistant chain.
Install plastic pipe markersin accordance with manufacturer's instructions.

D. Install underground plastic pipe markers 6 to 8 inches (150 to 200 mm) below finished grade,
directly above buried pipe.

E. Identify air handling units, pumps, heat transfer equipment, tanks, and water treatment devices
with plastic nameplates. Small devices, such asin-line pumps, may be identified with tags.

F. ldentify control panels and major control components outside panels with plastic namepl ates.
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G. Identify thermostats relating to terminal boxes or valves with namepl ates.

H. Identify valvesin main and branch piping with tags.

I.  Locate ceiling tacksto locate valves or dampers above lay-in panel ceilings. Locatein corner
of panel closest to equipment.

END OF SECTION
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SECTION 230593

TESTING, ADJUSTING, AND BALANCING FOR HVAC
PART 1 GENERAL
1.01 SECTION INCLUDES
A. Testing, adjustment, and balancing of air systems.
B. Measurement of final operating condition of HVAC systems.
C. Commissioning activities.
1.02 RELATED REQUIREMENTS

A. Section 01 40 00 - Quality Requirements: Employment of testing agency and payment for
Services.

B. Section 0191 13 - Genera Commissioning Requirements; Commissioning requirements that
apply to al types of work.

C. Section 23 08 00 - Commissioning of HVAC.
1.03 REFERENCE STANDARDS

A. AABC MN-1- AABC National Standards for Total System Balance; Associated Air Balance
Council; 2002.

B. ASHRAE Std 111 - Practices for Measurement, Testing, Adjusting and Balancing of Building
Heating, Ventilation, Air-Conditioning, and Refrigeration Systems; American Society of
Heating, Refrigerating and Air-Conditioning Engineers, Inc.; 1988, with 1997 Errata.

C. NEBB (TAB) - Procedura Standards for Testing Adjusting Balancing of Environmental
Systems; National Environmental Balancing Bureau; 2005, Seventh Edition.

D. SMACNA (TAB) - HVAC Systems Testing, Adjusting, and Balancing; Sheet Metal and Air
Conditioning Contractors National Association; 2002.

1.04 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. TAB Plan: Submit awritten plan indicating the testing, adjusting, and balancing standard to be
followed and the specific approach for each system and component.
1. Submit to Delaware Engineering and Design Corporation.
2. Include at least the following in the plan:

a. Listof al air flow, water flow, sound level, system capacity and efficiency
measurements to be performed and a description of specific test procedures,
parameters, formulas to be used.

b. Copy of field checkout sheets and logs to be used, listing each piece of equipment to
be tested, adjusted and balanced with the data cells to be gathered for each.

c. Discussion of what notations and markings will be made on the duct and piping
drawings during the process.

d. Final test report forms to be used.

e. Detailed step-by-step procedures for TAB work for each system and issue, including:
1) Terminal flow calibration (for each terminal type).

2) Diffuser proportioning.
3) Branch/submain proportioning.
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4) Totad flow caculations.
5) Rechecking.
6) Diversity issues.
f.  Expected problems and solutions, etc.
g. Detailsof how TOTAL flow will be determined; for example:
1) Air: Sumof terminal flows via control system calibrated readings or via hood
readings of all terminals, supply (SA) and return air (RA) pitot traverse, SA or
RA flow stations.
2) Water: Pump curves, circuit setter, flow station, ultrasonic, etc.
h. Confirmation of understanding of the outside air ventilation criteria under al
conditions.
i. Method of verifying and setting minimum outside air flow rate will be verified and set
and for what level (total building, zone, etc.).
j. Proceduresfor formal deficiency reports, including scope, frequency and distribution.

C. Fina Report: Indicate deficienciesin systems that would prevent proper testing, adjusting, and
balancing of systems and equipment to achieve specified performance.

1. Revise TAB planto reflect actual procedures and submit as part of final report.

2. Submit draft copies of report for review prior to final acceptance of Project. Provide final
copies for Delaware Engineering and Design Corporation and for inclusion in operating
and maintenance manuals.

3. Provide reportsin soft cover, letter size, 3-ring binder manuals, complete with index page
and indexing tabs, with cover identification at front and side. Include set of reduced
drawings with air outlets and equipment identified to correspond with data sheets, and
indicating thermostat |ocations.

4. Include actual instrument list, with manufacturer name, serial number, and date of
calibration.

5. Formof Test Reports. Wherethe TAB standard being followed recommends a report

format use that; otherwise, follow ASHRAE Std 111.

Units of Measure:  Report datain both I-P (inch-pound) and SI (metric) units.
Include the following on the title page of each report:

Name of Testing, Adjusting, and Balancing Agency.

Address of Testing, Adjusting, and Balancing Agency.
Teephone number of Testing, Adjusting, and Balancing Agency.
Project name.

Project location.

Project Engineer.

Project Contractor.

Report date.

PART 2 PRODUCTS-NOT USED
PART 3 EXECUTION
3.01 GENERAL REQUIREMENTS

A. Perform total system balance in accordance with one of the following:
1. NEBB Procedural Standardsfor Testing Adjusting Balancing of Environmental Systems.
2. SMACNA HVAC Systems Testing, Adjusting, and Balancing.

B. Beginwork after completion of systemsto be tested, adjusted, or balanced and compl ete work
prior to Substantial Completion of the project.

N o
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C. Where HVAC systems and/or components interface with life safety systems, including fire and
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smoke detection, alarm, and control, coordinate scheduling and testing and inspection
procedures with the authorities having jurisdiction.

D. TAB Agency Quadlifications:

1

2.

Company specializing in the testing, adjusting, and balancing of systems specified in this

section.

Certified by one of the following:

a.  NEBB, Nationa Environmental Balancing Bureau: www.nebb.org.

b. TABB, The Testing, Adjusting, and Balancing Bureau of National Energy
Management Institute:  www.tabbcertified.org.

E. TAB Supervisor Qualifications: Certified by same organization as TAB agency.
3.02 EXAMINATION

A. Veify that systems are complete and operable before commencing work. Ensure the following

B.

conditions:

1. Systemsare started and operating in a safe and normal condition.

2. Temperature control systems are installed complete and operable.

3. Proper thermal overload protection isin place for electrical equipment.

4. Find filtersareclean and in place. If required, install temporary mediain addition to final
filters.

5. Duct systems are clean of debris.

6. Fansarerotating correctly.

7. Fireand volume dampers are in place and open.

8. Air cail fins are cleaned and combed.

9. Accessdoors are closed and duct end caps arein place.

10. Air outlets are installed and connected.

11. Duct system leakage is minimized.

12. Hydronic systems are flushed, filled, and vented.

13. Pumps arerotating correctly.

14. Proper strainer baskets are clean and in place.

15. Service and balance valves are open.

Submit field reports. Report defects and deficiencies that will or could prevent proper system
balance.

C. Beginning of work means acceptance of existing conditions.
3.03 PREPARATION

A.

Hold a pre-balancing meeting at least one week prior to starting TAB work.

1

Require attendance by all installers whose work will be tested, adjusted, or balanced.

Provide instruments required for testing, adjusting, and balancing operations. Make
instruments available to Delaware Engineering and Design Corporation to facilitate spot checks
during testing.

3.04 ADJUSTMENT TOLERANCES

A. Air Handling Systems. Adjust to within plus or minus 5 percent of design for supply systems
and plus or minus 10 percent of design for return and exhaust systems.

B. Hydronic Systems. Adjust to within plus or minus 10 percent of design.
3.05 RECORDING AND ADJUSTING

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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A.
B.

Ensure recorded data represents actual measured or observed conditions,

Permanently mark settings of valves, dampers, and other adjustment devices alowing settings to
berestored. Set and lock memory stops.

Mark on the drawings the locations where traverse and other critical measurements were taken
and cross reference the location in the final report.

After adjustment, take measurements to verify balance has not been disrupted or that such
disruption has been rectified.

Leave systemsin proper working order, replacing belt guards, closing access doors, closing
doorsto electrical switch boxes, and restoring thermostats to specified settings.

3.06 AIR SYSTEM PROCEDURE

A.

Adjust air handling and distribution systems to provide required or design supply, return, and
exhaust air quantities at site altitude.

Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional area of
duct.

Measure air quantities at air inlets and outlets.

Adjust distribution system to obtain uniform space temperatures free from objectionable drafts
and noise.

Use volume control devicesto regulate air quantities only to extend that adjustments do not
create objectionable air motion or sound levels. Effect volume control by duct internal devices
such as dampers and splitters.

Vary tota system air quantities by adjustment of fan speeds. Provide drive changes required.
Vary branch air quantities by damper regulation.

Provide system schematic with required and actual air quantities recorded at each outlet or inlet.

Measure static air pressure conditions on air supply units, including filter and coil pressure
drops, and total pressure acrossthefan. Make allowances for 50 percent loading of filters.

Adjust outside air automatic dampers, outside air, return air, and exhaust dampers for design
conditions.

Measure temperature conditions across outside air, return air, and exhaust dampers to check
|eakage.

Where modulating dampers are provided, take measurements and balance at extreme conditions.
Balance variable volume systems at maximum air flow rate, full cooling, and at minimum air
flow rate, full heating.

For variable air volume system powered units set volume controller to air flow setting indicated.
Confirm connections properly made and confirm proper operation for automatic variable air
volume temperature control.

3.07 COMMISSIONING

A.
B.
C.

See Sections 01 91 13 and 23 08 00 for additional requirements.
Perform prerequisites prior to starting commissioning activities.

Fill out Prefunctional Checklists for:
1. Air ddesystems.
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2.

Water side systems.

D. Furnish to the Commissioning Authority, upon request, any data gathered but not shown in the
final TAB report.

E. Re-check arandom sample equivalent to 10 percent of the final TAB report data as directed by
Commissioning Authority.

1

2.
3.

Original TAB agency shall execute the re-checks, witnessed by the Commissioning

Authority.

Use the same test instruments as used in the original TAB work.

Failure of more than 10 percent of the re-checked items of a given system shall result in the

rejection of the system TAB report; rebalance the system, provide a new system TAB

report, and repeat random re-checks.

For purposes of re-check, failureis defined asfollows:

a. Air Flow of Supply and Return: Deviation of more than 10 percent of instrument
reading.

b. Minimum Outside Air Flow: Deviation of more than 20 percent of instrument
reading; for inlet vane or VFD OSA compensation system using linear proportiona
control, deviation of more than 30 percent at intermediate supply flow.

c. Temperatures. Deviation of more than one degree F (0.5 degree C).

d. Airand Water Pressures. Deviation of more than 10 percent of full scale of test
instrument reading.

e.  Sound Pressures; Deviation of more than 3 decibels, with consideration for
variations in background noise.

For purposes of re-check, awhole system is defined as one in which inaccuracies will have

little or no impact on connected systems; for example, the air distribution system served by

one air handler or the hydronic chilled water supply system served by a chiller or the
condenser water system.

F. Inthe presence of the Commissioning Authority, verify that:

1

2.

3.08 SCOPE

Final settings of all valves, splitters, dampers and other adjustment devices have been
permanently marked.

Theair systemis being controlled to the lowest possible static pressure while still meeting
design loads, less diversity; this shall include areview of TAB methods, established
control setpoints, and physical verification of at |east one leg from fan to diffuser having all
bal ancing dampers wide open and that during full cooling of all terminal units taking off
downstream of the static pressure sensor, the terminal unit on the critical leg has its damper
90 percent or more open.

The water systemis being controlled to the lowest possible pressure while still meeting
design loads, less diversity; this shall include areview of TAB methods, established
control setpoints, and physical verification of at |east one leg from the pump to the coil
having all balancing valves wide open and that during full cooling the cooling coil valve of
that leg is 90 percent or more open.

A. Tedt, adjust, and balance the following:

1
2.
3.

Air Handling Units
Fans
Air Inlets and Outlets

3.09 MINIMUM DATA TO BE REPORTED
A. Electric Motors:
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1. Manufacturer
2. Mode/Frame
3. HP/BHP
4. Phase, voltage, amperage; nameplate, actual, no load
5. RPM
6. Servicefactor
7. Sheave Make/Size/Bore
B. Cooling Cails:
1. Identification/number
2. Location
3. Service
4. Manufacturer
5. Air flow, design and actual
6. Entering air DB temperature, design and actual
7. Entering air WB temperature, design and actua
8. Leaving air DB temperature, design and actual
9. Leavingair WB temperature, design and actual

10. Saturated suction temperature, design and actual
11. Air pressure drop, design and actua

C. Heating Coils:

Identification/number

Location

Service

Manufacturer

Air flow, design and actual

Water flow, design and actual

Water pressure drop, design and actual
Entering water temperature, design and actual

ir Moving Equipment:

Location

Manufacturer

Model number

Serial number
Arrangement/Class/Discharge

Air flow, specified and actual

Return air flow, specified and actua
Outside air flow, specified and actua
Tota static pressure (total external), specified and actual
10. Inlet pressure

11. Discharge pressure

12. Sheave Make/Size/Bore

13. Number of BeltsMake/Size

14. Fan RPM

E. Return Air/Outside Air:
1. Identification/location
2. Designair flow
3. Actud air flow
4. Design return air flow
5. Actud return air flow

TESTING, ADJUSTING, AND BALANCING FOR HVAC
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6.
7.
8.
0.
10.
11.
12.
13.

Design outside air flow

Actua outside air flow

Return air temperature

Outside air temperature
Required mixed air temperature
Actua mixed air temperature
Design outside/return air ratio
Actual outside/return air ratio

F. Exhaust Fans:

©CoOoNok~wWDdNE

10.
11.

Location

Manufacturer

Modd number

Serial number

Air flow, specified and actual

Total static pressure (total external), specified and actual

Inlet pressure

Discharge pressure

Sheave Make/Size/Bore
Number of Belts/Make/Size
Fan RPM

G. Duct Traverses:

1.
2.
3.
4
5
6.
7.
8
9
1

0.

TESTING, ADJUSTING, AND BALANCING FOR HVAC

System zone/branch
Duct size

Area

Design velocity
Design air flow
Test velocity

Test air flow

Duct dtatic pressure
Air temperature

Air correction factor

END OF SECTION
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SECTION 2307 13

DUCT INSULATION

PART 1 GENERAL
1.01 SECTION INCLUDES

A.
B.
C.

Glass Fiber, Flexible.
Polyisocyanurate, Rigid

Duct insul ation.

1.02 RELATED REQUIREMENTS

A.
B.

Section 23 05 53 - Identification for HV AC Piping and Equipment.
Section 23 31 00 - HYAC Ducts and Casings

1.03 REFERENCE STANDARDS

A.

K.

ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate;
2010.

ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate
[Metric]; 2010.

ASTM Cb518 - Standard Test Method for Steady-State Thermal Transmission Properties by
Means of the Heat Flow Meter Apparatus; 2010.

ASTM C553 - Specification for Mineral Fiber Blanket Thermal Insulation for Commercial and
Industrial Applications; 2011.

ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation;
2010.

ASTM C1071 - Standard Specification for Fibrous Glass Duct Lining Insulation (Thermal and
Sound Absorbing Material); 2012.

ASTM EB84 - Standard Test Method for Surface Burning Characteristics of Building Materids;
2012.

ASTM E96/E96M - Standard Test Methods for Water VVapor Transmission of Materials; 2010.

NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materials;
National Fire Protection Association; 2006.

SMACNA (DCS) - HVAC Duct Construction Standards - Metal and Flexible; Sheet Metal and
Air Conditioning Contractors Nationa Association; 2005.

UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials;
Underwriters Laboratories Inc.; Current Edition, Including All Revisions.

1.04 SUBMITTALS

A.
B.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Product Data:  Provide product description, thermal characteristics, list of materials and
thickness for each service, and locations.

1.05QUALITY ASSURANCE
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A. Manufacturer Quaifications: Company specializing in manufacturing products of the type
specified in this section with not |ess than three years of documented experience.

1.06 DELIVERY, STORAGE, AND HANDLING

A. Accept materials on sitein origina factory packaging, labelled with manufacturer's
identification, including product density and thickness.

B. Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanica
damage, by storing in original wrapping.

1.07FIELD CONDITIONS

A. Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics,
and insulation cements.

B. Maintain temperature during and after installation for minimum period of 24 hours.
PART 2 PRODUCTS
2.01 REQUIREMENTSFOR ALL PRODUCTSOF THISSECTION

A. Surface Burning Characteristics: Flame spread/Smoke devel oped index of 25/50, maximum,
when tested in accordance with ASTM E84, NFPA 255, or UL 723.

2.02 GLASSFIBER, FLEXIBLE

A. Manufacturer:
1. Knauf Insulation: www.knaufusa.com.
2. JohnsManville Gorporation: www.jm.com.
3. Owens Corning Corp: www.owenscorning.com.
4. CertainTeed Corporation; : www.certainteed.com.

B. Insulation: ASTM C553; flexible, noncombustible blanket.
1. 'K'('Ks')value: 0.26 at 75 degrees F (0.038 at 24 degrees C), when tested in accordance
with ASTM C518.
2. Minimum Density of 1.0 PCF.

C. Vapor Barrier Jacket:
1. 0.0032inch (0.081 mm) vinyl.
2. Moisture Vapor Permeability: 1.3 perminch (1.9 ng/Pa s m), when tested in accordance
with ASTM E96/E96M.
3. Securewith pressure sensitive tape.

D. TieWire: Annealed sted, 16 gage (1.5 mm).
2.03 POLYISOCYANURATE, RIGID

A. Insulation consists of a pre-manufactured panel system consisting of four (4) pieceinterlocking
panels.

B. Theinterlocking panels shall be constructed of Dow Thermax polyisocyanurate insulation,
ASTM D-1622, normal 2 pcf.
1.  Water vapor transmission as permeance less than 0.03, per ASTM E-96;
2.  Water absorption less than 0.3% (24 Hours), per ASTM C-2009.
3. Flexura strenght more than 40 psi, per ASTM C-203.

C. Operating temperature range of -100 deg. F to +250 deg. F.

D. Insulation shall be clad with 0.032" thick embossed aluminum and sealed with vapor barrier
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compound. All joints shall interlock to ensure athermal seal with no pass through seams.
Panels shall be secured with #10 self-tapping stainless screws with weather seal washers.

Manufacturers:

1. P.T.M.Manufacturing, LLC Model Techna-Duc.

2. Fab-Rite Exterior Duct Cladding System

3. Subgtitutions: See Section 01 60 00 - Product Reguirements.

G. Insulation shall be provided with a 20-year warranty.
2.04 ELASTOMERIC

A. Manufacturer:
1. Armacel - AP Armaflex: www.armacell.com
2. Substitutions; See Section 01 60 00 - Product Requirements.

B. Insulation: ASTM C177 or C518; flexible, noncombustible blanket.
1. 'K'('Kg") value:.25 at 75 degrees F (.036 at 24 degrees C), when tested in accordance with
ASTM C518.
Maximum service temperature: 220 degrees F (115 degrees C).
Maximum Water Vapor Permeability: 0.05 Perm-in.
Mold Growth: Conforms with UL 181
Fungi Resistance: Conforms with ASTM G21/C1338
Bacterial Resistance: Conforms with ASTM G22

2.05 JACKETS

A. Aluminum Jacket: ASTM B209 (ASTM B209M).
1. Thickness: 0.016 inch (0.40 mm) sheet.
2. Finish: Smooth.
3. Joining: Longitudinal slip joints and 2 inch (50 mm) laps.
4. Fittings: 0.016 inch (0.4 mm) thick die shaped fitting covers with factory attached
protective liner.
5. Maetal Jacket Bands: 3/8 inch (10 mm) wide; 0.010 inch (0.25 mm) thick stainless stedl.

PART 3 EXECUTION
3.01 EXAMINATION

oUhkwN

A. Veify that ducts have been tested before applying insulation materials.
B. Veify that surfaces are clean, foreign material removed, and dry.
3.02 INSTALLATION

A. Install in accordance with manufacturer's instructions.

1. For rigid polyisocyanurate, installation shall only be completed by manufacturer licensed
contractors.

B. Insulated ducts conveying air below ambient temperature:
1. Provideinsulation with vapor barrier jackets.
2. Finish with tape and vapor barrier jacket.
3. Continue insulation through walls, deeves, hangers, and other duct penetrations.
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4. Insulate entire system including fittings, joints, flanges, fire dampers, flexible connections,
and expansion joints.

C. Insulated ducts conveying air above ambient temperature:
1. Provide with or without standard vapor barrier jacket.
2. Insulatefittingsand joints. Where service accessis required, bevel and sea ends of
insulation.

D. Ducts Exposed in Mechanical Equipment Rooms or Finished Spaces (below 10 feet (3 meters)
above finished floor):  Finish with aluminum jacket.

E. External Duct Insulation Application:

1. Secureinsulation with vapor barrier with wires and seal jacket joints with vapor barrier
adhesive or tape to match jacket.

2. Secureinsulation without vapor barrier with staples, tape, or wires.

3. Ingtall without sag on underside of duct. Use adhesive or mechanical fasteners where
necessary to prevent sagging. Lift duct off trapeze hangers and insert spacers.

4. Seal vapor barrier penetrations by mechanical fasteners with vapor barrier adhesive.

5. Stop and point insulation around access doors and damper operators to alow operation
without disturbing wrapping.

3.03 SCHEDULES

Exhaust Ducts Within 10 ft (3 m) of Exterior Openings: 2 inches thick, flexible glass fiber
Outside Air Intake Ducts: 2 inches thick, flexible glass fiber

Supply Ducts: 2 inchesthick, flexible glass fiber

Return Ducts: 1 inch thick, flexible glass fiber

Return and Relief Ducts in Mechanical Rooms: 2 inches thick, flexible glass fiber with jacket

mmoow>»

Ducts Exposed to Outdoors: 2 inches thick, rigid polyisocyanurate

END OF SECTION
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SECTION 2307 19

HVAC PIPING INSULATION

PART 1 GENERAL
1.01 SECTION INCLUDES

A.
B.

Piping insulation.

Jackets and accessories.

1.02 RELATED REQUIREMENTS

A.

Section 23 21 13 - Hydronic Piping: Placement of hangers and hanger inserts.

1.03 REFERENCE STANDARDS

A.

ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate;
2010.

ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate
[Metric]; 2010.

ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Guarded Hot Plate Apparatus; 2010.

ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular
Thermal Insulation in Sheet and Tubular Form; 2011.

ASTM Cb547 - Standard Specification for Mineral Fiber Pipe Insulation; 2012.

ASTM C795 - Standard Specification for Thermal Insulation for Use in Contact with Austenitic
Stainless Steel; 2008.

ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materids;
2012.

ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2010.

NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materids;
National Fire Protection Association; 2006.

UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials;
Underwriters Laboratories Inc.; Current Edition, Including All Revisions.

1.04 SUBMITTALS

A.
B.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Product Data:  Provide product description, thermal characteristics, list of materials and
thickness for each service, and | ocations.

1.05 QUALITY ASSURANCE

A.

Manufacturer Qualifications: Company specializing in manufacturing the Products specifiedin
this section with not less than three years of documented experience.
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1.06 DELIVERY, STORAGE, AND HANDLING

A. Accept materials on site, labeled with manufacturer's identification, product density, and
thickness.

1.07 FIELD CONDITIONS

A. Maintain ambient conditions required by manufacturers of each product.

B. Maintain temperature before, during, and after installation for minimum of 24 hours.
PART 2 PRODUCTS
2.01 REQUIREMENTSFOR ALL PRODUCTSOF THISSECTION

A. Surface Burning Characteristics: Flame spread/Smoke devel oped index of 25/50, maximum,
when tested in accordance with ASTM E84, NFPA 255, or UL 723.

2.02 GLASSFIBER

A. Manufacturers:
1. Knauf Insulation: www.knaufusa.com.
2. JohnsManville Corporation: www.jm.com.
3. Owens Corning Corp: www.owenscorning.com.
4. CertainTeed Corporation; : www.certainteed.com.

B. Insulation: ASTM C547 and ASTM C795; rigid molded, noncombustible.
1. 'K'(Kg')vaue: ASTM C177,0.24 at 75 degrees F (0.035 at 24 degrees C).
2. Maximum service temperature: 850 degrees F (454 degrees C).
3. Maximum moisture absorption: 0.2 percent by volume.

C. Insulation: ASTM C547 and ASTM C795; semi-rigid, noncombustible, end grain adhered to
jacket.
1. 'K'(Ks')vaue: ASTM C177,0.24 at 75 degrees F (0.035 at 24 degrees C).
2. Maximum service temperature: 650 degrees F (343 degrees C).
3. Maximum moisture absorption: 0.2 percent by volume.

D. Vapor Barrier Jacket: White kraft paper with glass fiber yarn, bonded to aluminized film;
moisture vapor transmission when tested in accordance with ASTM E96/E96M of 0.02
perm-inches (0.029 ng/Pa s m).

2.03 FLEXIBLE ELASTOMERIC CELLULAR INSULATION

A. Manufacturer:
1. Armacdl International: www.armacell.com.
2. Substitutions; See Section 01 60 00 - Product Requirements.

B. Insulation: Preformed flexible elastomeric cellular rubber insulation complying with ASTM
C534 Grade 3; use molded tubular material wherever possible.
1. Minimum Service Temperature: -40 degrees F (-40 degrees C).
2.  Maximum Service Temperature: 220 degrees F (104 degrees C).
3. Connection: Waterproof vapor barrier adhesive.

2.04 JACKETS

A. PVCPlastic.
1. Manufacturers:
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B.

a. JohnsManville Corporation:  www.jm.com.
b. Substitutions: See Section 01 60 00 - Product Requirements.
2. Jacket: One piece molded type fitting covers and sheet material, off-white color.

a. Minimum Service Temperature: 0 degrees F (-18 degrees C).

b. Maximum Service Temperature: 150 degrees F (66 degrees C).

c. Moisture Vapor Permeability: 0.002 perm inch (0.0029 ng/Pa s m), maximum, when
tested in accordance with ASTM E96/E96M .

d. Thickness: 10 mil (0.25 mm).

e. Connections. Brush on welding adhesive.

Canvas Jacket: UL listed 6 0z/sq yd (220 g/sq m) plain weave cotton fabric treated with dilute
fire retardant lagging adhesive.
1. Lagging Adhesive:

a. Compatible with insulation.

Aluminum Jacket: ASTM B209 (ASTM B209M) formed aluminum sheet.

1. Thickness: 0.016 inch (0.40 mm) sheet.

2. Finish: Embossed.

3. Joining: Longitudinal dlip jointsand 2 inch (50 mm) laps.

4. Fittings: 0.016 inch (0.4 mm) thick die shaped fitting covers with factory attached
protective liner.

5. Maetal Jacket Bands: 3/8inch (10 mm) wide; 0.015 inch (0.38 mm) thick aluminum.

PART 3 EXECUTION
3.01 EXAMINATION

A.
B.

Verify that piping has been tested before applying insulation materials.

Verify that surfaces are clean and dry, with foreign material removed.

3.02 INSTALLATION

A.
B.
C.

Install in accordance with manufacturer's instructions.
Exposed Piping: Locate insulation and cover seamsin least visible locations.

Insulated pipes conveying fluids below ambient temperature:  Insulate entire system including
fittings, valves, unions, flanges, strainers, flexible connections, pump bodies, and expansion
joints.

Glass fiber insulated pipes conveying fluids below ambient temperature:

1. Provide vapor barrier jackets, factory-applied or field-applied. Secure with self-sealing
longitudinal laps and butt strips with pressure sensitive adhesive.  Secure with outward
clinch expanding staples and vapor barrier mastic.

2. Insulatefittings, joints, and valves with molded insulation of like material and thickness as
adjacent pipe. Finish with glass cloth and vapor barrier adhesive or PV C fitting covers.

For hat piping conveying fluids 140 degrees F (60 degrees C) or less, do not insulate flanges
and unions at equipment, but bevel and seal ends of insulation.

For hot piping conveying fluids over 140 degrees F (60 degrees C), insulate flanges and unions
at equipment.

Glass fiber insulated pipes conveying fluids above ambient temperature:
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Provide standard jackets, with or without vapor barrier, factory-applied or field-applied.
Secure with self-sealing longitudinal laps and butt strips with pressure sensitive adhesive.
Secure with outward clinch expanding staples.

Insulate fittings, joints, and valves with insulation of like material and thickness as
adjoining pipe. Finish with glass cloth and adhesive or PV C fitting covers.

H. Insertsand Shields:

1

2.
3.
4,

Application: Piping 1-1/2 inches (40 mm) diameter or larger.

Shields: Galvanized stedl between pipe hangers or pipe hanger rolls and inserts.

Insert location:  Between support shield and piping and under the finish jacket.

Insert configuration: Minimum 6 inches (150 mm) long, of same thickness and contour as
adjoining insulation; may be factory fabricated.

I.  Continueinsulation through walls, sleeves, pipe hangers, and other pipe penetrations. Finish at
supports, protrusions, and interruptions. At fire separations, refer to Section 07 84 00.

J.  Pipe Exposed in Mechanical Equipment Rooms or Finished Spaces (less than 10 feet (3 meters)
above finished floor): Finish with canvas jacket sized for finish painting.

K. Exterior Applications: Provide vapor barrier jacket. Insulate fittings, joints, and valves with
insulation of like material and thickness as adjoining pipe, and finish with glass mesh reinforced

vapor barrier cement. Cover with aluminum jacket with seams located on bottom side of
horizontal piping. Provide two coats of UV resistant finish for flexible elastomeric cellular
insul ation without jacketing.

Heat Traced Piping: Insulate fittings, joints, and valves with insulation of like material,
thickness, and finish as adjoining pipe. Size large enough to enclose pipe and heat tracer.

Cover with aluminum jacket with seams located on bottom side of horizontal piping.
3.03 SCHEDULE
A. Cooling Systems:;

1
2.
3.

Condensate Drains from Cooling Coils: 1/2" Flexible Elastomeric Celluar Insulation
Refrigerant Suction: 2" Flexible Elastomeric Celluar Insulation
Refrigerant Hot Gas: 2" Flexible Elastomeric Celluar Insulation

END OF SECTION
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SECTION 23 09 13

INSTRUMENTATION AND CONTROL DEVICES FOR HVAC

PART 1 GENERAL
1.01 SECTION INCLUDES

A. Air supply system.

B. Damper operators.
1.02 RELATED REQUIREMENTS

A. Section 26 27 17 - Equipment Wiring: Electrical characteristics and wiring connections.
1.03 REFERENCE STANDARDS

A. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilation Systems;
National Fire Protection Association; 2012.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Preinstallation Meeting: Conduct a preinstallation meeting one week before starting work
of this section; require attendance by all affected installers.

1.05 SUBMITTALS
A. See Section 01 30 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide description and engineering data for each control system
component. Include sizing as requested. Provide data for each system component and
software module.

C. Shop Drawings: Indicate complete operating data, system drawings, wiring diagrams, and
written detailed operational description of sequences. Submit schedule of valves indicating
size, flow, and pressure drop for each valve. For automatic dampers indicate arrangement,
velocities, and static pressure drops for each system.

Manufacturer's Instructions: Provide for all manufactured components.

E. Project Record Documents: Record actual locations of control components, including
panels, thermostats, and sensors. Accurately record actual location of control components,
including panels, thermostats, and sensors.

F. Operation and Maintenance Data: Include inspection period, cleaning methods,
recommended cleaning materials, and calibration tolerances.

G. Warranty: Submit manufacturers warranty and ensure forms have been filled out in
Delaware Technical Community College s name and registered with manufacturer.

1.06 QUALITY ASSURANCE

A. Designer Qualifications: Design system under direct supervision of a Professional Engineer
experienced in design of this work and licensed at Delaware.

1.07 WARRANTY
A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements.
PART 2 PRODUCTS
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2.01 EQUIPMENT - GENERAL

A.

Products Requiring Electrical Connection: Listed and classified by Underwriters
Laboratories Inc., as suitable for the purpose specified and indicated.

2.02 DAMPER OPERATORS

A.

General: Provide smooth proportional control with sufficient power for air velocities 20

percent greater than maximum design velocity and to provide tight seal against maximum

system pressures. Provide spring return for two position control and for fail safe operation.

1. Provide sufficient number of operators to achieve unrestricted movement throughout
damper range.

Electric Operators:
1. Spring return, adjustable stroke motor having oil immersed gear train, with auxiliary
end switch and and 24 V dc, 24 va transformer.

PART 3 EXECUTION
3.01 EXAMINATION

A.

B
C.
D

Verify existing conditions before starting work.
Verify that systems are ready to receive work.
Beginning of installation means installer accepts existing conditions.

Sequence work to ensure installation of components is complementary to installation of
similar components in other systems.

Coordinate installation of system components with installation of mechanical systems
equipment such as air handling units and air terminal units.

Ensure installation of components is complementary to installation of similar components.

Coordinate installation of system components with installation of mechanical systems
equipment such as air handling units and air terminal units.

3.02 INSTALLATION

A.
B.

Install in accordance with manufacturer's instructions.

Check and verify location of thermostats with plans and room details before installation.
Locate 60 inches (1500 mm) above floor. Align with lighting switches and humidistats.
Refer to Section 26 27 26.

Provide isolation (two position) dampers of parallel blade construction.

Install damper motors on outside of duct in warm areas. Do not install motors in locations
at outdoor temperatures.

Mount control panels adjacent to associated equipment on vibration free walls or free
standing angle iron supports. One cabinet may accommodate more than one system in same
equipment room. Provide engraved plastic nameplates for instruments and controls inside
cabinet and engraved plastic nameplates on cabinet face.

Install "hand/off/auto" selector switches to override automatic interlock controls when
switch is in "hand" position.
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G. Provide conduit and electrical wiring in accordance with Section 26 27 17. Electrical
material and installation shall be in accordance with appropriate requirements of Division 26.

3.03 MAINTENANCE

A. Provide service and maintenance of control system for one year from Date of Substantial
Completion.

B. Provide complete service of controls systems, including call backs, and submit written report
of each service call.

C. Inaddition to normal service calls, make minimum of complete normal inspections of
approximately hours duration to inspect, calibrate, and adjust controls.

END OF SECTION

INSTRUMENTATION AND CONTROL DEVICES FOR HVAC 230913- 3



DTCC Powerplant Education Facility
Sussex County Airport & Industrial Park
Delaware Technical Community College
Owens Campus, Georgetown, Delaware

SECTION 232300

REFRIGERANT PIPING

PART 1 GENERAL
1.01 SECTION INCLUDES

A.
B.

Piping.

Moisture and liquid indicators.

C. Vaves,
1.02 RELATED REQUIREMENTS

A.

Section 23 07 19 - HVAC Piping Insulation.

1.03 REFERENCE STANDARDS

A.

ASME B16.26 - Cast Copper Alloy Fittings For Flared Copper Tubes; The American Society of
Mechanical Engineers; 2011.

ASME B31.5- Refrigeration Piping and Heat Transfer Components; The American Society of
Mechanical Engineers; 2010.

ASME B31.9 - Building Services Piping; The American Society of Mechanical Engineers; 2011
(ANSI/ASME B31.9).

ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2009.

ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2005
(Reapproved 2011).

M SS SP-58 - Pipe Hangers and Supports - Materials, Design and Manufacture, Selection,
Application, and Installation; Manufacturers Standardization Society of the Valve and Fittings
Industry, Inc.; 2009.

1.04 SYSTEM DESCRIPTION

A.

E.

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

Provide pipe hangers and supports in accordance with ASME B31.5 unless indicated otherwise.

Liquid Indicators:

1. Uselinesizeliquid indicatorsin main liquid line leaving condenser.
2. If receiver isprovided, install inliquid line leaving receiver.

3. Uselinesize onleaving side of liquid solenoid valves.

Valves:

1. Useservice valves on suction and discharge of compressors.

2. Use gagetaps a compressor inlet and outlet.

3. Usegagetaps at hot gas bypassregulators, inlet and outlet.

4, Use check valves on compressor discharge.

5. Use check valves on condenser liquid lines on multiple condenser systems.

Filter-Driers:
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1. Useafilter-drier immediately ahead of liquid-line controls, such as thermostatic expansion
valves, solenoid valves, and moisture indicators.

1.05 SUBMITTALS
See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide general assembly of specidties, including manufacturers catal ogue
information. Provide manufacturers catalog data including load capacity.

C. Shop Drawings: Indicate schematic layout of system, including equipment, critical
dimensions, and sizes.

D. Design Data: Submit design dataindicating pipe sizing. Indicate load carrying capacity of
trapeze, multiple pipe, and riser support hangers.

Test Reports:  Indicate results of leak test, acid test.

Maintenance Materials. Furnish the following for Delaware Technical Community College's
use in maintenance of project.
1. See Section 01 60 00 - Product Requirements, for additional provisions.

1.06 QUALITY ASSURANCE

A. Installer Qualifications. Company specializing in performing the type of work specified in this
section, with minimum 3 years of documented experience.

1.07 DELIVERY, STORAGE, AND HANDLING
A. Deliver and store piping and specialties in shipping containers with labeling in place.

B. Protect piping and specialties from entry of contaminating material by leaving end caps and
plugsin place until installation.

C. Dehydrate and charge components such as piping and receivers, sea prior to shipment, until
connected into system.

PART 2 PRODUCTS
2.01 PIPING

A. Copper Tubeto 7/8 inch (22 mm) OD: ASTM B88 (ASTM B88M), Type K (A), annea ed.
1. Fittingss ASME B16.26 cast copper.
2. Joints. Flared.

B. Pipe Supports and Anchors:
1. Provide hangers and supports that comply with MSS SP-58.
a. If type of hanger or support for a particular situation is not indicated, select
appropriate type using M SS SP-58 recommendations.
Hangers for Pipe Sizes 1/2 to 1-1/2 Inch (13 to 38 mm): Malleable iron adjustable swivel,
split ring.
Hangers for Pipe Sizes 2 Inches (50 mm) and Over: Carbon stedl, adjustable, clevis.
Multiple or Trapeze Hangers: Steel channels with welded spacers and hanger rods.
Wall Support for Pipe Sizesto 3 Inches (75 mm): Cast iron hook.
Vertical Support: Steel riser clamp.
Copper Pipe Support: Carbon stedl ring, adjustable, copper plated.
Hanger Rods: Mild sted threaded both ends, threaded one end, or continuous threaded.
Inserts: Malleableiron case of galvanized steel shell and expander plug for threaded
connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to
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forms; size insertsto suit threaded hanger rods.
2.02 MOISTURE AND LIQUID INDICATORS

A. Manufacturers:
1. Henry Technologies: www.henrytech.com.
2. Parker Hannifin/Refrigeration and Air Conditioning: www.parker.com.
3. Sporlan Valve Company: www.sporlan.com.
4. Substitutions: See Section 01 60 00 - Product Reguirements.

B. Indicators. Single port type, UL listed, with copper or brass body, flared or solder ends, sight
glass, color coded paper moisture indicator and plastic cap; for maximum temperature of 200
degrees F (93 degrees C) and maximum working pressure of 500 ps (3450 kPa).

2.03 VALVES

A. Badl Vaves:
1. Two piece bolted forged brass body with teflon ball seals and copper tube extensions, brass
bonnet and seal cap, chrome plated ball, stem with neoprene ring stem seals; for maximum
working pressure of 500 ps (3450 kPa) and maximum temperature of 300 degrees F (149
degrees C).

B. ServiceVaves:
1. Forged brass body with copper stubs, brass caps, removable valve core, integral ball check
valve, flared or solder ends, for maximum pressure of 500 psi (3450 kPa).

2.04 STRAINERS

A. Straight Lineor AngleLine Type:
1. Brassor steel shell, steel cap and flange, and replaceable cartridge, with screen of stainless
steel wire or monel reinforced with brass; for maximum working pressure of 430 psi (2960
kPa).

PART 3 EXECUTION
3.01 PREPARATION
A. Ream pipeandtubeends. Remove burrs. Bevel plain end ferrous pipe.
B. Remove scale and dirt oninside and outside before assembly.
C. Prepare piping connections to equipment with flanges or unions.
3.02 INSTALLATION
A. Instal refrigeration specialties in accordance with manufacturer's instructions.

B. Route piping in orderly manner, with plumbing paralléd to building structure, and maintain
gradient.

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

D. Instal piping to alow for expansion and contraction without stressing pipe, joints, or connected
equipment.

3.03 FIELD QUALITY CONTROL
A. Test refrigeration system in accordance with ASME B31.5.

B. Pressuretest system with dry nitrogen to 200 psi (1380 kPa). Perform final tests at 27 inches
(92 kPa) vacuum and 200 psi (1380 kPa) using halide torch. Test to no leakage.
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3.04 SCHEDULES
A. Hanger Spacing for Copper Tubing.

1

2.

3.

1/2 inch (13 mm), 5/8 inch (16 mm), and 7/8 inch (22 mm) OD: Maximum span, 5 feet
(1500 mm); minimum rod size, 1/4 inch (6.3 mm).

1-1/8 inch (29 mm) OD: Maximum span, 6 feet (1800 mm); minimum rod size, 1/4 inch
(6.3 mm).

1-3/8 inch (35 mm) OD: Maximum span, 7 feet (2100 mm); minimum rod size, 3/8 inch
(9.5 mm).

1-5/8 inch (41 mm) OD: Maximum span, 8 feet (2400 mm); minimum rod size, 3/8 inch
(9.5 mm).

END OF SECTION
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SECTION 233100

HVAC DUCTSAND CASINGS

PART 1 GENERAL
1.01 SECTION INCLUDES

A.
B.
C.

Metal ductwork.
Casing and plenums.

Duct cleaning.

1.02 RELATED REQUIREMENTS

A.
B.
C.

Section 23 07 13 - Duct Insulation: Externa insulation and duct liner.
Section 23 33 00 - Air Duct Accessories.
Section 23 05 93 - Testing, Adjusting, and Balancing for HVAC.

1.03 REFERENCE STANDARDS

A.
B.
C.

ASHRAE (FUND) - ASHRAE Handbook - Fundamental's; 2009.
ASTM A36/A36M - Standard Specification for Carbon Structural Steel; 2008.

ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or
Zinc-1ron Alloy-Coated (Galvanneal ed) by the Hot-Dip Process; 2011.

ASTM EB84 - Standard Test Method for Surface Burning Characteristics of Building Materials,
2012.

ICC-ES ACOL1 - Acceptance Criteriafor Expansion Anchorsin Masonry Elements; 20009.

ICC-ES AC106 - Acceptance Criteriafor Predrilled Fasteners (Screw Anchors) in Masonry
Elements; 2006.

ICC-ES AC193 - Acceptance Criteriafor Mechanical Anchorsin Concrete Elements; 2010.

ICC-ES AC308 - Acceptance Criteriafor Post-Installed Adhesive Anchorsin Concrete
Elements; 2009.

NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems,
National Fire Protection Association; 2012.

SMACNA (DCS) - HVAC Duct Construction Standards - Metal and Flexible; Sheet Metal and
Air Conditioning Contractors' National Association; 2005.

1.04 PERFORMANCE REQUIREMENTS
1.05 SUBMITTALS

A.
B.
C.

D.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.
Product Data:  Provide data for duct materials.

Shop Drawings. Indicate duct fittings, particulars such as gages, sizes, welds, and
configuration prior to start of work for HYAC systems.

Project Record Documents.  Record actual locations of ducts and duct fittings. Record
changesin fitting location and type. Show additional fittings used.
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1.06 QUALITY ASSURANCE

A. Manufacturer Qualifications: Company specializing in manufacturing the type of products
specified in this section, with minimum three years of documented experience.

1.07 REGULATORY REQUIREMENTS
A. Construct ductwork to NFPA 90A standards.
1.08 FIELD CONDITIONS

A. Do notinstall duct sealants when temperatures are | ess than those recommended by sealant
manufacturers.

B. Maintain temperatures within acceptable range during and after installation of duct sealants.
PART 2 PRODUCTS
2.01 DUCT ASSEMBLIES

A. MATERIALS

1

2.

Galvanized Steel for Ducts: Hot-dipped galvanized steel sheet, ASTM AB53/A653M FS

Type B, with G90/Z275 coating.

Joint Sealers and Sealants: Non-hardening, water resistant, mildew and mold resistant.

a. Type: Heavy mastic or liquid used alone or with tape, suitable for joint configuration
and compatible with substrates, and recommended by manufacturer for pressure class
of ducts.

b. VOC Content: Not more than 250 g/L, excluding water.

c. Surface Burning Characteristics: Flame spread of zero, smoke devel oped of zero,
when tested in accordance with ASTM E84.

Hanger Rod: ASTM A36/A36M; steel, galvanized; threaded both ends, threaded one end,

or continuously threaded.

Hanger Fasteners. Attach hangers to structure using appropriate fasteners, as follows:

Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193.

Masonry Wedge Expansion Anchors.  Complying with ICC-ES ACO1.

Concrete Screw Type Anchors.  Complying with ICC-ES AC193.

Masonry Screw Type Anchors:  Complying with ICC-ES AC106.

Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308.

f.  Other Types. As required.

Insulated Flexible Ductwork:

a Two ply vinyl film supported by helically wound spring steel wire; fiberglass
insulation; metalized vapor barrier film.

1) PressureRating: 4.0 inches WG positive and 1.0 inches WG (250 Pa) negative.

2) Maximum Velocity: 4000 fpm (20.3 m/sec).

3) Temperature Range: -10 degrees F to 160 degrees F (-23 degrees C to 71
degrees).

b. Manufacturers:

1) Thermaflex Model M-KE.
2) Hart & Cooley Model F216.
3) Subgtitutions: See Section 01 60 00 - Product Requirements.

Pap o

2.02 DUCTWORK FABRICATION
A. All Ducts: Gavanized stedl, unless otherwise indicated.

HVAC DUCTSAND CASINGS 233100- 2



DTCC Powerplant Education Facility
Sussex County Airport & Industrial Park
Delaware Technical Community College
Owens Campus, Georgetown, Delaware

1. Low Pressure Supply (System with Cooling Coils): 2 inch w.g. (500 Pa) pressure class,
galvanized steel.

Return and Rdief: 1 inch w.g. (250 Pa) pressure class, galvanized steel.
General Exhaust: 1inch w.g. (250 Pa) pressure class, galvanized steel.

Fabricate and support in accordance with SMACNA HVAC Duct Construction Standards -
Metal and Flexible, and as indicated.

Provide duct material, gages, reinforcing, and sealing for operating pressures indicated.

Construct T's, bends, and € bows with radius of not less than 1-1/2 times width of duct on
centerline.  Where not possible and where rectangular elbows must be used, provide air foil
turning vanes of perforated metal with glass fiber insulation.

T's, bends, and elbows. Construct according to SMACNA (DCS).

Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible;
maximum 30 degrees divergence upstream of equipment and 45 degrees convergence
downstream.

Fabricate continuously welded round and oval duct fittings in accordance with SMACNA
HVAC Duct Construction Standards - Metal and Flexible.

Where ducts are connected to exterior wall louvers and duct outlet is smaller than louver frame,
provide blank-out panels sealing louver area around duct. Use same material as duct, painted
black on exterior side; seal to louver frame and duct.

Metallic duct manufacturers:

1. Meta-Fab, Inc: www.mtlfab.com.

2. SEMCO Incorporated: www.semcoinc.com.

3. United McGill Corporation: www.unitedmcgill.com.

4. Substitutions: See Section 01 60 00 - Product Requirements.

2.03 MANUFACTURED DUCTWORK AND FITTINGS

A. FlexibleDucts: Black polymer film supported by helically wound spring steel wire.

1. UL labeled.

2. Insulation: Fiberglassinsulation with aluminized vapor barrier film.

3. Pressure Rating: 4 inches WG (1000 Pa) positive and 0.5 inches WG (175 Pa) negative.
4, Maximum Velocity: 4000 fpm (20.3 m/sec).

5. Temperature Range: -20 degrees F to 175 degrees F (-28 degrees C to 79 degrees C).

2.04 CASINGS

A. Fabricate casings in accordance with SMACNA HVAC Duct Construction Standards - Metal
and Flexible, and construct for operating pressures indicated.

B. Mount floor mounted casings on 4 inch (100 mm) high concrete curbs. At floor, rivet panels
on 8 inch (200 mm) centersto angles. Where floors are acoustically insulated, provide liner of
18 gage (1.20 mm) galvanized expanded metal mesh supported at 12 inch (300 mm) centers,
turned up 12 inches (30 mm) at sides with sheet metal shields.

C. Reinforce door frames with steel anglestied to horizontal and vertical plenum supporting

angles. Install hinged access doors where indicated or required for access to equipment for
cleaning and inspection.
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PART 3 EXECUTION
3.01 INSTALLATION

A.

K.

Install, support, and seal ductsin accordance with SMACNA HVAC Duct Construction
Standards - Metal and Flexible.

Install in accordance with manufacturer's instructions.

During construction provide temporary closures of metal or taped polyethylene on open
ductwork to prevent construction dust from entering ductwork system.

Duct sizesindicated are inside clear dimensions. For lined ducts, maintain sizes inside lining.

Install and seal metal and flexible ducts in accordance with SMACNA HVAC Duct
Construction Standards - Metal and Flexible.

Provide openings in ductwork where required to accommodate thermometers and controllers.
Provide pilot tube openings where required for testing of systems, complete with metal can with
spring device or screw to ensure againgt air leakage. Where openings are provided in insul ated
ductwork, install insulation materia inside a metal ring.

L ocate ducts with sufficient space around equipment to allow normal operating and
mai ntenance activities.

Connect terminal unitsto supply ducts directly or with one foot (300 mm) maximum length of
flexibleduct. Do not use flexible duct to change direction.

Connect diffusers or light troffer boots to low pressure ducts directly or with 5 feet (1.5 m)
maximum length of flexible duct held in place with strap or clamp.

Connect flexible ducts to metal ducts with draw bands.

During construction provide temporary closures of metal or taped polyethylene on open
ductwork to prevent construction dust from entering ductwork system.

3.02 CLEANING

A.

Clean duct system and force air at high velocity through duct to remove accumulated dust. To
obtain sufficient air, clean half the system at atime. Protect equipment that could be harmed
by excessive dirt with temporary filters, or bypass during cleaning.

3.03 SCHEDULES

A.

Ductwork Pressure Class:

Supply (Heating Systems): 2 inch (500 Pa

Supply (System with Cooling Coils): 2 inch (500 Pa).
General Exhaust: 1 inch (250 Pa).

Outside Air Intake: 1 inch (250 Pa).

Combustion Air: 1 inch (250 Pa)

agprpOdDE

END OF SECTION
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SECTION 233300

AIR DUCT ACCESSORIES

PART 1 GENERAL
1.01 SECTION INCLUDES

J.

I Gmm©oOOoO w>»

Air turning devicegextractors.
Backdraft dampers - metal.

Backdraft dampers.

Combination fire and smoke dampers.
Duct access doors.

Duct test holes.

Fire dampers.

Flexible duct connections.

Smoke dampers.

V olume control dampers.

1.02 RELATED REQUIREMENTS

A.
B.

Section 23 31 00 - HYAC Ducts and Casings.
Section 23 36 00 - Air Terminal Units: Pressure regul ating damper assemblies.

1.03 REFERENCE STANDARDS

A.

NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems;
National Fire Protection Association; 2012.

NFPA 92A - Standard for Smoke-Control Systems Utilizing Barriers and Pressure Differences;
2012.

SMACNA (DCS) - HVAC Duct Construction Standards - Metal and Flexible; Sheet Metal and
Air Conditioning Contractors National Association; 2005.

UL 33 - Heat Responsive Links for Fire-Protection Service; Underwriters Laboratories Inc.;
Current Edition, Including All Revisions.

UL 555 - Standard for Fire Dampers; Underwriters Laboratories Inc.; Current Edition, Including
All Revisions.

UL 555S - Standard for Leakage Rated Dampers for Use in Smoke Control Systems;
Underwriters Laboratories Inc.; Current Edition, Including All Revisions.

1.04 SUBMITTALS

A.
B.

C.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Product Data:  Provide for shop fabricated assemblies including volume control dampers.
Include electrical characteristics and connection requirements.

Manufacturer's Installation Instructions: Provide instructions for fire dampers.
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D. Project Record Drawings: Record actual locations of access doors and test holes.
1.05 DELIVERY, STORAGE, AND HANDLING

A. Protect dampers from damage to operating linkages and blades.
PART 2 PRODUCTS
2.01 AIR TURNING DEVICES/EEXTRACTORS

A. Manufacturers:
1. Krueger: www.krueger-hvac.com.
2. PCI Industries, Inc; Pottorff Brand: www.portorff.com.
3. Ruskin Gompany: www.ruskin.com.
4, Titus. www.titus-hvac.com.
5. Substitutions: See Section 01 60 00 - Product Requirements.

B. Multi-blade device with blades aligned in short dimension; steel construction; with individually
adjustable blades, mounting straps.

2.02 BACKDRAFT DAMPERS- METAL
2.03 BACKDRAFT DAMPERS

A. Gravity Backdraft Dampers, Size 18 x 18 inches (450 x 450 mm) or Smaller, Furnished with
Air Moving Equipment: Air moving equipment manufacturer's standard construction.

2.04 COMBINATION FIRE AND SMOKE DAMPERS
A. Fabricatein accordance with NFPA 90A, UL 555, UL 555S, and as indicated.
B. Provide factory sleeve and collar for each damper.

C. Multiple Blade Dampers: Fabricate with 16 gage (1.5 mm) galvanized steel frame and blades,
oil-impregnated bronze or stainless steel sleeve bearings and plated steel axles, stainless stedl
jamb seals, 1/8 x 1/2 inch (3.2 x 12.7 mm) plated steel concealed linkage, stainless steel closure
spring, blade stops, and lock, and 1/2 inch (12.7 mm) actuator shaft.

D. Operators. UL listed and labelled spring return electric type suitable for 120 volts, single
phase, 60 Hz. Provide end switches to indicate damper position. Locate damper operator on
interior of duct and link to damper operating shaft.

E. Electro Thermal Link: Fusiblelink melting at 165 degrees F (74 degrees C); 120 volts, single
phase, 60 Hz; UL listed and label ed.

2.05 DUCT ACCESS DOORS

A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - Metal and
Flexible, and as indicated.

B. Accessdoors with sheet metal screw fasteners are not acceptable.
2.06 DUCT TEST HOLES

A. Temporary Test Holes: Cut or drill inducts asrequired. Cap with neat patches, neoprene
plugs, threaded plugs, or threaded or twist-on metal caps.

2.07 FIRE DAMPERS
A. Fabricate in accordance with NFPA 90A and UL 555, and as indicated.
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B. Horizonta Dampers. Gavanized stedl, 22 gage (0.76 mm) frame, stainless steel closure spring,
and lightweight, heat retardant non-asbestos fabric blanket.

C. Curtain Type Dampers: Galvanized steel with interlocking blades. Provide stainless stedl
closure springs and latches for horizontal installations. Configure with blades out of air stream
except for 1.0 inch (250 Pa) pressure class ducts up to 12 inches (300 mm) in height.

D. FusbleLinks: UL 33, separate at 160 degrees F (71 degrees C) with adjustable link straps for
combination fire/balancing dampers.

2.08 FLEXIBLE DUCT CONNECTIONS

A. Fabricatein accordance with SMACNA HVAC Duct Construction Standards - Metal and
Flexible, and as indicated.

B. Flexible Duct Connections. Fabric crimped into metal edging strip.
1. Fabric: UL listed fire-retardant neoprene coated woven glass fiber fabric to NFPA 90A,
minimum density 30 oz per sq yd (1.0 kg/sq m).
a.  Net Fabric Width: Approximately 2 inches (50 mm) wide.

2.09 SMOKE DAMPERS
A. Fabricate in accordance with NFPA 90A and UL 555S, and as indicated.

B. Electro Thermal Link: Fusiblelink melting at 165 degrees F (74 degrees C); 120 volts, single
phase, 60 Hz; UL listed and labeled.

2.10 VOLUME CONTROL DAMPERS

A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - Metal and
Flexible, and as indicated.

B. Single Blade Dampers. Fabricate for duct sizes up to 12 x 48 inch (300 x 1220 mm).

Multi-Blade Damper: Fabricate of opposed blade pattern with maximum blade sizes 8 x 72
inch (200 x 1825 mm). Assemble center and edge crimped blades in prime coated or
galvanized channel frame with suitable hardware.

D. EndBearings. Exceptin round ducts 12 inches (300 mm) and smaller, provide end bearings.
On multiple blade dampers, provide oil-impregnated nylon or sintered bronze bearings.

E. Quadrants
1. Provide locking, indicating quadrant regulators on single and multi-blade dampers.
2. Oninsulated ducts mount quadrant regulators on stand-off mounting brackets, bases, or
adapters.
3. Whererod lengths exceed 30 inches (750 mm) provide regulator at both ends.

PART 3 EXECUTION
3.01 PREPARATION

A. Verify that electric power is available and of the correct characteristics.
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3.02 INSTALLATION

A.

Install accessories in accordance with manufacturer's instructions, NFPA 90A, and follow
SMACNA HVAC Duct Construction Standards - Metal and Flexible. Refer to Section 23 31
00 for duct construction and pressure class.

Provide backdraft dampers on exhaust fans or exhaust ducts nearest to outside and where
indicated.

Provide duct access doors for inspection and cleaning before and after filters, coils, fans,
automatic dampers, at fire dampers, combination fire and smoke dampers, and elsewhere as
indicated. Provide for cleaning kitchen exhaust ducts in accordance with NFPA 96. Provide
minimum 8 x 8 inch (200 x 200 mm) size for hand access, 18 x 18 inch (450 x 450 mm) size for
shoulder access, and asindicated. Provide 4 x 4 inch (100 x 100 mm) for balancing dampers
only. Review locations prior to fabrication.

Provide duct test holes where indicated and required for testing and balancing purposes.

Provide fire dampers, combination fire and smoke dampers, and smoke dampers at locations
indicated, where ducts and outlets pass through fire rated components, and where required by
authorities having jurisdiction. Install with required perimeter mounting angles, seeves,
breakaway duct connections, corrosion resistant springs, bearings, bushings and hinges.

Install smoke dampers and combination smoke and fire dampers in accordance with NFPA 92A.

Demonstrate re-setting of fire dampersto Delaware Technical Community College's
representative.

At fans and motorized equipment associated with ducts, provide flexible duct connections
immediately adjacent to the equipment.

Provide balancing dampers at points on supply, return, and exhaust systems where branches are
taken from larger ducts asrequired for air balancing. Install minimum 2 duct widths from duct
take-off.

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

Provide air turning devices within duct whenever long radius el bows are not utilized.

END OF SECTION

AIR DUCT ACCESSORIES 233300- 4



DTCC Powerplant Education Facility
Sussex County Airport & Industrial Park
Delaware Technical Community College
Owens Campus, Georgetown, Delaware

SECTION 233423

HVAC POWER VENTILATORS

PART 1 GENERAL
1.01 SECTION INCLUDES

A.

Cabinet exhaust fans.

1.02 RELATED REQUIREMENTS

A.

Section 23 33 00 - Air Duct Accessories. Backdraft dampers.

1.03 REFERENCE STANDARDS

A.

AMCA 99 - Standards Handbook; Air Movement and Control Association International, Inc.;
2010.

AMCA 210 - Laboratory Methods of Testing Fans for Aerodynamic Performance Rating; Air
Movement and Control Association International, Inc.; 2007 (ANSI/AMCA 210, same as
ANSI/ASHRAE 51).

AMCA (DIR) - [Directory of] Products Licensed Under AMCA International Certified Ratings
Program; Air Movement and Control Association International, Inc.;
http://www.amca.org/li censes/search.aspx.

AMCA 300 - Reverberant Room Method for Sound Testing of Fans; Air Movement and
Control Association International, Inc.; 2008.

AMCA 301 - Methods for Calculating Fan Sound Ratings from Laboratory Test Data; Air
Movement and Control Association International, Inc.; 1990.

1.04 SUBMITTALS

A.
B.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Product Data:  Provide data on fans and accessories including fan curves with specified
operating point clearly plotted, power, RPM, sound power levels at rated capacity, and electrical
characteristics and connection requirements.

Manufacturer's Instructions:  Indicate install ation instructions.

Maintenance Data:  Include instructions for lubrication, motor and drive replacement, spare
partslist, and wiring diagrams.

Maintenance Materials. Furnish the following for Delaware Technical Community College's
use in maintenance of project.

1. See Section 01 60 00 - Product Requirements, for additional provisions.

2. ExtraFanBdts. One set for each individual fan.

1.05 QUALITY ASSURANCE

A.

Manufacturer Qualifications: Company specializing in manufacturing the type of products
specified in this section, with minimum three years of documented experience.
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1.06 FIELD CONDITIONS

A.

Permanent ventilators may be used for ventilation during construction only after ductwork is
clean, filters are in place, bearings have been lubricated, and fan has been test run under
observation.

PART 2 PRODUCTS
2.01 MANUFACTURERS

A.
B.
C.
D.

Greenheck: www.greenheck.com.

Loren Cook Company: www.lorencook.com.

PennBarry: www.pennbarry.com.

Substitutions: See Section 01 60 00 - Product Requirements.

2.02 POWER VENTILATORS- GENERAL

A.

C.
D.

Performance Ratings: Determined in accordance with AMCA 210 and bearing the AMCA
Certified Rating Seal.

Sound Ratings:  AMCA 301, tested to AMCA 300, and bearing AMCA Certified Sound Rating
Sedl.

Fabrication: Conformto AMCA 99.

Electrical Components: Listed and classified by Underwriters Laboratories Inc. as suitable for
the purpose specified and indicated.

2.03 CABINET AND CEILING EXHAUST FANS

A.

B.

C.

Centrifugal Fan Unit: V-belt or direct driven with galvanized steel housing lined with acoustic
insulation, resilient mounted motor, gravity backdraft damper in discharge.

Disconnect Switch: Nema Rated disconnect with H-O-A switch and thermal overload
proteciton.

Sheaves: Cast iron or steel, dynamically balanced, bored to fit shafts and keyed; variable and
adjustable pitch motor sheaves selected so required rpm is obtained with sheaves set at
mid-position; fan shaft with self-aligning pre-lubricated ball bearings.

PART 3 EXECUTION
3.01 INSTALLATION

A.
B.

Install in accordance with manufacturer's instructions.

Hung Cabinet Fans:

1. Install flexible connections specified in Section 23 33 00 between fan and ductwork.
Ensure metal bands of connectors are parallel with minimum one inch (25 mm) flex
between ductwork and fan while running.

Provide sheaves required for fina air balance.
Install backdraft dampers on inlet to roof and wall exhausters.

Provide backdraft dampers on outlet from cabinet and ceiling exhauster fans and as indicated.
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END OF SECTION
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SECTION 233700

AIROUTLETSAND INLETS
PART 1 GENERAL
1.01 SECTION INCLUDES
A. Diffusers.
B. Registerg/grilles.
1.02 REFERENCE STANDARDS

A. ASHRAE Std 70 - Method of Testing for Rating the Performance of Air Outletsand Inlets;
American Society of Heating, Refrigerating and Air Conditioning Engineers, Inc.; 2006.

1.03 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

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

C. Project Record Documents. Record actual locations of air outlets and inlets.
1.04 QUALITY ASSURANCE

A. Testandrateair outlet and inlet performance in accordance with ASHRAE Std 70.
1.05 QUALITY ASSURANCE

A. Manufacturer Qualifications: Company specializing in manufacturing the type of products
specified in this section, with minimum three years of documented experience.

PART 2 PRODUCTS
2.01 MANUFACTURERS

A. Pricelndustries. www.price-hvac.com.

B. Titus: www.titus-hvac.com.

C. Substitutions: See Section 01 60 00 - Product Requirements.
2.02 RECTANGULAR CEILING DIFFUSERS

A. Type Square, stamped, multi-core diffuser to discharge air in 360 degree pattern with
sectorizing baffles where indicated.

B. Frame: Inverted T-bar type. In plaster ceilings, provide plaster frame and ceiling frame.
C. Fabrication: Steel with baked enamel finish.

D. Accessories. Radial opposed blade damper and multi-louvered equalizing grid with damper
adjustable from diffuser face.

PART 3 EXECUTION
3.01 INSTALLATION

A. Instal in accordance with manufacturer's instructions.
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B. Check location of outlets and inlets and make necessary adjustmentsin position to conform with
architectural features, symmetry, and lighting arrangement.

C. Instal diffusersto ductwork with air tight connection.

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

E. Paint ductwork visible behind air outlets and inlets matte black.

END OF SECTION
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SECTION 238129

VARIABLE REFRIGERANT VOLUME (VRV) HVAC SYSTEM
PART 1 GENERAL
1.01 SECTION INCLUDES

A. Vaiablerefrigerant volume HVAC system includes:
Outdoor/Condensing unit(s).

Indoor/Evaporator units.

Branch selector units.

Refrigerant piping.

Control panels.

Control wiring.

1.02 RELATED REQUIREMENTS
A. Section 01 79 00 - Demonstration and Training.

oA~ wWNE

B. Section 01 91 13 - General Commissioning Requirements.

C. Section 23 23 00 - Refrigerant Piping and Speciaties: Additional requirements for refrigerant
piping system.
1.03 REFERENCE STANDARDS

A. AHRI 210/240 - Standard for Performance Rating of Unitary Air-Conditioning and Air-Source
Heat Pump Equipment; Air-Conditioning, Heating, and Refrigeration Institute; 2008.

B. ASHRAE Std 90.1 - Energy Standard for Buildings Except Low-Rise Residentia Buildings;
American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc; 2007,
Including All Addenda (ANSI/ASHRAE/IESNA Std 90.1).

C. NFPA 70 - National Electrical Code; Nationa Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

D. UL 1995 - Heating and Cooling Equipment; Current Edition, Including All Revisions.
1.04 ADMINISTRATIVE REQUIREMENTS

A. Preinstallation Meeting: Conduct a preinstallation meeting one week prior to the start of the
work of this section; require attendance by all affected installers.

1.05 SUBMITTALS
A. See Section 01 30 00 - Administrative Requirements, for submittal procedures.

B. Pre-Bid Submittals. For proposed substitute systems/products, as defined in PART 2, and
aternate systems/products, as defined above, proposer shall submit all data described in this
article, under the terms given for substitutions stated in PART 2.

C. Design Data:
1. Provide design calculations showing that system will achieve performance specified.
2.  Provide design datarequired by ASHRAE 90.1.

VARIABLE REFRIGERANT VOLUME (VRV) HVAC SYSTEM
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D. Product Data: Submit manufacturer's standard data sheets showing the following for each item
of equipment, marked to correlate to equipment item markings shown in the contract

documents:

1. Outdoor/Central Units:

Refrigerant Type and Size of Charge.
Cooling Capacity: Btu/h (W).
Heating Capacity: Btu/h (W).
Cooling Input Power: Btu/h (KW).
Heating Input Power: Btu/h (KW).

Fan Curves.

External Static Pressure (ESP):  Inches WG (Pa).
Sound Pressure Level: dB(A).
Electrica Data:

1) Maximum Circuit Amps (MCA).
2) Maximum Fuse Amps (MFA).

3) Maximum Starting Current (MSC).
4) Full Load Amps (FLA).

5) Tota Over Current Amps (TOCA).
6) FanMotor: HP(W).

.  Weight and Dimensions.

XTI oSQ o a0 o

m. Maximum number of indoor units that can be served.
n. Maximum refrigerant piping run from outdoor/condenser unit to indoor/evaporator

unit.

0. Maximum height difference between outdoor/condenser unit to indoor/evaporator

unit, both above and below.
p. Control Options.
2. Indoor/Evaporator Units:
Cooling Capacity: Btu/h (W).
Heating Capacity: Btu/h (W).
Cooling Input Power: Btu/h (KW).
Heating Input Power: Btu/h (kW).

Fan Curves.

External Static Pressure (ESP):  Inches WG (Pa).
Sound Pressure level:  dB(A).

Electrica Data:

1) Maximum Circuit Amps (MCA).

2) Maximum Fuse Amps (MFA).

3) Maximum Starting Current (MSC).

4) Full Load Amps (FLA).

5) Tota Over Current Amps (TOCA).

6) FanMotor: HP(W).

j- Maximum Lift of Built-in Condensate Pump.
k. Weight and Dimensions.

. Control Options.

mTQ@ o0 TR

3. Control Panels: Complete description of options, control points, zones/groups.

E. Specimen Warranty: Copy of manufacturer's warranties.
VARIABLE REFRIGERANT VOLUME (VRV) HVAC SYSTEM

Operating Temperature Range, Cooling and Heating.
Air Flow: Cubic feet per minute (Cubic meters per second).

Air Flow: Cubic feet per minute (Cubic meters per second).
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F. Shop Drawings. Installation drawings custom-made for this project; include as-designed
HVAC layouts, locations of equipment items, refrigerant piping sizes and locations, condensate
piping sizes and locations, remote sensing devices, control components, electrical connections,
control wiring connections. Include:

Detailed piping diagrams, with branch balancing devices.

Condensate piping routing, size, and pump connections.

Detailed power wiring diagrams.

Detailed control wiring diagrams.

L ocations of required access through fixed construction.

Drawings required by manufacturer.

perating and Maintenance Data:
Manufacturer's complete standard instructions for each unit of equipment and control
panel.
2. Custom-prepared system operation, troubleshooting, and maintenance instructions and
recommendations.
3. Identification of replaceable parts and local source of supply.
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H. Project Record Documents. Record the following:
1. Asinstalled routing of refrigerant piping and condensate piping.
2. Locations of access panels.
3. Locations of control panels.

.  Warranty: Executed warranty, made out in Owner's name.
1.06 QUALITY ASSURANCE

A. Manufacturer Qualifications:
1. Company that has been manufacturing variable refrigerant volume heat pump equipment
for at least 5 years.
2. Company that provides system design software to installers.

B. Installer Quaifications: Trained and approved by manufacturer of equipment.
1.07 DELIVERY, STORAGE AND HANDLING

A. Déliver, store, and handle equipment and refrigerant piping according to manufacturer's
recommendations.

1.08 WARRANTY

A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements.
PART 2 PRODUCTS
2.01 MANUFACTURERS

A. Basisof Design: The system design shown in the contract documentsis based on equipment
and system designed by Daikin AC; www.daikinac.com.

B. Systemsdesigned and manufactured by other manufacturers will be considered by Delaware
Technical Community College under the terms described for substitutions with the following
exceptions:

1. Substitutions. See Section 01 60 00 - Product Requirements.
2. Substitution requests will be considered only if required submittal datais complete; see
article SUBMITTALS above.
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3. Contractor (not equipment supplier) shal certify that the use of the subgtitute system and
equipment will not require changes to other work or re-design by Delaware Engineering
and Design Corporation.

4. Do not assume substitution has been accepted until formal written notice has been issued
by Delaware Engineering and Design Corporation.

2.02 HVAC SYSTEM DESIGN

A. System Operation: Heating and cooling, simultaneoudly.

1. Zoning: Provide capability for temperature control for each individua indoor/evaporator

unit independently of all other units.

2. Zoning: Provide heating/cooling selection for each individua indoor/evaporator unit

independently of all other units.

3. Provide acomplete functional system that achieves the specified performance based on the
specified design conditions and that is designed and constructed according to the
equipment manufacturer's requirements.

Conditioned spaces are shown on the drawings.

Branch selector unit locations are not shown on the drawings.

Required equipment unit capacities are shown on the drawings.

Refrigerant piping sizes are not shown on the drawings.

Connect equipment to condensate piping provided by others; condensate piping is shown
on the drawings.
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B. Cooling Mode Interior Performance:
1. Daytime Setpoint: 68 degrees F (20 degrees C), plus or minus 2 degrees F (1 degrees C).
2.  Setpoint Range: 57 degrees F (14 degrees C) to 77 degrees F (25 degrees C).
3. Night Setback: 78 degrees F (25 degrees C).
4. Interior Relative Humidity: 20 percent, maximum.

C. Heating Mode Interior Performance:
1. Daytime Setpoint: 68 degrees F (20 degrees C), plus or minus 2 degrees F (1 degrees C).
2. Setpoint Range: 59 degrees F (15 degrees C) to 80 degrees F (27 degrees C).
3. Night Setback: 60 degrees F (15 degrees C).
4. Interior Relative Humidity: 10 percent, minimum.

Outside Air Design Conditions:
Energy Design Wind Speed: 25 mph (40 knvh).

Operating Temperature Ranges:

1. Simultaneous Heating and Cooling Operating Range: minus 4 degrees F (minus 20
degrees C) to 60 degrees F (16 degrees C) dry bulb.

2. Cooling Mode Operating Range: minus 4 degrees F (minus 20 degrees C) to 110 degrees
F (43 degrees C) dry bulb.

3. Heating Mode Operating Range: 0 degrees F (minus 18 degrees C) to 77 degrees F (25
degrees C) dry bulb; minus 4 degrees F (minus 20 degrees C) to 60 degrees F (16 degrees
C) wet bulb; without low ambient controls or auxiliary heat source.

G. Refrigerant Piping Lengths. Provide equipment capable of serving system with following
piping lengths without any oil traps:
1. Minimum Piping Length from Outdoor/Central Unit(s) to Furthest Terminal Unit: 540
feet (165 m), actual; 620 feet (189 m), equivalent.
2. Tota Combined Liquid Line Length: 3280 feet (1000 m), minimum.

VARIABLE REFRIGERANT VOLUME (VRV) HVAC SYSTEM
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3.

Minimum Piping Length Between Indoor Units: 49 feet (15 mm).

H. Control Wiring Lengths:

1

2.
3.

Between Outdoor/Condenser Unit and Indoor/Evaporator Unit: 6,665 feet (2031 m),
minimum.

Between Outdoor/Condenser Unit and Central Controller: 3,330 feet (1015 m), minimum.
Between Indoor/Evaporator Unit and Remote Controller: 1,665 feet (507 m).

I. Controls: Providethefollowing control interfaces:

1

2.

3.
4.

For Each Indoor/Evaporator Unit:  One wall-mounted wired "loca" controller, with
temperature sensor; locate where directed, in each space.

Remote, multizone on/off control panels sufficient to control all units; locate where
directed.

One central remote control panel for entire system; locate where directed.

Onetime clock control panel for entire system; locate where directed.

Local Controllers:  Wall-mounted, wired, containing temperature sensor.

K. Remote Temperature Sensors: In addition to temperature sensors integral with
indoor/evaporator units, provide wall-mounted, wired remote temperature sensors located in the
same room for

gpOdDE

In-ceiling mounted units.

On-ceiling mounted units.

Wall mounted units mounted up high.

Concealed console units.

Exception: Where alocal controller with temperature sensor is provided for the particular
unit and islocated in the same space.

2.03 EQUIPMENT
A. All Units. Factory assembled, wired, and piped and factory tested for function and safety.

1
2.
3.

4,

Refrigerant: R-410A.

Performance Certification: AHRI Certified; www.ahrinet.org.

Safety Certification: Tested to UL 1995 by UL or Intertek-ETL and bearing the
certification label.

Provide outdoor/condensing units capable of serving indoor unit capacity up to 200 percent
of the capacity of the outdoor/condensing unit.

Provide units capable of serving the zones indicated.

Thermal Performance:  Provide heating and cooling capacity as indicated, based on the
following nominal operating conditions:

Energy Efficiency: Report EER and COP based on tests conducted at “full load” in
accordance with AHRI 210/240 or alternate test method approved by U.S. Department of
Energy.

B. Electrical Characteristics:

1.
2.
3.

Power - Branch Sdlector Units: 208 to 230 Volts, single phase, 60 Hz.
Power - Indoor Units: 208 to 230 Volts, single phase, 60 Hz.
208-230 Voltage Range: 187 to 253 volts.

C. System Controls:

1.

Include self diagnostic, auto-check functions to detect malfunctions and display the type
and location.

D. Remote Centralized Control Pand:

VARIABLE REFRIGERANT VOLUME (VRV) HVAC SYSTEM
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E.
F.
G.

Remote On/Off Control Panel:
Time Clock Panel:

Unit Controls: Asrequired to perform input functions necessary to operate system; provided
by manufacturer of units.

1. Outsideair capability.

Wiring:

1. Control Wiring: 18 AWG, 2-conductor, non-shielded, non-polarized, stranded cable.

2. Control Wiring Configuration: Daisy chain.

Refrigerant Piping:

1. Refrigerant Flow Baancing: Provide refrigerant piping joints and headers specifically
designed to ensure proper refrigerant balance and flow for optimum system capacity and
performance; T-style joints are prohibited.

2. Insulate each refrigerant line individually between the condensing and indoor units.

2.04 OUTDOOR/CONDENSING UNITS

A.

Outdoor/Condensing Units: Air-cooled DX refrigeration units, designed specificaly for use
with indoor/evaporator units; factory assembled and wired with all necessary electronic and
refrigerant controls; modular design for ganging multiple units.

1. Refrigeration Circuit: Scroll compressors, motors, fans, condenser coil, electronic

expansion valves, solenoid valves, 4-way valve, distribution headers, capillaries, filters,

shut off valves, oil separators, service ports and refrigerant regulator.

Refrigerant: Factory charged.

Variable Volume Control: Modulate compressor capacity automatically to maintain

constant suction and condensing pressures while varying refrigerant volume to suit

heating/cooling loads.

4. Capable of being installed with wiring and piping to the | eft, right, rear or bottom.

5. Capable of heating operation at low end of operating range as specified, without additional
low ambient controls or auxiliary heat source; during heating operation, reverse cycle
(cooling mode) oil return or defrost is not permitted, due to potential reduction in space
temperature.

6. Sound Pressure Level: Asspecified, measured at 3 feet (one meter) from front of unit;
provide night setback sound control as a standard feature; three selectable sound level steps
of 55 dB, 50 dB, and 45 dB, maximum.

7. Power Failure Mode: Automatically restart operation after power failure without loss of
programmed settings.

8. Provide refrigerant auto-charging feature and refrigerant charge check function.

9. Safety Devices. High pressure sensor and switch, low pressure sensor/switch, control
circuit fuses, crankcase heaters, fusible plug, overload relay, inverter overload protector,
thermal protectors for compressor and fan motors, over current protection for the inverter
and anti-recycling timers.

10. Provide refrigerant sub-cooling to ensure the liquid refrigerant does not flash when
supplying to usindoor units.

11. Oil Recovery Cycle: Automatic, occurring 2 hours after start of operation and then every
8 hours of operation; maintain continuous heating during oil return operation.

12. Controls: Provide contacts for electrical demand shedding.

wnN
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B. Unit Cabinet: Weatherproof and corrosion resistant; rust-proofed mild steel panels coated with
baked enamel finish.

1. Designed to allow side-by-side installation with minimum spacing.

C. Fans. One or more direct-drive propeller type, vertical discharge, with multiple speed

operation via DC (digitally commutating) inverter.

1. Provide minimum of 2 fansfor each condensing unit.

2. Externa Static Pressure:  Factory set at 0.12 in WG (30 Pa), minimum.

3. Indoor Mounted Air-Cooled Units: External static pressure field set at 0.32in WG (80
Pa), minimum; provide for mounting of field-installed ducts.

4. Fan Airflow: Asindicated for specific equipment.

5. FanMotors. Factory installed; permanently lubricated bearings; inherent protection; fan
guard; output as indicated for specific equipment.

D. Condenser Coils. Copper tubes expanded into aluminum fins to form mechanical bond; waffle
louver fin and rifled bore tube design to ensure high efficiency performance.
1. Copper Tube: Hi-X seamless copper tube.
2. Corrosion Protection: Fins coated with anti-corrosion acrylic resin and hydrophilic film
type E1; pipe plates coated with powdered polyester powder coating of 2.0 to 3.0 microns
thickness.

E. Compressors. Scroll type, hermetically sealed, variable speed inverter-driven and fixed speed
in combination to suit total capacity; minimum of one variable speed, inverter driven
compressor per condenser unit; minimum of two compressors per condenser unit; capable of
controlling capacity within range of 6 percent to 100 percent of total capacity.

1. Variable Speed Control: Capable of changing the speed to follow the variationsin total
cooling and heating load as determined by the suction gas pressure; high/low pressures
calculated by samplings of evaporator and condenser temperatures every 20 seconds, with
compressor capacity adjusted to eliminate deviation from target value by changing inverter
frequency or on/off setting of fixed speed compressors.

2. Multiple Condenser Modules: Balance total operation hours of compressors by means of
duty cycling function, providing for sequentia starting of each module at each start/stop
cycle, completion of ail return, and completion of defrost, or every 8 hours.

3. FailureMode: Inthe event of compressor failure, operate remaining compressor(s) at
proportionally reduced capacity; provide microprocessor and associated controls
specifically designed to address this condition.

4. Inverter Driven Compressors. PV M inverter driven, highly efficient reluctance DC
(digitally commutating), hermetically sealed scroll “G2-type” with maximum speed of
7,980 rpm.

5. Rotors: Incorporating neodymium magnets for higher torque and efficiency; at complete
stop of compressor, position rotor into optimum position for low torque start.

6. Provide each compressor with crankcase heater, high pressure safety switch, and internal
thermal overload protector.

7. Provide oil separators and intelligent oil management system.

8. Provide spring mounted vibration isolators.

2.05 BRANCH SELECTOR UNITS

A. Branch Selector Units: Concea ed boxes designed specifically for this type of systemto
control heating/cooling mode selection of downstream units; consisting of electronic expansion
valves, subcooling heat exchanger, refrigerant control piping and electronics to facilitate
communications between unit and main processor and between branch unit and
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indoor/evaporator units.

1

4.

5.
6.

Control direction of refrigerant flow using el ectronic expansion valves; use of solenoid
valves for changeover and pressure equalization is not permitted due to refrigerant noise;
use of multi-port branch selector boxesis not permitted unless spare ports are provided for
redundancy.

Provide one electronic expansion valve for each downstream unit served, except multiple
indoor/evaporator units may be connected, provided balancing joints are used in
downstream piping and total capacity iswithin capacity range of the branch selector.
When branch unit is simultaneously heating and cooling, energize subcooling heat
exchanger.

Casing: Galvanized steel sheet; with flame and heat resistant foamed polyethylene sound
and thermal insulation.

Refrigerant Connections: Braze type.

Condensate Drainage:  Provide unit that does not require condensate drainage.

2.06 INDOOR/EVAPORATOR UNITS

A. All Indoor/Evaporator Units: Factory assembled and tested DX fan-coil units, with electronic
proportional expansion valve, control circuit board, factory wiring and piping, self-diagnostics,
auto-restart function, 3-minute fused time delay, and test run switch.

1
2.

3.

4,
5.

6.
7.

B. Recessed Ceiling Units- 3FT by 3FT: Four-way airflow cassette with central return air grille,

Refrigerant: Refrigerant circuits factory-charged with dehydrated air, for field charging.
Temperature Control Mechanism: Return air thermistor and computerized
Proportional-Integral -Derivative (PID) control of superheat.

Cails: Direct expansion type constructed from copper tubes expanded into aluminum fins
to form a mechanical bond; waffle louver fin and high heat exchange, rifled bore tube
design; factory tested.

a.  Provide thermistor on liquid and gas lines.

Fans: Direct-drive, with statically and dynamically balanced impellers; high and low
speeds unless otherwise indicated; motor thermally protected.

Return Air Filter:  Washable long-life net filter with mildew proof resin, unless otherwise
indicated.

Condensate Drainage: Built-in condensate drain pan with PV C drain connection.

Cabinet Insulation: Sound absorbing foamed polystyrene and polyethylene insulation.

for installation in afixed ceiling.

1.

2.
3.
4

5.
6.
7

8.

0.

Face Size: 33 inches (939 mm) sgquare, nominal.

Cabinet Height: Maximum of 10 inches (250 mm) above face of ceiling.

Exposed Housing: White, impact resistant, with washable decoration panel.

Supply Airflow Adjustment:

a.  Viamotorized louvers which can be horizontally and vertically adjusted from 0 to 90
degrees.

b. Field-modifiableto 3-way and 2-way airflow.

c. Threeauto-swing positions, including standard, draft prevention and ceiling stain
prevention.

Return Air Filter: Manufacturer's standard.

Minimum Capacity: Asindicated on the drawings.

Sound Pressure Range:  Between 28 dB(A) to 33 dB(A) at low speed measured at 5 feet

(2.5 m) below the unit.

Fan: Direct-drive turbo type, with motor output range of 0.06 to 0.12 HP (45 to 90 W).

Condensate Rump:  Built-in, with lift of 21 inches (533 mm), minimum.

10. Provide side-mounted supply air branch duct connection.

VARIABLE REFRIGERANT VOLUME (VRV) HVAC SYSTEM
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11. Provide sde-mounted fresh air intake duct connection.

C. Recessed Celling Units- 2 FT by 2 FT:  Four-way airflow cassette with central return air grille,

sized for installation in standard 24 by 24 inch (610 by 610 mm) lay-in ceiling grid.

1

2.
3.
4
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Cabinet Height: Maximum of 12 inches (305 mm) above face of ceiling.

Exposed Housing: White, impact resistant, with washable decoration panel.
Maintenance Access. All electrical components accessible through decoration panel.
Supply Airflow Adjustment:

a.  Viamotorized louvers which can be horizontally and vertically adjusted from 0 to 90

degrees.

b. Field-modifiableto 3-way and 2-way airflow.

c. Threeauto-swing positions, including standard, draft prevention and ceiling stain
prevention.

Sound Pressure:  Measured at low speed at 5 feet (1.5 m) below unit.

Fan: Direct-driveturbo type.

Condensate Rump:  Built-in, with lift of 21 inches (533 mm), minimum.

Provide side-mounted supply air branch duct connection.

Provide side-mounted fresh air intake duct connection.

D. Wall Surface-Mounted Units: Finished white casing, with removable front grille; foamed
polystyrene and polyethylene sound insulation; wall mounting plate; polystyrene condensate
drain pan.

1

N

ou AW

Airflow Control: Auto-swing louver that closes automatically when unit stops; five (5)
steps of discharge angle, set using remote controller; upon restart, discharge angle
defaulting to same angle as previous operation.

Sound Pressure Range:  Measured at low speed at 3.3 feet (one meter) below and away
from unit.

Condensate Rump:  Built-in, concealed.

Condensate Drain Connection: Back, with piping concealed in wall.

Fan: Direct-drive cross-flow type.

Fan Motor Output Range:  From 0.054 to 0.058 HP (40 to 43 W).

PART 3 EXECUTION
3.01 EXAMINATION

A. Veify that required electrical services have been installed and are in the proper locations prior

to starting installation.

B. Verify that condensate piping has been installed and isin the proper location prior to starting
installation.

C. Notify Delaware Engineering and Design Corporation if conditions for installation are
unsati sfactory.

3.02 INSTALLATION

A. Install in accordance with manufacturer's i nstructions.

B. Instal refrigerant piping in accordance with equipment manufacturer's instructions.
C. Performwiring in accordance with NFPA 70, National Electric Code (NEC).

D. Coordinate with installers of systems and equipment connecting to this system.
3.03 FIELD QUALITY CONTROL

VARIABLE REFRIGERANT VOLUME (VRV) HVAC SYSTEM
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A. Provide manufacturer's field representative to inspect instalation prior to startup.
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3.04 SYSTEM STARTUP
A. Provide manufacturer's field representative to perform system startup.

B. Prepare and start equipment and system in accordance with manufacturer's instructions and
recommendations.

C. Adjust equipment for proper operation within manufacturer's published tolerances.
3.05 CLEANING

A. Clean exposed components of dirt, finger marks, and other disfigurements.
3.06 CLOSEOUT ACTIVITIES

A. See Section 01 78 00 - Closeout Submittals, for closeout submittals.

B. See Section 01 79 00 - Demonstration and Training, for additional requirements.

C. Demonstration: Demonstrate operation of system to Delaware Technical Community College's
personnel.
1. Useoperation and maintenance data as reference during demonstration.
2. Conduct walking tour of project.
3. Briefly describe function, operation, and maintenance of each component.

D. Traning: Train Delaware Technical Community College's personnel on operation and
maintenance of system.
1. Useoperation and maintenance manual astraining reference, supplemented with additional
training materials as required.
2. Provide minimum of one day of training.
3. Ingtructor: Manufacturer's training personnel.
4. Location: At project site.

3.07 PROTECTION
A. Protect installed components from subsequent construction operations.

B. Replace exposed components broken or otherwise damaged beyond repair.

END OF SECTION
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SECTION 26 05 19

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORSAND CABLES

PART 1 GENERAL
1.01 SECTION INCLUDES

H.

© " mo o wp

Single conductor building wire.
Metal-clad cable.

Wire and cable for 600 volts and less.
Wiring connectors.

Electrical tape.

Heat shrink tubing.

Oxide inhibiting compound.

Wire pulling lubricant.

1.02 RELATED REQUIREMENTS

A.
B.

C.

Section 07 84 00 - Firestopping.

Section 26 05 26 - Grounding and Bonding for Electrical Systems. Additional requirements for
grounding conductors and grounding connectors.

Section 26 05 53 - Identification for Electrical Systems: Identification products and
requirements.

1.03 REFERENCE STANDARDS

A.

ASTM B3 - Standard Specification for Soft or Annealed Copper Wire; 2001 (Reapproved
2007).

ASTM B8 - Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard,
Medium-Hard, or Soft; 2011.

ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for
Electrical Purposes; 2010.

ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-Stranded
Copper Conductors for Subsequent Insulation; 2004 (Reapproved 2009).

ASTM B800 - Standard Specification for 8000 Series Aluminum Alloy Wire for Electrica
Purposes - Annealed and Intermediate Tempers; 2005 (Reapproved 2011).

ASTM B801 - Standard Specification for Concentric-Lay-Stranded Conductors of 8000 Series
Aluminum Alloy Wire for Subsequent Covering of Insulation; 2007.

ASTM D3005 - Standard Specification for Low-Temperature Resistant Vinyl Chloride Plastic
Pressure-Sensitive Electrical Insulating Tape; 2010.

ASTM D4388 - Standard Specification for Nonmetallic Semi-Conducting and Electrically
Insulating Rubber Tapes; 2008.

NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
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U.

NECA 104 - Recommended Practice for Installing Aluminum Building Wire and Cable;
National Electrical Contractors Association; 2006 (NECA/AA 104).

NECA 120 - Standard for Installing Armored Cable (AC) and Metal-Clad Cable (MC); National
Electrical Contractors Association; 2006.

NEMA WC 70 - Power Cables Rated 2000 Volts or Less for the Distribution of Electrica
Energy; National Electrical Manufacturers Association; 2009 (ANSI/NEMA WC 70/ICEA
S-95-658).

NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution
Equipment and Systems; International Electrical Testing Association; 2009.

NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

UL 44 - Thermoset-Insulated Wires and Cables; Current Edition, Including All Revisions.
UL 83 - Thermoplastic-Insulated Wires and Cables; Current Edition, Including All Revisions.
UL 486A-486B - Wire Connectors; Current Edition, Including All Revisions.

UL 486C - Splicing Wire Connectors; Current Edition, Including All Revisions.

UL 486D - Sealed Wire Connector Systems; Current Edition, Including All Revisions.

UL 510 - Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape; Current Edition,
Including All Revisions.

UL 1569 - Metal-Clad Cables; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A.

Coordination:

1. Coordinate sizes of raceways, boxes, and equipment enclosures installed under other
sections with the actual conductorsto be installed, including adjustments for conductor
sizesincreased for voltage drop.

2. Coordinate with electrical equipment installed under other sections to provide terminations
suitable for use with the conductors to be installed.

3. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations
from the contract documents. Obtain direction before proceeding with work.

1.05 SUBMITTALS

A.
B.

C.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Product Data:  Provide manufacturer's standard catal og pages and data sheets for conductors
and cables, including detailed information on materials, construction, ratings, listings, and
available sizes, configurations, and stranding.

Project Record Documents.  Record actual installed circuiting arrangements. Record actual
routing for underground circuits.

1.06 QUALITY ASSURANCE

A.

Conform to requirements of NFPA 70.

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
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B.

C.

Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

Manufacturer Qualifications: Company specializing in manufacturing the products specified in

this section with minimum three years documented experience.

1.07 DELIVERY, STORAGE, AND HANDLING

A.

Receive, inspect, handle, and store conductors and cables in accordance with manufacturer's
instructions.

1.08 FIELD CONDITIONS

A.

Do not install or otherwise handle thermoplastic-insulated conductors at temperatures lower
than 14 degrees F (-10 degrees C), unless otherwise permitted by manufacturer's instructions.
When ingtallation below this temperature is unavoidable, notify Delaware Engineering and
Design Corporation and obtain direction before proceeding with work.

PART 2 PRODUCTS
2.01 CONDUCTOR AND CABLE APPLICATIONS

A.

O T mo o

Do not use conductors and cables for applications other than as permitted by NFPA 70 and
product listing.

Provide single conductor building wire installed in suitable raceway unless otherwise indicated,
permitted, or required.

Nonmetallic-sheathed cable is not permitted.

Underground feeder and branch-circuit cable is not permitted.
Service entrance cable is not permitted.

Armored cableis nhot permitted.

Metal-clad cable is permitted only asfollows:
1. Where not otherwise restricted, may be used:
a. Where concealed above accessible ceilings for final connections from junction boxes
to luminaires.
1) Maximum Length: 6 feet (1.8 m).
b. Where concealed in hollow stud walls, above accessible ceilings, and under raised
floorsfor branch circuits up to 20 A.
1) Exception: Provide single conductor building wire in raceway for circuit
homerun from first outlet to panelboard.
2. Inaddition to other applicable restrictions, may not be used:
a  Unless approved by Delaware Technical Community College.
b.  Where not approved for use by the authority having jurisdiction.
c. Where exposed to view.
d. Where exposed to damage.
e. For damp, wet, or corrosive locations, unless provided with a PV C jacket listed as
suitable for those locations.

Concedled Dry Interior Locations:  Use only building wire in raceway or meta clad cable.
Exposed Dry Interior Locations: Use only building wire in raceway.

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
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J.

Above Accessible Ceilings:  Use only building wire in raceway or metal clad cable.

K. Wet or Damp Interior Locations: Use only building wire in raceway.

L.

Exterior Locations: Use only building wire with Type THWN-2 insulation in raceway.

2.02 CONDUCTOR AND CABLE MANUFACTURERS

A.
B.
C.
D.

CerroWireLLC: www.cerrowire.com.

Encore Wire Corporation: www.encorewire.com.

Southwire Company: www.southwire.com.

Substitutions:  See Section 01 60 00 - Product Reguirements.

2.03 ALL CONDUCTORSAND CABLES

A.
B.

I & mmao

Provide products that comply with requirements of NFPA 70.

Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the
purpose indicated.

Unless specifically indicated to be excluded, provide al required conduit, boxes, wiring,
connectors, etc. as required for a complete operating system.

Comply with NEMA WC 70.

Thermoplastic-Insulated Conductors and Cables: Listed and labeled as complying with UL 83.
Thermoset-Insulated Conductors and Cables: Listed and labeled as complying with UL 44.
Conductors for Grounding and Bonding: Also comply with Section 26 05 26.

Conductor Material:

1. Provide copper conductors except where aluminum conductors are specifically indicated.
Substitution of aluminum conductors for copper is not permitted. Conductor sizesindicated
are based on copper unless specifically indicated as aluminum. Conductors designated with
the abbreviation "AL" indicate aluminum.

2. Copper Conductors. Soft drawn annealed, 98 percent conductivity, uncoated copper
conductors complying with ASTM B3, ASTM B8, or ASTM B787/B787M unless
otherwise indicated.

3. Tinned Copper Conductors: Comply with ASTM B33.

4.  Aluminum Conductors (only where specifically indicated or permitted for substitution):
AA-8000 series aluminum alloy conductors recognized by ASTM B800 and compact
stranded in accordance with ASTM B801 unless otherwise indicated.

Minimum Conductor Size:
1. Branch Circuits: 12 AWG.
a.  Exceptions:
1) 20A, 120V circuitslonger than 75 feet (23 m): 10 AWG, for voltage drop.
2) 20A, 120V circuitslonger than 150 feet (46 m): 8 AWG, for voltage drop.
2. Contral Circuits: 14 AWG.

Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable
mi nimum size requirements specified.

Conductor Color Coding:
1. Color code conductors as indicated unless otherwise required by the authority having
jurisdiction. Maintain consistent color coding throughout project.

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
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2. Color Coding Method: Integrally colored insulation.
a.  Conductorssize 4 AWG and larger may have black insulation color coded using vinyl
color coding electrical tape.
3. Color Code:
a. 208Y/120V, 3 Phase, 4 Wire System:
1) PhaseA: Black.
2) PhaseB: Red.
3) PhaseC: Blue
4) Neutral/Grounded: White.
b. Equipment Ground, All Systems: Green.
c. Travelersfor 3-Way and 4-Way Switching: Pink.
d. For control circuits, comply with manufacturer's recommended color code.

2.04 SINGLE CONDUCTOR BUILDING WIRE

A.

G.
H.

Manufacturers:
1. Copper Building Wire:
a CerroWireLLC: www.cerrowire.com.
b. EncoreWire Corporation: www.encorewire.com.
c. Southwire Gompany: www.southwire.com.
d. Substitutions: See Section 01 60 00 - Product Requirements.
2. Aluminum Building Wire (only where specifically indicated or permitted for substitution):
a.  Alcan Praducts Corporation/Alcan Cable (Stabiloy): www.cable.alcan.com.

Description:  Single conductor insulated wire.

Conductor Stranding:
1. Feedersand Branch Circuits:
a Size10 AWG and Smaller: Solid.
b. Sze8 AWG and Larger: Stranded.
2. Control Circuits: Stranded.

Insulation Voltage Rating: 600 V.

Insulation:
1. Copper Building Wire: Type THHN/THWN-2.

Conductor: Copper.
Insulation Voltage Rating: 600 volts.
Insulation: NFPA 70, Type THHN/THWN-2.

2.05 METAL-CLAD CABLE

A.

Manufacturers:

1. AFC Cable Systemsinc: www.afcweb.com.

2. Encore Wire Corporation: www.encorewire.com.

3. Southwire Company: www.southwire.com.

4. Substitutions: See Section 01 60 00 - Product Reguirements.

Description:  NFPA 70, Type MC cable listed and labeled as complying with UL 1569, and
listed for use in classified firestop systems to be used.

Conductor Stranding:
1. Sizel0 AWG and Smaller: Salid.
2. Size8 AWG and Larger: Stranded.
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Q.

Insulation Voltage Rating: 600 V.

Insulation: Type THHN/THWN-2.

Provide oversized neutral conductors where indicated or required.

Provide dedicated neutral conductor for each phase conductor where indicated or required.

Grounding: Full-size integral equipment grounding conductor.
1. Provide additional isolated/insul ated grounding conductor where indicated or required.

Armor:  Aluminum or steel, interlocked tape.

Provide PV C jacket applied over cable armor where indicated or required for environment of
installed location.

Description: NFPA 70, Type MC.

Conductor: Copper.

Insulation Voltage Rating: 600 volts.
Insulation Temperature Rating: 75 degrees C.
Insulation Material: Thermoplastic.

Armor Material: Steel.

Armor Design: Interlocked metal tape.

2.06 WIRING CONNECTORS

A.

F.

Description:  Wiring connectors appropriate for the application, suitable for use with the
conductors to be connected, and listed as complying with UL 486A-486B or UL 486C as
applicable.

Connectors for Grounding and Bonding: Comply with Section 26 05 26.

Wiring Connectors for Splices and Taps:

1. Copper Conductors Size 8 AWG and Smaller: Use twist-on insulated spring connectors.

2. Copper Conductors Size 6 AWG and Larger: Use mechanical connectors or compression
connectors.

Wiring Connectors for Terminations:

1. Provideterminal lugs for connecting conductors to equipment furnished with terminations
designed for terminal lugs.

2. Provide compression adapters for connecting conductors to equipment furnished with
mechanica lugs when only compression connectors are specified.

3. Where over-sized conductors are larger than the equipment terminations can accommodate,
provide connectors suitable for reducing to appropriate size, but not less than required for
the rating of the overcurrent protective device.

4. Provide motor pigtail connectors for connecting motor leads in order to facilitate
disconnection.

5. Copper Conductors Size 8 AWG and Larger: Use mechanical connectors or compression
connectors where connectors are required.

Do not use insulation-piercing or insul ation-displacement connectors designed for use with
conductors without stripping insulation.

Twist-on Insulated Spring Connectors. Rated 600 V, 221 degrees F (105 degrees C) for
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G.
H.

standard applications and 302 degrees F (150 degrees C) for high temperature applications;
pre-filled with sealant and listed as complying with UL 486D for damp and wet |ocations.

Mechanical Connectors. Provide bolted type or set-screw type.

Compression Connectors.  Provide circumferential type or hex type crimp configuration.

2.07 WIRING ACCESSORIES

A.

C.

D.

Electricd Tape:

1. Vinyl Color Coding Electrical Tape: Integrally colored to match color code indicated;
listed as complying with UL 510; minimum thickness of 7 mil (0.18 mm); resistant to
abrasion, corrosion, and sunlight; suitable for continuous temperature environment up to
221 degrees F (105 degrees C).

2. Vinyl Insulating Electrical Tape: Complying with ASTM D3005 and listed as complying
with UL 510; minimum thickness of 7 mil (0.18 mm); resistant to abrasion, corrosion, and
sunlight; conformable for application down to 0 degrees F (-18 degrees C) and suitable for
continuous temperature environment up to 221 degrees F (105 degrees C).

3. Rubber Splicing Electrical Tape: Ethylene Propylene Rubber (EPR) tape, complying with
ASTM D4388; minimum thickness of 30 mil (0.76 mm); suitable for continuous
temperature environment up to 194 degrees F (90 degrees C) and short-term 266 degrees F
(130 degrees C) overload service.

4. Electrical Filler Tape: Rubber-based insulating moldable putty, minimum thickness of
125 mil (3.2 mm); suitable for continuous temperature environment up to 176 degrees F
(80 degrees C).

5. Varnished Cambric Electrical Tape: Cotton cambric fabric tape, with or without adhesive,
oil-primed and coated with high-grade insul ating varnish; minimum thickness of 7 mil
(0.18 mm); suitable for continuous temperature environment up to 221 degrees F (105
degrees C).

6. Moisture Sealing Electrical Tape: Insulating mastic compound laminated to flexible,
all-wesather vinyl backing; minimum thickness of 90 mil (2.3 mm).

Heat Shrink Tubing: Heavy-wall, split-resistant, with factory-applied adhesive; rated 600 V;
suitable for direct buria applications; listed as complying with UL 486D.

Oxide Inhibiting Compound: Listed; suitable for use with the conductors or cables to be
installed.

Wire Pulling Lubricant: Listed; suitable for use with the conductors or cablesto beinstalled
and suitable for use at the installation temperature.

PART 3 EXECUTION
3.01 EXAMINATION

A.
B.

Verify that interior of building has been protected from westher.
Verify that work likely to damage wire and cable has been compl eted.
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C.

D.
E.
F.

A. Clean raceways thoroughly to remove foreign materials before installing conductors and cables.

Verify that raceways, boxes, and equipment enclosures are installed and are properly sized to
accommodate conductors and cables in accordance with NFPA 70.

Verify that raceway installation is complete and supported.

Verify that field measurements are as shown on the drawings.

Verify that conditions are satisfactory for installation prior to starting work.
3.02 PREPARATION

3.03 INSTALLATION

A.

nmmoow

Circuiting Requirements:

1

2.
3.

All exposed raceway shall be runin a neat organized fashion and shall be parralell with
other building systems.

Unless dimensioned, circuit routing indicated is diagrammatic.

When circuit destination isindicated and routing is not shown, determine exact routing
required.

Arrange circuiting to minimize splices.

Include circuit lengths required to install connected devices within 10 ft (3.0 m) of location

shown.

Maintain separation of Class 1, Class 2, and Class 3 remote-control, signaling, and

power-limited circuits in accordance with NFPA 70.

Circuiting Adjustments:  Unless otherwise indicated, when branch circuits are shown as

separate, combining them together in a single raceway is not permitted.

Common Neutrals:  Unless otherwise indicated, sharing of neutral/grounded conductors

among single phase branch circuits is not permitted. Provide dedicated neutral/grounded

conductor for each individual branch circuit.

Provide oversized neutral/grounded conductors where indicated and as specified below.

a. Provide 200 percent rated neutral for feeders serving panelboards with 200 percent
rated neutral bus.

Install products in accordance with manufacturer's instructions.

Install conductors and cable in a neat and workmanlike manner in accordance with NECA 1.

Install aluminum conductors in accordance with NECA 104.
Install metal-clad cable (Type MC) in accordance with NECA 120.

Installation in Raceway:

1
2.
3.

4.

Tape ends of conductors and cablesto prevent infiltration of moisture and other
contaminants.

Pull al conductors and cables together into raceway at same time.

Do not damage conductors and cables or exceed manufacturer's recommended maximum
pulling tension and sidewall pressure.

Use suitable wire pulling lubricant where necessary, except when lubricant is not
recommended by the manufacturer.

Exposed Cable Installation (only where specifically permitted):

1
2.

Route cables parallel or perpendicular to building structural members and surfaces.
Protect cables from physical damage.
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H.

Paralleled Conductors:  Install conductors of the same length and terminate in the same
manner.

Secure and support conductors and cables in accordance with NFPA 70 using suitable supports

and methods approved by the authority having jurisdiction. Provide independent support from

building structure. Do not provide support from raceways, piping, ductwork, or other systems.

1. Installation Above Suspended Ceilings: Do not provide support from ceiling support
system. Do not provide support from ceiling grid or allow conductors and cables to lay on
celling tiles.

2. Ingtalationin Vertical Raceways. Provide supports where vertical rise exceeds
permissible limits.

Terminate cables using suitable fittings.
1. Meta-Clad Cable (Type MC):
a.  Uselisted fittings.
b. Cut cable armor only using specialized tools to prevent damaging conductors or
insulation. Do not use hacksaw or wire cutters to cut armor.
c. Do not use direct-bearing set-screw type fittings for cables with aluminum armor.

Install conductors with aminimum of 12 inches (300 mm) of slack at each outlet.

Where conductors are installed in enclosures for future termination by others, provide a
minimum of 5 feet (1.5 m) of dack.

Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment
enclosures.

Make wiring connections using specified wiring connectors.

1. Make splices and taps only in accessible boxes. Do not pull splicesinto raceways or make
splicesin conduit bodies or wiring gutters.

2. Remove appropriate amount of conductor insulation for making connections without
cutting, nicking or damaging conductors.

3. Do not remove conductor strands to facilitate insertion into connector.

4. Clean contact surfaces on conductors and connectors to suitable remove corrosion, oxides,
and other contaminates. Do not use wire brush on plated connector surfaces.

5. Connections for Aluminum Conductors. Fill connectors with oxide inhibiting compound
where not pre-filled by manufacturer.

6. Mechanical Connectors. Secure connections according to manufacturer's recommended
torque settings.

7. Compression Connectors: Secure connections using manufacturer's recommended tools
and dies.

Insulate splices and taps that are made with uninsulated connectors using methods suitable for
the application, with insulation and mechanical strength at least equivalent to unspliced
conductors.
1. DryLocations: Useinsulating covers specifically designed for the connectors, electrical
tape, or heat shrink tubing.
a.  For taped connections, first apply adequate amount of rubber splicing electrical tape
or electrical filler tape, followed by outer covering of vinyl insulating electrical tape.
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b. For taped connections likely to require re-entering, including motor leads, first apply
varnished cambric electrical tape, followed by adequate amount of rubber splicing
electrical tape, followed by outer covering of vinyl insulating electrical tape.

2. Damp Locations: Useinsulating covers specifically designed for the connectors, electrical
tape, or heat shrink tubing.

a. For connections with insulating covers, apply outer covering of moisture sealing
electrical tape.

b. For taped connections, follow same procedure as for dry locations but apply outer
covering of moisture sealing electrical tape.

3. Wet Locations: Use heat shrink tubing.

Insulate ends of spare conductors using vinyl insulating electrical tape.

Field-Applied Color Coding: Where vinyl color coding electrical tapeisused in lieu of
integrally colored insulation as permitted in Part 2 under "Color Coding", apply half
overlapping turns of tape at each termination and at each location conductors are accessible.

Color Code Legend: Provide identification label identifying color code for ungrounded
conductors at each piece of feeder or branch-circuit distribution equipment when premises has
feeders or branch circuits served by more than one nominal voltage system.

Install firestopping to preserve fire resistance rating of partitions and other elements, using
materials and methods specified in Section 07 84 00.

Unless specifically indicated to be excluded, provide final connectionsto all equipment and
devices, including those furnished by others, as required for a complete operating system.

Install wire and cable securely, in aneat and workmanlike manner, as specified in NECA 1.

Route wire and cable as required to meet project conditions.

1. Wireand cable routing indicated is approximate unless dimensioned.

2. Where wire and cable destination is indicated and routing is not shown, determine exact
routing and lengths required.

. Use wiring methods indicated.

Pull al conductors into raceway at same time.
Use suitable wire pulling lubricant for building wire 4 AWG and larger.

Protect exposed cable from damage.

. Support cables above accessible ceiling, using spring metal clips or metal cable tiesto support

cables from structure or ceiling suspension system. Do not rest cable on ceiling panels.
Use suitable cabl e fittings and connectors.

Neatly train and lace wiring inside boxes, equipment, and panelboards.

Clean conductor surfaces before installing lugs and connectors.

Make splices, taps, and terminations to carry full ampacity of conductors with no perceptible
temperaturerise.
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AF. Use split bolt connectors for copper conductor splices and taps, 6 AWG and larger. Tape
uninsulated conductors and connector with electrical tape to 150 percent of insulation rating of
conductor.

AG. Use solderless pressure connectors with insulating covers for copper conductor splices and taps,
8 AWG and smaller.

AH. Useinsulated spring wire connectors with plastic caps for copper conductor splices and taps, 10
AWG and smaller.

Al. ldentify and color code wire and cable under provisions of Section 26 0553. Identify each
conductor with its circuit number or other designation indicated.

3.04 FIELD QUALITY CONTROL
A. Perform inspection, testing, and adjusting in accordance with Section 01 40 0O.
B. Perform field inspection and testing in accordance with Section 01 40 00.
C. Inspect and test in accordance with NETA STD ATS, except Section 4.
D

Perform inspections and tests listed in NETA STD ATS, Section 7.3.2. The insulation resistance

test isrequired for all conductors. The resistance test for parallel conductors listed as optional is

not required.

1. Disconnect surge protective devices (SPDs) prior to performing any high potential testing.
Replace SPDs damaged by performing high potential testing with SPDs connected.

Correct deficiencies and replace damaged or defective conductors and cables.
F. Performinspections and testslisted in NETA STD ATS, Section 7.3.2.

END OF SECTION
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SECTION 26 05 26

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 GENERAL
1.01 SECTION INCLUDES

I M mUoOOwW>»

Grounding and bonding reguirements.
Conductors for grounding and bonding.
Connectors for grounding and bonding.
Ground bars.

Ground rod el ectrodes.
Chemically-enhanced ground el ectrodes.
Ground enhancement material.
Grounding and bonding components.

Provide all components necessary to complete the grounding system(s) consisting of:
1. Exigting metal underground water pipe.

2. Metal underground water pipe.

3. Maetal frame of the building.

4. Rod electrodes.

1.02 RELATED REQUIREMENTS

A.

C.

Section 26 05 19 - Low-Voltage Electrica Power Conductors and Cables: Additional
regquirements for conductors for grounding and bonding, including conductor color coding.
1. Includes oxide inhibiting compound.

Section 26 05 53 - Identification for Electrical Systems. Identification products and
regquirements.

Section 26 56 00 - Exterior Lighting: Additional grounding and bonding requirements for
pole-mounted luminaires.

1.03 REFERENCE STANDARDS

A.

F.

|EEE 81 - Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface
Potentials of a Ground System; 1983.

NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

NEMA GR 1 - Grounding Rod Electrodes and Grounding Rod Electrode Couplings; National
Electrical Manufacturers Association; 2007.

NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution
Equipment and Systems; Internationa Electrical Testing Association; 20009.

NFPA 70 - Nationa Electrical Code; Nationa Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

UL 467 - Grounding and Bonding Equipment; Current Edition, Including All Revisions.
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1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Verify exact locations of underground metal water service pipe entrances to building.
2. Coordinate the work with other trades to provide stedl reinforcement complying with
specified requirements for concrete-encased el ectrode.
3. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations
from the contract documents. Obtain direction before proceeding with work.

B. Sequencing:
1. Do notinstal ground rod electrodes until final backfill and compaction is complete.

1.05 PERFORMANCE REQUIREMENTS
A. Grounding System Resistance: 5 ohms.
1.06 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide manufacturer's standard catal og pages and data sheets for grounding
and bonding system components.

C. Test Reports: Indicate overal resistance to ground and resistance of each electrode.

D. Project Record Documents. Record actual locations of grounding electrode system
components and connections.

1.07 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Manufacturer Qualifications: Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

D. Installer Quaificationsfor Signal Reference Grids: Company with minimum five years
documented experience with high frequency grounding systems.

1.08 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

B. Products: Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose
specified and indicated.

PART 2 PRODUCTS
2.01 GROUNDING AND BONDING REQUIREMENTS
A. Do not use products for applications other than as permitted by NFPA 70 and product listing.

B. Unless specifically indicated to be excluded, provide all required components, conductors,
connectors, conduit, boxes, fittings, supports, accessories, etc. as necessary for a complete
grounding and bonding system.

C. Where conductor sizeis not indicated, size to comply with NFPA 70 but not |ess than applicable
minimum size requirements specified.
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D. Grounding System Resistance:

1

Achieve specified grounding system resistance under normally dry conditions unless
otherwise approved by Delaware Engineering and Design Corporation. Precipitation within
the previous 48 hours does hot constitute normally dry conditions.

Grounding Electrode System: Not greater than 5 ohms to ground, when tested according
to IEEE 81 using "fall-of -potential” method.

Between Grounding Electrode System and Major Electrical Equipment Frames, System
Neutral, and Derived Neutral Points: Not greater than 0.5 ohms, when tested according to
|EEE 81 using " point-to-point” methods.

E. Grounding Electrode System:

1

Provide connection to required and supplementa grounding el ectrodes indicated to form

grounding electrode system.

a.  Provide continuous grounding electrode conductors without splice or joint.

b. Install grounding €l ectrode conductors in raceway where exposed to physical damage.
Bond grounding electrode conductor to metallic raceways at each end with bonding
jumper.

Metal Underground Water Pipe(s):

a.  Provide connection to underground metal domestic and fire protection (where present)
water service pipe(s) that arein direct contact with earth for at least 10 feet (3.0 m) at
an accessible location not more than 5 feet (1.5 m) from the point of entrance to the
building.

b. Provide bonding jumper(s) around insulating joints/pipes as required to make pipe
electrically continuous.

c. Provide bonding jumper around water meter of sufficient length to permit removal of
meter without disconnecting jumper.

Metal Building or Structure Frame:

a.  Provide connection to metal building or structure frame effectively grounded in
accordance with NFPA 70 at nearest accessible location.

Concrete-Encased Electrode:

a.  Provide connection to concrete-encased el ectrode consisting of not less than 20 feet
(6.0 m) of either steel reinforcing bars or bare copper conductor not smaller than 4
AWG embedded within concrete foundation or footing that isin direct contact with
earth in accordance with NFPA 70.

Ground Rod Electrode(s):

a. Providethree electrodesin an equilateral triangle configuration unless otherwise
indicated or required.

b. Space electrodes not less than 10 feet (3.0 m) from each other and any other ground
electrode.

c.  Wherelocation is not indicated, locate electrode(s) at least 5 feet (1.5 m) outside
building perimeter foundation as near as possible to electrical service entrance; where
possible, locate in softscape (uncovered) area.

d. Provide ground enhancement material around el ectrode.

Provide additional ground electrode(s) as required to achieve specified grounding electrode

system resistance.

Ground Bar: Provide ground bar, separate from service equipment enclosure, for common

connection point of grounding el ectrode system bonding jumpers as permitted in NFPA 70.

Connect grounding electrode conductor provided for service-supplied system grounding to

thisground bar__

a.  Ground Bar Size:  1/4 by 2 by 16 inches minimum unless otherwise indicated or
required.
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b. Where ground bar location is not indicated, locate in accessible location as near as
possible to service disconnect enclosure.

c. Ground Bar Mounting Height: 18 inches (450 mm) above finished floor unless
otherwise indicated.

F. Service-Supplied System Grounding:

1

For each service disconnect, provide grounding electrode conductor to connect neutral
(grounded) service conductor to grounding el ectrode system. Unless otherwise indicated,
make connection at neutral (grounded) bus in service disconnect enclosure.

For each service disconnect, provide main bonding jumper to connect neutral (grounded)
bus to equipment ground bus where not factory-installed. Do not make any other
connections between neutral (grounded) conductors and ground on load side of service
disconnect.

G. Bonding and Equipment Grounding:

1

Provide bonding for equipment grounding conductors, equipment ground busses, metallic

equipment enclosures, metallic raceways and boxes, device grounding terminals, and other

normally non-current-carrying conductive materials enclosing electrical

conductors/equipment or likely to become energized as indicated and in accordance with

NFPA 70.

Provide insulated equipment grounding conductor in each feeder and branch circuit

raceway. Do not use raceways as sole equipment grounding conductor.

Where circuit conductor sizes are increased for voltage drop, increase size of equipment

grounding conductor proportionaly in accordance with NFPA 70.

Unless otherwise indicated, connect wiring device grounding terminal to branch circuit

equipment grounding conductor and to outlet box with bonding jumper.

Terminate branch circuit equipment grounding conductors on solidly bonded equipment

ground bus only. Do not terminate on neutral (grounded) or isolated/insulated ground bus.

Provide bonding jumper across expansion or expansion/deflection fittings provided to

accommodate conduit movement.

Provide bonding for interior metal piping systems in accordance with NFPA 70. This

includes, but is not limited to:

a.  Maetal water piping where not already effectively bonded to metal underground water
pipe used as grounding electrode.

b. Metal gas piping.

c. Metal process piping.

Provide bonding for interior metal air ducts.

Provide bonding for metal building frame where not used as a grounding electrode.

Provide bonding for metal siding not effectively bonded through attachment to metal

building frame.

H. Communications Systems Grounding and Bonding:

1

Provide intersystem bonding termination at service equipment or metering equipment

enclosure and at disconnecting means for any additional buildings or structuresin

accordance with NFPA 70.

Provide bonding jumper in raceway from intersystem bonding termination to each

communications room or backboard and provide ground bar for termination.

a.  Bonding Jumper Size: 6 AWG, unless otherwise indicated or required.

b. Raceway Size: 3/4inch (21 mm) unless otherwise indicated or required.

c. GroundBar Size: 1/4 by 2 by 16 inches minimum unless otherwise indicated or
required.

d. Ground Bar Mounting Height: 18 inches (450 mm) above finished floor unless
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otherwise indicated.
I.  Pole-Mounted Luminaires. Also comply with Section 26 56 00.
2.02 GROUNDING AND BONDING COMPONENTS

A. Genera Requirements:

1. Provide productslisted, classified, and labeled by Underwriter's Laboratories Inc. (UL) or
testing firm acceptable to authority having jurisdiction as suitable for the purpose
indicated.

2. Provide products listed and | abeled as complying with UL 467 where applicable.

B. Conductors for Grounding and Bonding, in addition to requirements of Section 26 05 19:
1. Useinsulated copper conductors unless otherwise indicated.

a.  Exceptions:
1) Use bare copper conductors where installed underground in direct contact with
earth.

2) Use bare copper conductors where directly encased in concrete (not in raceway).

C. Connectorsfor Grounding and Bonding:

1. Description: Connectors appropriate for the application and suitable for the conductors
and items to be connected; listed and |abeled as complying with UL 467.

2. Unless otherwise indicated, use exothermic welded connections or compression connectors
for underground, concealed and other inaccessible connections.

3. Unless otherwise indicated, use mechanical connectors, compression connectors, or
exothermic welded connections for accessible connections.

4. Manufacturers - Mechanica and Compression Connectors:
a.  Burndy: www.burndy.com.
b. Harger Lightning & Grounding: www.harger.com.
c. Thomas & Betts Corporation: www.tnb.com.
d. Substitutions: See Section 01 60 00 - Product Requirements.

5. Manufacturers - Exothermic Welded Connections:
a.  Burndy: www.burndy.com.
b. Cadweld, abrand of Erico International Corporation: www.erico.com.
c. ThermOweld, abrand of Continental Industries, Inc: www.thermoweld.com.
d. Substitutions: See Section 01 60 00 - Product Requirements.

D. Ground Bars:
1. Description: Copper rectangular ground bars with mounting brackets and insulators.
2. Size: Asindicated.
3. Holesfor Connections. Asindicated or as required for connections to be made.
4. Manufacturers:
a  Erico International Corporation: www.erico.com.
b. Harger Lightning & Grounding: www.harger.com.
c. ThermOweld, abrand of Continental Industries, Inc: www.thermoweld.com.
d. Substitutions: See Section 01 60 00 - Product Requirements.

E. Ground Rod Electrodes:
1. Comply with NEMA GR 1.
2. Materia: Copper-bonded (copper-clad) steel.
3. Size: 3/4inch (19 mm) diameter by 10 feet (3.0 m) length, unless otherwise indicated.
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Where rod lengths of greater than 10 feet (3.0 m) are indicated or otherwise required,
sectionalized ground rods may be used.

Manufacturers:

a.  Erico International Corporation: www.erico.com.

b. Galvan Industries, Inc: www.galvanelectrical.com.

c. Harger Lightning & Grounding: www.harger.com.

d. Substitutions: See Section 01 60 00 - Product Requirements.

F. Chemically-Enhanced Ground Electrodes:

1

Description: Copper tube factory-filled with electrolytic salts designed to provide a
low-impedance ground in locations with high soil resistivity; straight (for vertical
installations) or L-shaped (for horizontal installations) as indicated or asrequired.
Length: 10 feet (3.0 m).

Integral Pigtail: Factory-attached, sized not less than grounding electrode conductor to be
attached.

Backfill Material: Grounding enhancement material recommended by electrode
manufacturer.

Manufacturers:

a. Erico International Corporation: www.erico.com.

b. Harger Lightning & Grounding: www.harger.com.

c. ThermOweld, abrand of Continental Industries, Inc: www.thermoweld.com.
d. Substitutions: See Section 01 60 00 - Product Requirements.

G. Ground Enhancement Material:

1

2.
3.

Description:  Factory-mixed conductive material designed for permanent and

mai ntenance-free improvement of grounding effectiveness by lowering resistivity.
Resistivity: Not more than 20 ohm-cmin fina installed form.

Manufacturers:

a.  Erico International Corporation: www.erico.com.

b. Harger Lightning & Grounding: www.harger.com.

c. ThermOweld, abrand of Continental Industries, Inc: www.thermoweld.com.
d. Substitutions: See Section 01 60 00 - Product Requirements.

PART 3 EXECUTION
3.01 EXAMINATION

A.

O 0O W

E.

A.
B.

C.

Verify that work likely to damage grounding and bonding system components has been
completed.

Verify that field measurements are as shown on the drawings.

Verify that conditions are satisfactory for installation prior to starting work.

Verify existing conditions prior to beginning work.

Verify that final backfill and compaction has been completed before driving rod electrodes.
3.02 INSTALLATION

Install products in accordance with manufacturer's instructions.

Install grounding and bonding system components in a neat and workmanlike manner in
accordance with NECA 1.

Ground Rod Electrodes.  Unless otherwise indicated, install ground rod electrodes verticaly.
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Where encountered rock prohibits vertical installation, install at 45 degree angle or bury

horizontally in trench at least 30 inches (750 mm) deep in accordance with NFPA 70 or provide

ground plates.

1. Outdoor Installations. Unless otherwise indicated, install with top of rod 6 inches (150
mm) below finished grade.

2. Indoor Installations: Unless otherwise indicated, install with 4 inches (100 mm) of top of
rod exposed.

Make grounding and bonding connections using specified connectors.

1. Remove appropriate amount of conductor insulation for making connections without
cutting, nicking or damaging conductors. Do not remove conductor strands to facilitate
insertion into connector.

2. Remove nonconductive paint, enamel, or similar coating at threads, contact points, and
contact surfaces.

3. Exothermic Welds: Make connections using molds and weld material suitable for the
items to be connected in accordance with manufacturer's recommendations.

4, Mechanical Connectors:. Secure connections according to manufacturer's recommended
torque settings.

5. Compression Connectors. Secure connections using manufacturer's recommended tools
and dies.

Identify grounding and bonding system components in accordance with Section 26 05 53.

Install ground electrodes at locationsindicated. Install additional rod electrodes as required to
achieve specified resistance to ground.

Provide grounding electrode conductor and connect to reinforcing stedl in foundation footing
whereindicated. Bond steel together.

Provide bonding to meet requirements described in Quality Assurance.

Equipment Grounding Conductor: Provide separate, insulated conductor within each feeder
and branch circuit raceway. Terminate each end on suitable lug, bus, or bushing.

3.03 FIELD QUALITY CONTROL

A.

B
C.
D

m

Perform inspection in accordance with Section 01 40 00.
Inspect and test in accordance with NETA STD ATS except Section 4.
Perform inspections and testslisted in NETA STD ATS, Section 7.13.

Perform ground el ectrode resistance tests under normally dry conditions. Precipitation within
the previous 48 hours does not constitute normally dry conditions.

Investigate and correct deficiencies where measured ground resistances do not comply with
specified requirements.

END OF SECTION
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SECTION 26 05 29

HANGERS AND SUPPORTSFOR ELECTRICAL SYSTEMS

PART 1 GENERAL
1.01 SECTION INCLUDES

A.

Support and attachment components for equipment, conduit, cable, boxes, and other electrical
work.

1.02 RELATED REQUIREMENTS

A.

B
C.
D

m

F.

G.

Section 03 30 00 - Cast-in-Place Concrete:  Concrete equipment pads.
Section 26 05 34 - Conduit: Additional support and attachment requirements for conduits.
Section 26 05 37 - Boxes: Additional support and attachment regquirements for boxes.

Section 26 51 00 - Interior Lighting: Additional support and attachment requirements for
interior luminaires.

Section 26 56 00 - Exterior Lighting: Additional support and attachment regquirements for
exterior luminaires.

Conduit and equipment supports.

Anchors and fasteners.

1.03 REFERENCE STANDARDS

A.

J.

ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2012.

ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel
Hardware; 2009.

ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Sted!;
2011.

MFMA-4 - Metal Framing Standards Publication; Metal Framing Manufacturers Association;
2004.

ICC-ES ACOL1 - Acceptance Criteriafor Expansion Anchorsin Masonry Elements; 20009.
ICC-ES AC193 - Acceptance Criteriafor Mechanical Anchorsin Concrete Elements; 2010

ICC-ES AC308 - Acceptance Criteriafor Post-Installed Adhesive Anchorsin Concrete
Elements; 2009.

NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

NFPA 70 - Nationa Electrical Code; Nationa Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

UL 5B - Strut-Type Channel Raceways and Fittings; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A.

Coordination:
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1. Coordinate sizes and arrangement of supports and bases with the actual equipment and
componentsto be installed.

2. Coordinate the work with other trades to provide additional framing and materia s required
for installation.

3. Coordinate compatibility of support and attachment components with mounting surfaces at
the installed locations.

4. Coordinate the arrangement of supports with ductwork, piping, equipment and other
potential conflictsinstalled under other sections or by others.

5. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations
from the contract documents. Obtain direction before proceeding with work.

B. Sequencing:
1. Donotinstall products on or provide attachment to concrete surfaces until concrete has

fully cured in accordance with Section 03 30 00.

1.05 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide manufacturer's standard catalog pages and data sheets for metal channel
(strut) framing systems, non-penetrating rooftop supports, and post-installed concrete and
masonry anchors.

C. Shop Drawings: Include details for fabricated hangers and supports where materials or
methods other than those indicated are proposed for substitution.

D. Product Data: Provide manufacturer’s catalog data for fastening systems.
1.06 QUALITY ASSURANCE

A. Comply with NFPA 70.

B. Comply with applicable building code.

C. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

B. Products. Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose
specified and indicated.

PART 2 PRODUCTS
2.01 SUPPORT AND ATTACHMENT COMPONENTS

A. Genera Requirements:

1

2.

Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and
hardware as necessary for the complete installation of electrical work.

Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL) or
testing firm acceptable to authority having jurisdiction as suitable for the purpose
indicated, where applicable.
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Where support and attachment component types and sizes are not indicated, select in

accordance with manufacturer's application criteria as required for the load to be supported

with a minimum safety factor of . Include consideration for vibration, equipment

operation, and shock loads where applicable.

Do not use products for applications other than as permitted by NFPA 70 and product

listing.

Do not use wire, chain, perforated pipe strap, or wood for permanent supports unless

specifically indicated or permitted.

Steel Components.  Use corrosion resistant material s suitable for the environment where

installed.

a. Indoor Dry Locations: Use zinc-plated steel or approved equivalent unless otherwise
indicated.

b. Outdoor and Damp or Wet Indoor Locations. Use galvanized steel, stainless stedl, or
approved equivalent unless otherwise indicated.

c. Zinc-Plated Steel: Electroplated in accordance with ASTM B633.

d. Galvanized Steel: Hot-dip galvanized after fabrication in accordance with ASTM
A123/A123M or ASTM A153/A153M.

B. Conduit and Cable Supports: Straps, clamps, etc. suitable for the conduit or cable to be

supported.

1. Conduit Sraps: One-hole or two-hole type; steel or malleableiron.
2. Conduit Clamps: Bolted type unless otherwise indicated.

3.  Manufacturers:

a. Cooper Crouse-Hinds, adivision of Cooper Industries: www.cooperindustries.com.

b. Erico International Corporation: www.erico.com.

c. 0O-Z/Gedney, abrand of Emerson Industrial Automation:
www.emersonindustrial.com.

d. Thomas & Betts Corporation: www.tnb.com.

e. Substitutions: See Section 01 60 00 - Product Requirements.

C. Outlet Box Supports: Hangers, brackets, etc. suitable for the boxesto be supported.

1

Manufacturers:

a.  Cooper Crouse-Hinds, adivision of Cooper Industries: www.cooperindustries.com.

b. Erico International Corporation: www.erico.com.

c. 0-Z/Gedney, abrand of Emerson Industrial Automation:
www.emersonindustrial.com.

d. Thomas & Betts Corporation: www.tnb.com.

€. Subgtitutions: See Section 01 60 00 - Product Requirements.

D. Meta Channd (Strut) Framing Systems. Factory-fabricated continuous-slot metal channel

(strut) and associated fittings, accessories, and hardware required for field-assembly of supports.

1
2.

Comply with MFMA-4.

Channel Material:

a Indoor Dry Locations: Use painted steel, zinc-plated steel, or galvanized stedl.

b. Outdoor and Damp or Wet Indoor Locations: Use galvanized steel.

Minimum Channel Thickness: 12 gauge (2.6 mm).

Minimum Channel Dimensions. 1-5/8 inch (41 mm) width by 13/16 inch (21 mm) height.
Manufacturers:

a. Cooper B-Line, adivision of Cooper Industries: www.cooperindustries.com.

b. Thomas & Betts Corporation: www.tnb.com.

c. Unistrut, abrand of Atkore Internationa Inc: www.unistrut.com.
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d. Substitutions: See Section 01 60 00 - Product Requirements.
e. SourcelLimitations: Furnish channels (struts) and associated fittings, accessories, and
hardware produced by a single manufacturer.

E. Hanger Rods. Threaded zinc-plated steel unless otherwise indicated.

1

Minimum Size, Unless Otherwise Indicated or Required:

a.  Equipment Supports:  1/2 inch (13 mm) diameter.

b. Single Conduit up to 1 inch (27mm) trade size: 1/4 inch (6 mm) diameter.

c. Single Conduit larger than 1 inch (27mm) trade size:  3/8 inch (10 mm) diameter.
d. Trapeze Support for Multiple Conduits: 3/8 inch (10 mm) diameter.

e. Outlet Boxes. 1/4inch (6 mm) diameter.

f. Luminaires: 1/4inch (6 mm) diameter.

F. Anchorsand Fasteners:

1

BOONOOR~WDN

o

11.

12.

Unless otherwise indicated and where not otherwise restricted, use the anchor and fastener
types indicated for the specified applications.

Concrete:  Use preset concrete inserts, expansion anchors, or screw anchors.

Solid or Grout-Filled Masonry:  Use expansion anchors or screw anchors.

Hollow Masonry: Use toggle bolts.

Hollow Stud Walls:  Usetoggle bolts.

Steel:  Use beam clamps, machine bolts, or welded threaded studs.

Sheet Metal: Use sheet metal screws.

Wood: Usewood screws.

Plastic and lead anchors are not permitted.

Preset Concrete Inserts:  Continuous metal channel (strut) and spot inserts specifically
designed to be cast in concrete ceilings, walls, and floors.

a  Comply with MFMA-4.

b. Channel Material: Use galvanized steel.

c.  Minimum Channel Thickness: 12 gauge (2.6 mm).

d. Manufacturer: Same as manufacturer of metal channel (strut) framing system.
Post-Installed Concrete and Masonry Anchors:  Evaluated and recognized by ICC
Evaluation Service, LLC (ICC-ES) for compliance with applicable building code.
Manufacturers - Mechanical Anchors:

a  Hilti, Inc:  www.us.hilti.com.

b. ITW Red Head, adivision of Illinois Tool Works, Inc:  www.itwredhead.com.
c. PowersFasteners, Inc: www.powers.com.

d. Simpson Strong-Tie Gompany Inc: www.strongtie.com.

e. Substitutions: See Section 01 60 00 - Product Requirements.

2.02 MANUFACTURERS
A. Thomas & Betts CGorporation: www.tnb.com.
B. Threaded Rod Company: www.threadedrod.com.
C. Substitutions: See Section 01 60 00 - Product Requirements.
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2.03 MATERIALS

A. Hangers, Supports, Anchors, and Fasteners - General: Corrosion-resistant materials of size and
type adequate to carry the loads of equipment and conduit, including weight of wire in conduit.

B. Supports. Fabricated of structura steel or formed steel members; galvanized.

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 26 05 2



DTCC Powerplant Education Facility
Sussex County Airport & Industrial Park

Delaware Technical Community College

Owens Campus, Georgetown, Delaware

C. Anchorsand Fasteners:

1. Refer to the attached table:
Drop-in Sleeve Anchors

I

I

I

I

I I

Brick X
Concrete X X
Concrete Block X
Cinder Block
Stone
Marble
Building Tile
Ceramic Tile
Terrazzo X
Terra Cotta
Plaster
Drywall
Slate
Stedl

X X

Expansion Machine Bolt Anchors
Lag Shield Anchors
Nail-in Anchors
| Toggle Bolts
| Hollow Wall Anchors
| | Power Driven Studs
X X
X

X X—————
XX X————
X
X

X

X XX XX
>
X X X
x

X
X X X X

X

ANCHOR HARDWARE TABLE
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D.

Fastener Types:

Concrete Wedge Expansion Anchors.  Complying with ICC-ES AC193.
Masonry Wedge Expansion Anchors.  Complying with ICC-ES ACO1.
Concrete Screw Type Anchors:  Complying with ICC-ES AC193.
Masonry Screw Type Anchors:  Complying with ICC-ES AC106.
Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308.
Other Types. As required.

oUW E

PART 3 EXECUTION
3.01 INSTALLATION

A.
B.

<0 X«

Install productsin accordance with manufacturer'sinstructions.

Install support and attachment componentsin a neat and workmanlike manner in accordance
with NECA 1.

Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES)
evaluation report conditions of use where applicable.

Provide independent support from building structure. Do not provide support from piping,
ductwork, or other systems.

Unless specifically indicated or approved by Delaware Engineering and Design Corporation, do
not provide support from suspended ceiling support system or ceiling grid.

Unless specifically indicated or approved by Delaware Engineering and Design Corporation, do
not provide support from roof deck.

Do not penetrate or otherwise notch or cut structural members without approval of Structural
Engineer.

Equipment Support and Attachment:

1. Usemetal fabricated supports or supports assembled from metal channel (strut) to support
equipment as required.

2. Use metal channd (strut) secured to studs to support equipment surface-mounted on
hollow stud walls when wall strength is not sufficient to resist pull-out.

3. Usemetal channed (strut) to support surface-mounted equipment in wet or damp locations
to provide space between equipment and mounting surface.

4. Securely fasten floor-mounted equipment. Do not install equipment such that it relies on its
own weight for support.

Conduit Support and Attachment:  Also comply with Section 26 05 34.

Box Support and Attachment:  Also comply with Section 26 05 37.

Interior Luminaire Support and Attachment:  Also comply with Section 26 51 Q0.
Exterior Luminaire Support and Attachment: Also comply with Section 26 56 00.

Preset Concrete Inserts:  Use manufacturer provided closure strips to inhibit concrete seepage
during concrete pour.

Secure fasteners according to manufacturer's recommended torque settings.

Remove temporary supports.

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS
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3.02 FIELD QUALITY CONTROL

A.
B.
C.

See Section 01 40 00 - Quality Requirements, for additional requirements.
Inspect support and attachment components for damage and defects.

Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by
manufacturer. Replace components that exhibit signs of corrosion.

Correct deficiencies and replace damaged or defective support and attachment components.

Install hangers and supports as required to adequately and securely support electrical system
components, in aneat and workmanlike manner, as specified in NECA 1.

1. Do not fasten supports to pipes, ducts, mechanical equipment, or conduit.

2. Do not drill or cut structural members.

Rigidly weld support members or use hexagon-head bolts to present neat appearance with
adequate strength and rigidity. Use spring lock washers under all nuts.

Install surface-mounted cabinets and panel boards with minimum of four anchors.

In wet and damp locations use sted channel supports to stand cabinets and panelboards 1-5/8"
off wall.

Use sheet metal channel to bridge studs above and below cabinets and panelboards recessed in
hollow partitions.

END OF SECTION
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SECTION 26 05 34

CONDUIT
PART 1 GENERAL
1.01 SECTION INCLUDES
Galvanized stedl rigid metal conduit (RMC).
Aluminum rigid metal conduit (RMC).
PV C-coated galvanized steel rigid metal conduit (RMC).
Flexible metal conduit (FMC).
Liquidtight flexible metal conduit (LFMC).
Electrica metallic tubing (EMT).
Rigid polyvinyl chloride (PVC) conduit.

I Gmm©oOOoO w>»

Conduit fittings.

Accessories.

J. Conduit, fittings and conduit bodies.
1.02 RELATED REQUIREMENTS

A. Section 07 84 00 - Firestopping.

B. Section 26 05 19 - Low-Voltage Electrical Power Conductors and Cables: Metal clad cable
(Type MC) and armored cable (Type AC), including uses permitted.

C. Section 26 05 26 - Grounding and Bonding for Electrical Systems.
1. Includes additional requirements for fittings for grounding and bonding.

D. Section 26 05 29 - Hangers and Supports for Electrical Systems.
E. Section 26 05 35 - Surface Raceways.

F. Section 26 05 37 - Boxes.
G

Section 26 05 53 - Identification for Electrical Systems: Identification products and
requirements.

H. Section 26 27 01 - Electrical Service Entrance: Additional requirements for electrica service
conduits.

I.  Section 27 10 05 - Structured Cabling for Voice and Data - Inside-Plant:  Additional
reguirements for communications systems conduits.

J. Section 31 23 16 - Excavation.
K. Section 3123 16.13 - Trenching: Excavating, bedding, and backfilling.
L. Section 312323- Fill: Bedding and backfilling.
1.03 REFERENCE STANDARDS
A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC); 2005.
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R.

S.

ANSI C80.3 - American National Standard for Steel Electrical Metallic Tubing (EMT); 2005.

ANSI C80.5 - American National Standard for Electrical Rigid Aluminum Conduit (ERAC);
2005.

NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT); Nationa Electrica
Contractors Association; 2006.

NECA 102 - Standard for Installing Aluminum Rigid Metal Conduit; National Electrical
Contractors Associ ation; 2004.

NECA 111 - Standard for Installing Nonmetallic Raceways (RNC, ENT, LFNC); Nationa
Electrica Contractors Association; 2003.

NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic
Tubing, and Cable; Nationa Electrical Manufacturers Association; 2012 (ANSI/NEMA FB 1).

NEMA RN 1 - Polyvinyl-Chloride (PVC) Externally Coated Galvanized Rigid Steel Conduit
and Intermediate Metal Conduit; National Electrical Manufacturers Association; 2005.

NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Conduit; National Electrical Manufacturers
Association; 2003.

NEMA TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PV C Conduit and Tubing;
National Electrica Manufacturers Association; 2004.

NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

. UL 1- Flexible Metal Conduit; Current Edition, Including All Revisions.

UL 6 - Electrical Rigid Metal Conduit-Steel; Current Edition, Including All Revisions.

UL 6A - Electrical Rigid Metal Conduit-Aluminum, Red Brass, and Stainless Steel; Current
Edition, Including All Revisions.

UL 360 - Liquid-Tight Flexible Steel Conduit; Current Edition, Including All Revisions.
UL 514B - Conduit, Tubing, and Cable Fittings; Current Edition, Including All Revisions.

UL 651 - Schedule 40 and 80 Rigid PV C Conduit and Fittings; Current Edition, Including All
Revisions.

UL 797 - Electrical Metallic Tubing-Steel; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A.

Coordination:

1. Coordinate minimum sizes of conduits with the actual conductors to be installed, including
adjustments for conductor sizes increased for voltage drop.

2. Coordinate the arrangement of conduits with structural members, ductwork, piping,
equipment and other potential conflictsinstalled under other sections or by others.

3. Verify exact conduit termination locations required for boxes, enclosures, and equipment
installed under other sections or by others.
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4. Coordinate the work with other trades to provide roof penetrations that preserve the
integrity of the roofing system and do not void the roof warranty.

5. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations
from the contract documents. Obtain direction before proceeding with work.

B. Sequencing:
1. Do not begin installation of conductors and cables until installation of conduit is complete
between outlet, junction and splicing points.

1.05 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide manufacturer's standard catalog pages and data sheets for conduits and
fittings.

C. Project Record Documents. Record actual routing for conduits installed underground and
conduits 2 inch (53 mm) trade size and larger.
1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Products: Listed and classified by Underwriters Laboratories Inc. as suitable for purpose
specified and shown.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store conduit and fittings in accordance with manufacturer's
instructions.

B. Accept conduit on site.  Inspect for damage.

Protect conduit from corrosion and entrance of debris by storing above grade. Provide
appropriate covering.

PART 2 PRODUCTS
2.01 CONDUIT APPLICATIONS

A. Do not use conduit and associated fittings for applications other than as permitted by NFPA 70
and product listing.

B. Unless otherwise indicated and where not otherwise restricted, use the conduit types indicated
for the specified applications. Where more than one listed application applies, comply with the
most restrictive requirements. Where conduit type for a particular application is not specified,
use galvanized stedl rigid metal conduit.

C. Underground:

1. Under Sabon Grade: Userigid PV C conduit.

2. Exterior, Direct-Buried: Userigid PV C conduit.

3. Exterior, Embedded Within Concrete:  Userigid PV C conduit.

4. Whererigid polyvinyl (PVC) conduit is provided, transition to galvanized steel rigid metal
conduit where emerging from underground.

5. Whererigid polyvinyl (PVC) conduit larger than 2 inch (53 mm) trade size is provided, use
galvanized steel rigid metal conduit elbows for bends.
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6. Where sted conduit isinstalled in direct contact with earth where soil has aresitivity of
less than 2000 ohm-centimeters or is characterized as severely corrosive based on soils
report or loca experience, use corrosion protection tape to provide supplementary
corrosion protection or use PV C-coated galvanized steel rigid metal conduit.

7.  Where stedl conduit emerges from concrete into soil, use corrosion protection tape to
provide supplementary corrosion protection for aminimum of 4 inches (100 mm) on either
side of where conduit emerges or use PV C-coated galvanized steel rigid metal conduit.

Embedded Within Concrete:
1. Within Sabon Grade: Not permitted.
2. Within Slab Above Ground: Not permitted.

Concealed Within Masonry Walls:  Use galvanized steel rigid metal conduit or electrical
metallic tubing (EMT).

Concea ed Within Hollow Stud Walls. Use galvanized steel rigid metal conduit or electrical
metallic tubing (EMT).

Conceded Above Accessible Ceilings:  Use galvanized steel rigid metal conduit or el ectrical
metallic tubing (EMT).

Interior, Damp or Wet Locations: Use galvanized steel rigid metal conduit.
Exposed, Interior, Not Subject to Physical Damage: Use electrical metallic tubing (EMT).

Exposed, Interior, Subject to Physical Damage: Use galvanized sted rigid metal conduit.
1. Locations subject to physical damage include, but are not limited to:
a.  Where exposed below 8 feet (2.4 m), except within electrical and communication
rooms or closets.
b. Where exposed below 20 feet (6.1 m) in warehouse areas.

Exposed, Exterior: Use galvanized steel rigid metal conduit.

Corrosive Locations Above Ground:  Use PV C-coated galvanized steel rigid metal conduit or
aluminum rigid metal conduit.

. Connections to Luminaires Above Accessible Ceilings. Use flexible metal conduit.

1. Maximum Length: 6 feet (1.8 m).

Connections to Vibrating Equipment:

Dry Locations: Use flexible metal conduit.

Damp, Wet, or Corrosive Locations:  Use liquidtight flexible metal conduit.
Maximum Length: 18 inches unless otherwise indicated.

Vibrating equipment includes, but is not limited to:

a.  Transformers.

b. Motors.

pPWODNE

2.02 CONDUIT REQUIREMENTS

A.

mooOow

Electrical Service Conduits: Also comply with Section 26 27 01.

Communications Systems Conduits: Also comply with Section 27 10 05.

Fittings for Grounding and Bonding: Also comply with Section 26 05 26.

Provide all conduit, fittings, supports, and accessories required for a complete raceway system.

Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL) or
testing firm acceptabl e to authority having jurisdiction as suitable for the purpose indicated.
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F.  Minimum Conduit Size, Unless Otherwise Indicated:

Branch Circuits: 3/4 inch (21 mm) trade size.

Branch Circuit Homeruns:  3/4 inch (21 mm) trade size.

Control Circuits: 1/2 inch (16 mm) trade size.

Flexible Connectionsto Luminaires. 3/8 inch (12 mm) trade size.
Underground, Interior: 3/4 inch (21 mm) trade size.
Underground, Exterior: 1 inch (27 mm) trade size.

oukhwdpE

G. Where conduit sizeis not indicated, size to comply with NFPA 70 but not less than applicable
minimum size requirements specified.

2.03 GALVANIZED STEEL RIGID METAL CONDUIT (RMC)

A. Manufacturers:
1. Allied Tube & Conduit: www.alliedeg.com.
2.  Republic Conduit: www.republic-conduit.com.
3. Wheatland Tube Gompany: www.wheatland.com.
4, Substitutions: See Section 01 60 00 - Product Reguirements.

B. Description: NFPA 70, Type RMC galvanized stedl rigid metal conduit complying with ANSI
C80.1 and listed and labeled as complying with UL 6.

C. Fittings:

1. Manufacturers:
a.  Bridgeport Fittings Inc:  www.bptfittings.com.
b. 0-Z/Gedney, abrand of Emerson Industrial Automation:

www.emersonindustrial.com.

c. Thomas & Betts Corporation: www.tnb.com.
d. Substitutions: See Section 01 60 00 - Product Requirements.

2. Non-Hazardous Locations: Use fittings complying with NEMA FB 1 and listed and
labeled as complying with UL 514B.

3. Materia: Usesteel, maleableiron, or die cast zinc.

4. Connectorsand Couplings: Use threaded type fittings only. Threadless set screw and
compression (gland) type fittings are not permitted.

2.04 ALUMINUM RIGID METAL CONDUIT (RMC)

A. Manufacturers:
1. Allied Tube & Conduit: www.alliedeg.com.
2. Republic Conduit: www.republic-conduit.com.
3. Wheatland Tube Gompany: www.wheatland.com.
4, Substitutions: See Section 01 60 00 - Product Reguirements.

B. Description: NFPA 70, Type RMC duminum rigid metal conduit complying with ANSI C80.5
and listed and labeled as complying with UL 6A.

C. Fittings:
1. Manufacturers:
a. Bridgeport Fittings Inc:  www.bptfittings.com.
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b. O-Z/Gedney, abrand of Emerson Industrial Automation:
www.emersonindustrial.com.

c. Thomas & Betts Corporation: www.tnb.com.
d. Substitutions: See Section 01 60 00 - Product Requirements.

2. Non-Hazardous Locations: Use fittings complying with NEMA FB 1 and listed and
labeled as complying with UL 514B.

3. Materia: Useauminum.

4. Connectorsand Couplings: Use threaded type fittings only. Threadless set screw and
compression (gland) type fittings are not permitted.

2.05 PVC-COATED GALVANIZED STEEL RIGID METAL CONDUIT (RMC)

A.

Manufacturers:

1. Thomas & Betts Corporation: www.tnb.com.

2. Robroy Industries:  www.robroy.com.

3. Subgtitutions: See Section 01 60 00 - Product Requirements.

Description:  NFPA 70, Type RMC galvanized stedl rigid metal conduit with external
polyvinyl chloride (PV C) coating complying with NEMA RN 1 and listed and labeled as
complying with UL 6.

Exterior Coating: Polyvinyl chloride (PVC), nominal thickness of 40 mil (1.02 mm).

PV C-Coated Fittings:

1. Manufacturer: Same as manufacturer of PV C-coated conduit to be installed.

2. Non-Hazardous Locations: Use fittings listed and labeled as complying with UL 514B.
3. Materia: Usesteel or malleableiron.

4. Exterior Coating: Polyvinyl chloride (PV C), minimum thickness of 40 mil (1.02 mm).

PV C-Coated Supports. Furnish with exterior coating of polyvinyl chloride (PVC), minimum
thickness of 15 mil (0.38 mm).

2.06 FLEXIBLE METAL CONDUIT (FMC)

A.

D.

Manufacturers:

1. AFC Cable Systems, Inc:  www.afcweb.com.

2. Electri-Flex Company: www.electriflex.com.

3. International Metal Hose:  www.metalhose.com.

4. Substitutions: See Section 01 60 00 - Product Requirements.

Description: NFPA 70, Type FMC standard wall stedl flexible metal conduit listed and labeled
as complying with UL 1, and listed for use in classified firestop systems to be used.

Fittings:
1. Manufacturers:
a. Bridgeport FittingsInc: www.bptfittings.com.
b. 0O-Z/Gedney, abrand of Emerson Industrial Automation:
www.emersonindustrial.com.
c. Thomas & Betts Corporation: www.tnb.com.
d. Substitutions. See Section 01 60 00 - Product Requirements.
2. Description: Fittings complying with NEMA FB 1 and listed and labeled as complying
with UL 514B.
3. Materia: Use stedl, malleableiron, auminum, or die cast zinc.

Description: Interlocked steel construction.
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E. Fittingss NEMA FB 1.
2.07 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC)
A. Manufacturers:

1
2.
3.
4.

AFC Cable Systems, Inc:  www.afcweb.com.

Electri-Flex Company: www.electriflex.com.

International Metal Hose:  www.metal hose.com.
Substitutions. See Section 01 60 00 - Product Requirements.

B. Description: NFPA 70, Type LFMC polyvinyl chloride (PVC) jacketed stedl flexible metal
conduit listed and labeled as complying with UL 360.

C. Fittings:

1

2.

3.

Manufacturers:

a.  Bridgeport Fittings Inc:  www.bptfittings.com.

b. 0O-Z/Gedney, abrand of Emerson Industrial Automation:
www.emersonindustrial.com.

c. Thomas & Betts Corporation: www.tnb.com.

d. Substitutions: See Section 01 60 00 - Product Requirements.

Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying

with UL 514B.

Material: Use steel, malleable iron, aluminum, or die cast zinc.

D. Description: Interlocked stedl construction with PV C jacket.
E. Fittingss NEMA FB 1.

2.08 ELECTRICAL METALLIC TUBING (EMT)
A. Manufacturers:

abrwbdE

Allied Tube & Conduit: www.alliedeg.com.

Republic Conduit:  www.republic-conduit.com.

Wheatland Tube Company: www.wheatland.com.

Triangle

Substitutions:  See Section 01 60 00 - Product Reguirements.

B. Description: NFPA 70, Type EMT stedl electrical metallic tubing complying with ANSI C80.3
and listed and labeled as complying with UL 797.

C. Fittings:

1

Manufacturers:

a.  Bridgeport Fittings Inc:  www.bptfittings.com.

b. 0O-Z/Gedney, abrand of Emerson Industrial Automation:
www.emersonindustrial.com.

c. Thomas & Betts Corporation: www.tnb.com.

d. Substitutions: See Section 01 60 00 - Product Requirements.

Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying

with UL 514B.

Material: Use steel or malleableiron.

Connectors and Couplings:  Use compression (gland) type.

a Do not use indenter type connectors and couplings.

b. Do not use set-screw type connectors and couplings.

D. Description: ANSI C80.3; galvanized tubing.

CONDUIT
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E.

Fittings and Conduit Bodies: NEMA FB 1; stedl or malleable iron compression type.

2.09 RIGID POLYVINYL CHLORIDE (PVC) CONDUIT

A.

Manufacturers:

1. Cantex Inc: www.cantexinc.com.

2. Carlon, abrand of Thomas & Betts Corporation: www.carlon.com.
3. M Eagle. www.jmeagle.com.

4. Substitutions: See Section 01 60 00 - Product Reguirements.

Description: NFPA 70, Type PVCrigid polyvinyl chloride conduit complying with NEMA TC
2 and listed and labeled as complying with UL 651; Schedule 40 unless otherwise indicated,
Schedule 80 where subject to physical damage; rated for use with conductors rated 90 degrees
C.

Fittings:

1. Manufacturer: Same as manufacturer of conduit to be connected.

2. Description: Fittings complying with NEMA TC 3 and listed and labeled as complying
with UL 651; material to match conduit.

2.10 ACCESSORIES

A.
B.

Corrosion Rotection Tape: PV C-based, minimum thickness of 20 mil (0.51 mm).

Conduit Joint Compound: Corrosion-resistant, electrically conductive; suitable for use with the
conduit to be installed.

Solvent Cement for PV C Conduit and Fittings: As recommended by manufacturer of conduit
and fittings to be installed.

Pull Strings: Use nylon cord with average breaking strength of not less than 200 pound-force
(890 N).

Sealing Compound for Sealing Fittings: Listed for use with the particular fittingsto be
installed.

Modular Seals for Conduit Penetrations: Rated for minimum of 40 psig; Suitable for the
conduitsto be installed.

PART 3 EXECUTION
3.01 EXAMINATION

A.

B
C.
D

Verify that field measurements are as shown on drawings.
Verify that mounting surfaces are ready to receive conduits.
Verify that conditions are satisfactory for installation prior to starting work.

Conduit routing is shown on drawings in approximate locations unless dimensioned. Route as
required to complete wiring system.

3.02 INSTALLATION

A.
B.
C.
D.

Install productsin accordance with manufacturer's instructions.

Install conduit in a neat and workmanlike manner in accordance with NECA 1.
Install galvanized stedl rigid metal conduit (RMC) in accordance with NECA 101.
Install aluminum rigid metal conduit (RMC) in accordance with NECA 102.
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E. Install PVC-coated galvanized steel rigid metal conduit (RMC) using only tools approved by the
manufacturer.

F. Instal rigid polyvinyl chloride (PVC) conduit in accordance with NECA 111.
G. Conduit Routing:

1
2.

3.
4.

o N

10.
11.

12.

13.

14.

Unless dimensioned, conduit routing indicated is diagrammatic.

When conduit destination is indicated and routing is not shown, determine exact routing
required.

Conced dl conduits unless specifically indicated to be exposed.

Conduitsin the following areas may be exposed, unless otherwise indicated:

a. Electrical rooms.

b. Mechanical equipment rooms.

c. Withinjoistsin areaswith no ceiling.

Unless otherwise approved, do not route conduits exposed:

a Acrossfloors.

b. Acrossroofs.

c. Acrosstop of parapet walls.

d. Across building exterior surfaces.

Conduits installed underground or embedded in concrete may be routed in the shortest
possible manner unless otherwise indicated. Route al other conduits parallel or
perpendicular to building structure and surfaces, following surface contours where
practical.

Arrange conduit to maintain adegquate headroom, clearances, and access.

Arrange conduit to provide no more than the equivalent of four 90 degree bends between
pull points.

Arrange conduit to provide no more than 150 feet (46 m) between pull points.

Route conduits above water and drain piping where possible.

Arrange conduit to prevent moisture traps. Provide drain fittings at low points and at
sealing fittings where moisture may collect.

Maintain minimum clearance of 6 inches (150 mm) between conduits and piping for other
systems.

Maintain minimum clearance of 12 inches (300 mm) between conduits and hot surfaces.
Thisincludes, but is not limited to:

a Heaters.
b. Hot water piping.
c. Hues.

Group pardle conduits in the same area together on a common rack.

H. Conduit Support:

1

2.

3.

CONDUIT

Secure and support conduits in accordance with NFPA 70 and Section 26 05 29 using

suitable supports and methods approved by the authority having jurisdiction.

Provide independent support from building structure. Do not provide support from piping,

ductwork, or other systems.

Installation Above Suspended Ceilings: Do not provide support from ceiling support

system. Do not provide support from ceiling grid or allow conduits to lay on ceiling tiles.

Use conduit strap to support single surface-mounted conduit.

a.  Use clamp back spacer with conduit strap for damp and wet locations to provide space
between conduit and mounting surface.

260534- 9
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5.

6.
7

8.
0.
1

Use metal channel (strut) with accessory conduit clamps to support multiple parallel
surface-mounted conduits.

Use conduit clamp to support single conduit from beam clamp or threaded rod.

Use trapeze hangers assembled from threaded rods and metal channel (strut) with
accessory conduit clamps to support multiple parallel suspended conduits.

Use of spring steel conduit clips for support of conduits is not permitted.

Use of wire for support of conduitsis not permitted.

Where conduit support intervals specified in NFPA 70 and NECA standards differ, comply
with the most stringent requirements.

. Connections and Terminations;

1. Useapproved zinc-rich paint or conduit joint compound on field-cut threads of galvanized
steel conduits prior to making connections.

2. Where two threaded conduits must be joined and neither can be rotated, use three-piece
couplings or split couplings. Do not use running threads.

3. Usesuitable adapters where required to transition from one type of conduit to another.

4. Providedrip loopsfor liquidtight flexible conduit connections to prevent drainage of liquid
into connectors.

5.  Terminate threaded conduits in boxes and enclosures using threaded hubs or double lock
nuts for dry locations and raintight hubs for wet locations.

6. Where spare conduits stub up through concrete floors and are not terminated in abox or
enclosure, provide threaded couplings equipped with threaded plugs set flush with finished
floor.

7. Provide insulating bushings or insulated throats at all conduit terminations to protect
conductors.

8. Securejoints and connections to provide maximum mechanical strength and electrica
continuity.

J.  Penetrations:

1. Do not penetrate or otherwise notch or cut structural members, including footings and
grade beams, without approval of Structural Engineer.

2. Make penetrations perpendicular to surfaces unless otherwise indicated.

3. Provide sleevesfor penetrations as indicated or as required to facilitate installation. Set
sleeves flush with exposed surfaces unless otherwise indicated or required.

4. Concea bends for conduit risers emerging above ground.

5. Sed interior of conduits entering the building from underground at first accessible point to
prevent entry of moisture and gases.

6. Provide suitable modular seal where conduits penetrate exterior wall below grade.

7. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of
membrane.

8. Make penetrations for roof-mounted equipment within associated equipment openings and
curbs where possible to minimize roofing system penetrations. Where penetrations are
necessary, seal asindicated or asrequired to preserve integrity of roofing system and
maintain roof warranty. Include proposed | ocations of penetrations and methods for sealing
with submittals.

9. Provide metal escutcheon plates for conduit penetrations exposed to public view.

10. Install firestopping to preserve fire resistance rating of partitions and other elements, using

materials and methods specified in Section 07 84 00.

K. Underground Instalation:

1
CONDUIT

Provide trenching and backfilling in accordance with Sections 31 23 16 and 31 2323.
260534- 10
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O.

P.

2. Minimum Cover, Unless Otherwise Indicated or Required:
a.  Underground, Exterior: 36 inches.
b. Under Slab on Grade: 12 inches (300 mm) to bottom of dab.

3. Provide underground warning tape in accordance with Section 26 05 53 along entire
conduit length.

Conduit Movement Provisions: Where conduits are subject to movement, provide expansion
and expans on/deflection fittings to prevent damage to enclosed conductors or connected
equipment. Thisincludes, but is not limited to:

1.  Where conduits cross structural joints intended for expansion, contraction, or deflection.
2. Where conduits are subject to earth movement by settlement or frost.

Condensation Prevention: Where condulits cross barriers between areas of potentia substantial
temperature differential, provide sealing fitting or approved sealing compound at an accessible
point near the penetration to prevent condensation. Thisincludes, but is not limited to:

1.  Where conduits pass from outdoorsinto conditioned interior spaces.

2. Where conduits pass from unconditioned interior spaces into conditioned interior spaces.

Provide pull string in all empty conduits and in conduits where conductors and cables are to be
installed by others. Leave minimum slack of 12 inches (300 mm) at each end.

Provide grounding and bonding in accordance with Section 26 05 26.
Identify conduits in accordance with Section 26 05 53.

3.03 FIELD QUALITY CONTROL

A.
B.

C.

D.

See Section 01 40 00 - Quality Requirements, for additional requirements.

Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by
manufacturer. Replace components that exhibit signs of corrosion.

Where coating of PV C-coated galvanized sted rigid metal conduit (RMC) contains cuts or
abrasions, repair in accordance with manufacturer's instructions.

Correct deficiencies and replace damaged or defective conduits.

3.04 CLEANING

A.

Clean interior of conduits to remove moisture and foreign matter.

3.05 PROTECTION

A.

mooOo®

m

Immediately after installation of conduit, use suitable manufactured plugs to provide protection
from entry of moisture and foreign material and do not remove until ready for installation of
conductors.

Install conduit securely, in aneat and workmanlike manner, as specified in NECA 1.
Install steel conduit as specified in NECA 101.
Arrange supports to prevent misalignment during wiring installation.

Support conduit using coated steel or malleableiron straps, lay-in adjustable hangers, clevis
hangers, and split hangers.

Group related conduits; support using conduit rack. Construct rack using steel channel.

CONDUIT 260534- 11
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G.
H.
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Fasten conduit supportsto building structure and surfaces under provisions of Section 26 05 29.

Do not support conduit with wire or perforated pipe straps. Remove wire used for temporary
supports.

Do not attach conduit to ceiling support wires.

Arrange conduit to maintain headroom and present neat appearance.

Route conduit parallel and perpendicular to walls.

Route conduit installed above accessible ceilings parallel and perpendicular to walls.
Route conduit in and under slab from point-to-point.

Maintain adequate clearance between conduit and piping.

Maintain 12 inch (300 mm) clearance between conduit and surfaces with temperatures
exceeding 104 degrees F (40 degrees C).

Cut conduit square using saw or pipecutter; de-burr cut ends.
Bring conduit to shoulder of fittings; fasten securely.
Use conduit hubs to fasten conduit to sheet metal boxesin damp and wet locations.

Install no more than equivalent of three 90 degree bends between boxes. Use conduit bodiesto
make sharp changesin direction, as around beams. Use hydraulic one shot bender to fabricate
bendsin metal conduit larger than 2 inch (50 mm) size.

Avoid moisture traps; provide junction box with drain fitting at low pointsin conduit system.
Provide suitable fittings to accommodate expansion and deflection where conduit crosses
seismic.

Provide suitable pull string in each empty conduit except sleeves and nipples.

. Use suitable capsto protect installed conduit against entrance of dirt and moisture.

Ground and bond conduit under provisions of Section 26 05 26.
Identify conduit under provisions of Section 26 05 53.

3.06 INTERFACE WITH OTHER PRODUCTS

A.

Install conduit to preserve fire resistance rating of partitions and other elements, using materials
and methods specified in Section 07 84 00.

END OF SECTION
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SECTION 26 05 35

SURFACE RACEWAYS

PART 1 GENERAL
1.01 SECTION INCLUDES

A.

Surface raceway systems.

1.02 RELATED REQUIREMENTS

A.

Mmoo o

F.

Section 26 05 26 - Grounding and Bonding for Electrical Systems.
Section 26 05 29 - Hangers and Supports for Electrical Systems.
Section 26 05 34 - Conduit.

Section 26 05 37 - Boxes.

Section 26 05 53 - Identification for Electrical Systems: Identification products and
requirements.

Section 26 27 26 - Wiring Devices. Receptacles.

1.03 REFERENCE STANDARDS

A.

mmo o

NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

NEMA 250 - Enclosures for Electrical Equipment (1000 V olts Maximum); 2008.
UL 5 - Surface Metal Raceways and Fittings; Current Edition, Including All Revisions.
UL 5A - Nonmetallic Surface Raceways and Fittings; Current Edition, Including All Revisions.

UL 111 - QOutline of Investigation for Multioutlet Assemblies; Current Edition, Including All
Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A.

B.

Coordination:

1. Coordinate the placement of raceways with millwork, furniture, equipment, etc. installed
under other sections or by others.

2. Coordinate rough-in locations of outlet boxes provided under Section 26 05 37 and conduit
provided under Section 26 05 34 as required for installation of raceways provided under
this section.

3. Verify minimum sizes of raceways with the actual conductors and componentsto be
installed.

4. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations
from the contract documents. Obtain direction before proceeding with work.

Sequencing:
1. Do notinstall raceways until final surface finishes and painting are complete.
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2. Do not begininstalation of conductors and cables until installation of racewaysis
complete between outlet, junction and splicing points.

1.05 SUBMITTALS
A. See Section 01 30 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide manufacturer's standard catalog pages and data sheets including
dimensions, knockout sizes and locations, materials, fabrication details, finishes, service
condition requirements, and accessories.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Manufacturer Qualifications: Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.
PART 2 PRODUCTS
2.01 RACEWAY REQUIREMENTS

A. Provide al components, fittings, supports, and accessories required for a complete raceway
system.

B. Provide productslisted, classified, and labeled by Underwriter's Laboratories Inc. (UL), Intertek
(ETL), or testing firm acceptabl e to authority having jurisdiction as suitable for the purpose
indicated.

C. Do not use raceways for applications other than as permitted by NFPA 70 and product listing.
2.02 SURFACE RACEWAY SYSTEMS

A. Manufacturers:
1. Hubbell Incorporated: www.hubbell-wiring.com.
2. MonoSystems, Inc:  www.monosystems.com.
3. Wiremold, abrand of Legrand North America, Inc:  www.legrand.us.
4. Substitutions: See Section 01 60 00 - Product Reguirements.

Surface Metal Raceways: Listed and labeled as complying with UL 5.
Surface Nonmetallic Raceways. Listed and labeled as complying with UL 5A.
Multioutlet Assemblies: Listed and |abeled as complying with UL 111.

Type - Surface Raceway System:
1. Raceway Type: Asindicated on the drawings
2. Length: Asindicated on the drawings.
3. Accessory Device Boxes: Suitable for the devicesto be installed; color to match raceway.
4. Integrated Device Provisions:
a.  Receptacles:
1) Comply with Section 26 27 26, except for finishes.

mOoOoOw
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2) Configuration: Asindicated on the drawings.
3) Color: Match raceway.
4) Spacing: Asindicated on the drawings.

b. Communications Outlets:
1) Configuration: Asindicated on the drawings.
2) Spacing: Asindicated on the drawings.

2.03 SOURCE QUALITY CONTROL

A.

See Section 01 40 00 - Quality Requirements, for additional requirements.

PART 3 EXECUTION
3.01 INSTALLATION

A. Install productsin accordance with manufacturer'sinstructions.

B.
C.
D.

E.

F.

G.

Install raceways in a neat and workmanlike manner in accordance with NECA 1.
Install raceways plumb and level.

Secure and support raceways in accordance with Section 26 05 29 at intervals complying with
NFPA 70 and manufacturer's requirements.

Close unused raceway openings.
Provide grounding and bonding in accordance with Section 26 05 26.
Identify raceways in accordance with Section 26 05 53.

3.02 FIELD QUALITY CONTROL

A.
B.
C.

D.

See Section 01 40 00 - Quality Requirements, for additional requirements.
Inspect raceways for damage and defects.

Surface Raceway Systems with Integrated Devices. Test each wiring device to verify operation
and proper polarity.

Correct wiring deficiencies and replace damaged or defective raceways.

3.03 CLEANING

A.

Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match
original factory finish.

3.04 PROTECTION

A.

Protect installed raceways from subsequent construction operations.

END OF SECTION
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SECTION 26 05 36

CABLE TRAYSFORELECTRICAL SYSTEMS

PART 1 GENERAL
1.01 SECTION INCLUDES

A. Cabletraysand accessories.

B. Firestopping within (not around) cable trays.
1.02 RELATED REQUIREMENTS

A. Section 07 84 00 - Firestopping: Firestopping around cable trays.

B. Section 26 05 26 - Grounding and Bonding for Electrical Systems.

C. Section 26 05 29 - Hangers and Supports for Electrical Systems.
1.03 REFERENCES

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2012.

B. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or
Zinc-1ron Alloy-Coated (Galvanneal ed) by the Hot-Dip Process; 2011.

C. NEMA VE1- Metdlic Cable Tray Systems; National Electrical Manufacturers Association,;
20009.

D. NFPA 70 - Nationa Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

1.04 SUBMITTALS

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide datafor fittings and accessories.

C. Shop Drawings: Indicate tray type, dimensions, support points, and finishes.

D. Project Record Documents: Record actual routing of cable tray and locations of supports.
1.05 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

B. Manufacturer Qualifications. Company specializing in manufacturing the products specified in
this section with minimum three years documented experience, and with service facilities within
100 miles (160 km) of Project.

C. Products: Listed and classified by Underwriters Laboratories Inc., as suitable for the purpose
specified and indicated.

PART 2 PRODUCTS
2.01 MANUFACTURERS
A. Schneider Electric; Square D Products, Model ' www.schneider-electric.us.
B. Thomas & Betts Corporation; Model _ : www.tnb.com.
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C.
D.

Wiremold Company; Model . www.wiremold.com.
Substitutions. See Section 01 60 00 - Product Requirements.

2.02 LADDER-TYPE CABLE TRAY

A.
B.

@ mmo o

H.

Description: NEMA VE 1, Class 20C ladder type tray.

Material: Formed sheet steel, hot-dip galvanized after fabrication in accordance with ASTM
A123/A123M, painted with gray epoxy.

Inside Width: Asindicated.

Inside Depth:  Asindicated.

Straight Section Rung Spacing: 12 inches (305 mm) on center.
Inside Radius of Fittings: 12 inches (305 mm).

Provide manufacturer's standard clamps, hangers, brackets, splice plates, reducer plates, blind
ends, barrier strips, connectors, and grounding straps.

Covers: Flanged, ventilated, flush cover.

2.03 WARNING SIGNS

A.

Engraved Nameplates: 1/2 inch (13 mm) black letters on yellow laminated plastic namepl ate,
engraved with the following wording: "WARNING! DO NOT USE CABLE TRAY AS
WALKWAY, LADDER, OR SUPPORT. USE ONLY AS MECHANICAL SUPPORT FOR
CABLES AND TUBING!"

PART 3 EXECUTION
3.01 INSTALLATION

A.
B.

Install metallic cable tray in accordance with NEMA VE 1.

Support trays in accordance with Section 26 05 29. Provide supports at each connection point,
at the end of each run, and at other points to maintain spacing between supports of ft (
mm) maximum.

Use expansion connectors where required.

Provide firestopping under provisions of Section 07 84 00 to sustain ratings when passing cable
tray through fire-rated elements.

Ground and bond cable tray under provisions of Section 26 05 26.

1. Provide continuity between tray components.

2. Provide 2 AWG bare copper equipment grounding conductor through entire length of tray;
bond to each component.

3. Connections to tray may be made using mechanical or exothermic connectors.

Install warning signs at 50 feet (1500 mm) centers along cable tray, located to be visible.

END OF SECTION
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SECTION 26 05 37

BOXES

PART 1 GENERAL
1.01 SECTION INCLUDES

A.

C.
D.

Outlet and device boxes up to 100 cubic inches (1,650 cu cm), including those used as junction
and pull boxes.

Cabinets and enclosures, including junction and pull boxes larger than 100 cubic inches (1,650
cucm).

Wall and ceiling outlet boxes.

Pull and junction boxes.

1.02 RELATED REQUIREMENTS

A.
B.

H.

Section 07 84 00 - Firestopping.

Section 08 31 00 - Access Daors and Panels:  Panels for maintaining accessto concealed
boxes.

Section 26 05 26 - Grounding and Bonding for Electrical Systems.
Section 26 05 29 - Hangers and Supports for Electrical Systems.

Section 26 05 34 - Conduit:

1. Conduit bodies and other fittings.

2. Additional requirementsfor locating boxesto limit conduit length and/or number of bends
between pulling points.

Section 26 05 35 - Surface Raceways:
1. Accessory boxes designed specifically for surface raceway systems.

Section 26 05 53 - Identification for Electrical Systems. Identification products and
requirements.

Section 26 27 26 - Wiring Devices:
1. Wwal plates.

Section 26 27 26 - Wiring Devices: Wall platesin finished areas.

1.03 REFERENCE STANDARDS

A.

BOXES

NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

NECA 130 - Standard for Installing and Maintaining Wiring Devices; National Electrical
Contractors Association; 2010.

NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic
Tubing, and Cable; Nationa Electrical Manufacturers Association; 2012 (ANSI/NEMA FB 1).

NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports; National
Electrica Manufacturers Association; 2008 (Revised 2010) (ANSI/NEMA OS1).
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H.

NEMA 250 - Enclosures for Electrical Equipment (1000 V olts Maximum); National Electrical
M anufacturers Association; 2008.

NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current
Edition, Including All Revisions.

UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,
Including All Revisions.

UL 514A - Metallic Outlet Boxes; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A.

Coordination:

1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment,
or other potentia obstructions within the dedicated equipment spaces and working
clearancesfor electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Coordinate minimum sizes of boxes with the actual installed arrangement of conductors,
clamps, support fittings, and devices, calculated according to NFPA 70.

4. Coordinate minimum sizes of pull boxes with the actua installed arrangement of connected
conduits, calculated according to NFPA 70.

5. Coordinate the placement of boxes with millwork, furniture, devices, equipment, etc.

installed under other sections or by others.

Coordinate the work with other trades to preserve insulation integrity.

Coordinate the work with other trades to provide walls suitable for instal l ation of

flush-mounted boxes where indicated.

8. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations
from the contract documents. Obtain direction before proceeding with work.

No

1.05 SUBMITTALS

A.
B.

C.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Product Data:  Provide manufacturer's standard catal og pages and data sheets for outlet and
device boxes and junction and pull boxes.

Project Record Documents.  Record actual |ocations for outlet and device boxes, junction
boxes, and pull boxes.

1.06 QUALITY ASSURANCE

A.
B.

Conform to regquirements of NFPA 70.

Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

1.07 DELIVERY, STORAGE, AND HANDLING

A.
B.
BOXES

Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

Products: Provide products listed and classified by Underwriters Laboratories Inc., as suitable
260537- 2
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2.01 BOXES

for the purpose specified and indicated.
PART 2 PRODUCTS

A. Genera Requirements:

BOXES

1

2.

3.

Do not use boxes and associated accessories for applications other than as permitted by
NFPA 70 and product listing.

Provide all boxes, fittings, supports, and accessories required for a complete raceway
system and to accommodate devices and equipment to be installed.

Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL) or
testing firm acceptable to authority having jurisdiction as suitable for the purpose
indicated.

Where box size is not indicated, size to comply with NFPA 70 but not less than applicable
minimum size requirements specified.

Provide grounding terminals within boxes where equipment grounding conductors
terminate.

Outlet and Device Boxes Up to 100 cubic inches (1,650 cu cm), Including Those Used as
Junction and Pull Boxes:

1
2.

3.

No oA

B2 ©©

11.

12.

13.

14.

15.
16.

Use sheet-sted boxes for dry locations unless otherwise indicated or required.

Use cast iron boxes or cast aluminum boxes for damp or wet locations unless otherwise

indicated or required; furnish with compatible weatherproof gasketed covers.

Use cast iron boxes or cast aluminum boxes where exposed galvanized steel rigid metal

conduit is used.

Use cast aluminum boxes where luminum rigid metal conduit is used.

Use suitable concrete type boxes where flush-mounted in concrete.

Use suitable masonry type boxes where flush-mounted in masonry walls.

Use raised covers suitable for the type of wall construction and device configuration where

required.

Use shallow boxes where required by the type of wall construction.

Do not use "through-wall" boxes designed for access from both sides of wall.

Sheet-Steel Boxes: Comply with NEMA OS 1, and list and label as complying with UL

514A.

Cast Metal Boxes. Comply with NEMA FB 1, and list and label as complying with UL

514A; furnish with threaded hubs.

Boxes for Supporting Luminaires and Ceiling Fans: Listed as suitable for the type and

weight of load to be supported; furnished with fixture stud to accommodate mounting of

luminaire where required.

Boxes for Ganged Devices: Use multigang boxes of single-piece construction. Do not use

field-connected gangable boxes.

Minimum Box Size, Unless Otherwise Indicated:

a. Wiring Devices (Other Than Communications Systems Outlets): 4 inch square by
2-1/8 inch deep (100 by 54 mm) trade size.

b. Communications Systems Outlets: 4 inch square by 2-1/8 inch (100 by 54 mm) trade
size.

c. Caeiling Outlets: 4 inch octagonal or square by 2-1/8 inch deep (100 by 54 mm) trade
size.

Wall Plates:  Comply with Section 26 27 26.

Manufacturers:

a.  Cooper Crouse-Hinds, adivision of Cooper Industries: www.cooperindustries.com.

b. Hubbell Incorporated; Bell Products: www.hubbell-bell.com.
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C.

c. Hubbel Incorporated; RACO Products:  www.hubbell-raco.com.

d. O-Z/Gedney, abrand of Emerson Industrial Automation:
www.emersonindustrial.com.

e. Thomas & Betts Corporation: www.tnb.com.

f. Sted City.

g. Substitutions: See Section 01 60 00 - Product Requirements.

Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic inches
(1,650 cu cm):
1. Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E, or UL
508A.
2. NEMA 250 Environment Type, Unless Otherwise Indicated:
a.  Indoor Clean, Dry Locations. Type 1, painted stedl.
b. Outdoor Locations. Type 3R, painted steel.
3. Junction and Pull Boxes Larger Than 100 cubic inches (1,650 cu cm):
a.  Provide screw-cover or hinged-cover enclosures unless otherwise indicated.
4. Finishfor Painted Steel Enclosures: Manufacturer's standard grey unless otherwise
indicated.
5.  Manufacturers:
a.  Cooper B-Line, adivision of Cooper Industries. www.cooperindustries.com.
b. Hoffman, abrand of Pentair Technical Products; www.hoffmanonline.com.
c. Hubbell Incorporated; Wiegmann Products. www.hubbell-wiegmann.com.
d. Substitutions: See Section 01 60 00 - Product Requirements.

2.02 OUTLET BOXES

A.

C.

Sheet Metal Outlet Boxes: NEMA OS 1, galvanized stedl.

1. Luminaire and Equipment Supporting Boxes. Rated for weight of equipment supported;
include 1/2 inch (13 mm) male fixture studs where required.

Cast Boxes. NEMA FB 1, Type FD, cast feralloy. Provide gasketed cover by box
manufacturer. Provide threaded hubs.

Wall Platesfor Finished Areas: As specified in Section 26 27 26.

2.03 PULL AND JUNCTION BOXES

A.
B.
C.

Sheet Metal Boxes: NEMA OS 1, galvanized steel.
Hinged Enclosures. As specified in Section 26 27 16.

Surface Mounted Cast Metal Box: NEMA 250, Type 4; flat-flanged, surface mounted junction
box:

1. Materia: Galvanized castiron.
2. Cover: Furnish with ground flange, neoprene gasket, and stainless steel cover screws.

PART 3 EXECUTION
3.01 EXAMINATION

A.
B
C.
D

BOXES

Verify that field measurements are as shown on drawings.
Verify that mounting surfaces are ready to receive boxes.
Verify that conditions are satisfactory for installation prior to starting work.

Verify locations of floor boxes and outlets in offices and work areas prior to rough-in.
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3.02 INSTALLATION

A.
B.

BOXES

Install products in accordance with manufacturer's instructions.

Perform work in a neat and workmanlike manner in accordance with NECA 1 and, where
applicable, NECA 130, including mounting heights specified in those standards where mounting
heights are not indicated.

Arrange equipment to provide minimum clearances in accordance with manufacturer's
instructions and NFPA 70.

Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems.
Flush-mount boxes in finished areas unless specifically indicated to be surface-mounted.

Unless otherwise indicated, boxes may be surface-mounted where exposed conduits are
indicated or permitted.

Box Locations:

1. Locate boxesto be accessible. Provide access panels in accordance with Section 08 31 00

as required where approved by the Architect.

Unless dimensioned, box |ocations indicated are approximate.

L ocate boxes so that wall plates do not span different building finishes.

Locate boxes so that wall plates do not cross masonry joints.

Unless otherwise indicated, where multiple outlet boxes are installed at the same location

at different mounting heights, install along a common vertical center line.

Do not ingtall flush-mounted boxes on opposite sides of walls back-to-back. Provide

minimum 6 inches (150 mm) horizontal separation unless otherwise indicated.

7. Acoustic-Rated Walls: Do not install flush-mounted boxes on opposite sides of walls
back-to-back; provide minimum 24 inches (610 mm) horizontal separation.

8. Fire-Resistance-Rated Walls: Install flush-mounted boxes such that the required
fire-resistance will not be reduced.

a. Donotingall flush-mounted boxes on opposite sides of walls back-to-back; provide
minimum 24 inches (610 mm) separation where wall is constructed with individual
noncommunicating stud cavities or protect both boxes with listed putty pads.

b. Do not install flush-mounted boxes with arealarger than 16 square inches (0.0103 sq
m) or such that the total aggregate area of openings exceeds 100 square inches (0.0645
sg m) for any 100 square feet (9.29 sq m) of wall area.

9. Locatejunction and pull boxes as indicated, as required to facilitate installation of
conductors, and to limit conduit length and/or number of bends between pulling pointsin
accordance with Section 26 05 34.

10. Locate junction and pull boxes in the following areas, unless otherwise indicated or
approved by the Architect:

a.  Concesaled above accessible suspended ceilings.

b.  Within joistsin areas with no ceiling.

c. Electrical rooms.

d. Mechanical equipment rooms.

agrLDd

o

Box Supports:

1. Secure and support boxes in accordance with NFPA 70 and Section 26 05 29 using suitable
supports and methods approved by the authority having jurisdiction.

2. Provide independent support from building structure except for cast metal boxes (other
than boxes used for fixture support) supported by threaded conduit connectionsin
accordance with NFPA 70. Do not provide support from piping, ductwork, or other
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systems.

3. Ingtallation Above Suspended Ceilings: Do not provide support from ceiling grid or
ceiling support system.

4, Usefar-side support to secure flush-mounted boxes supported from single stud in hollow
stud walls. Repair or replace supports for boxes that permit excessive movement.

Install boxes plumb and level.

Flush-Mounted Boxes:

1. Install boxesin noncombustible materias such as concrete, tile, gypsum, plaster, etc. so
that front edge of box or associated raised cover is not set back from finished surface more
than 1/4 inch (6 mm) or does not project beyond finished surface.

2. Install boxesin combustible materials such as wood so that front edge of box or associated
raised cover is flush with finished surface.

3. Repair rough openings around boxes in noncombustible materials such as concrete, tile,
gypsum, plaster, etc. so that there are no gaps or open spaces greater than 1/8 inch (3 mm)
at the edge of the box.

Install boxes as required to preserve insulation integrity.

Install permanent barrier between ganged wiring devices when voltage between adjacent
devices exceeds 300 V.

Install firestopping to preserve fire resistance rating of partitions and other elements, using
materials and methods specified.

Close unused box openings.

Install blank wall plates on junction boxes and on outlet boxes with no devices or equi pment
installed or designated for future use.

Provide grounding and bonding in accordance with Section 26 05 26.
Identify boxes in accordance with Section 26 05 53.
Install boxes securely, in aneat and workmanlike manner, as specified in NECA 1.

Install in locations as shown on Drawings, and as required for splices, taps, wire pulling,
equipment connections, and as required by NFPA 70.

Coordinate installation of outlet boxes for equipment connected under Section 26 27 17.
Set wall mounted boxes at el evations to accommodate mounting heights indicated.

Electrica boxes are shown on Drawings in approximate locations unless dimensioned.
1. Adjust box locations up to 10 feet (3 m) if required to accommodate intended purpose.

. Orient boxes to accommodate wiring devices oriented as specified in Section 26 27 26.

Maintain headroom and present neat mechanical appearance.
Install pull boxes and junction boxes above accessible ceilings and in unfinished areas only.

Inaccessible Ceiling Areas:  Install outlet and junction boxes no more than 6 inches (150 mm)
from ceiling access pand or from removable recessed luminaire.

Install boxesto preserve fire resistance rating of partitions and other e ements, using materials
and methods specified in Section 07 84 00.

Coordinate mounting heights and locations of outlets mounted above counters, benches, and
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AC.

backsplashes.

Locate outlet boxesto allow luminaires to be positioned as shown on reflected ceiling plan.

AD. Align adjacent wall mounted outlet boxes for switches, thermostats, and similar devices.

AE.
AF.

AG.
AH.

Al.

AJ.

AK.

AL.

AM

AN.
AO.

AP.

Use flush mounting outlet box in finished areas.

L ocate flush mounting box in masonry wall to require cutting of masonry unit corner only.
Coordinate masonry cutting to achieve neat opening.

Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems.
L ocate outlet boxes so that wall plates do not cross masonry joints.

Do not install flush mounting box back-to-back in walls; provide minimum 6 inches (150 mm)
separation.

1. Provide minimum 24 inches (600 mm) separation in acoustic rated walls.

2. Provide minimum 24 inches (600 mm) separation in fire rated walls.

Do not install flush mounting box back-to-back in walls; provide minimum 6 inches (150 mm)
separation.  Provide minimum 24 inches (600 mm) separation in acoustic rated walls.

Secure flush mounting box to interior wall and partition studs. Accurately position to alow for
surface finish thickness.

Do not fasten boxes to ceiling support wires.

.Support boxes independently of conduit, except cast box that is connected to two rigid metal

conduits both supported within 12 inches (305 mm) of box.

Use gang box where more than one device is mounted together. Do not use sectional box.
Use gang box with plaster ring for single device outlets.

Use cast outlet box in exterior locations exposed to the weather and wet locations.

3.03 ADJUSTING

A.
B.
C.

Adjust floor boxes flush with finish flooring material.
Adjust flush-mounting outlets to make front flush with finished wall material.

Install knockout closures in unused box openings.

3.04 CLEANING

A.

Clean interior of boxesto remove dirt, debris, plaster and other foreign material.

3.05 PROTECTION

A.

B.

BOXES

Immediately after installation, protect boxes from entry of moisture and foreign materia until
ready for installation of conductors.

Clean exposed surfaces and restore finish.

END OF SECTION
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SECTION 26 0553

IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 GENERAL
1.01 SECTION INCLUDES

H.

© " Mmoo WP

Electrica identification requirements.
Large Device Identification.
Nameplates and Labels.

Wire and cable markers.

V oltage markers.

Underground warning tape.

Floor marking tape.

Warning signs and labels.

1.02 RELATED REQUIREMENTS

A.

B.

Section 26 05 19 - Low-Voltage Electrical Power Conductors and Cables: Color coding for
power conductors and cables 600 V and less; vinyl color coding electrical tape.

Section 26 27 26 - Wiring Devices. Device and wallplate finishes; factory pre-marked
wallplates.

1.03 REFERENCE STANDARDS

A.
B.
C.

D.
E.

ANSI Z535.2 - American National Standard for Environmental and Facility Safety Signs; 2007.
ANSI Z535.4 - American National Standard for Product Safety Signs and Labels; 2007.

NFPA 70 - Nationa Electrical Code; Nationa Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

NFPA 70E - Standard for Electrical Safety in the Workplace; 2012.
UL 969 - Marking and Labeling Systems; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A.

B.

Coordination:
1. Veify fina designations for equipment, systems, and components to be identified prior to
fabrication of identification products.

Sequencing:

1. Do not conceal itemsto be identified, in locations such as above suspended ceilings, until
identification products have been installed.

2. Donotingal identification products until final surface finishes and painting are complete.

1.05 SUBMITTALS

A.
B.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.
Product Data:  Provide manufacturer's standard catal og pages and data sheets for each product.

IDENTIFICATION FOR ELECTRICAL SYSTEMS
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C. Shop Drawings: Provide schedule of itemsto be identified indicating proposed designations,
materials, legends, and formats.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.
1.07 FIELD CONDITIONS

A. Do not install adhesive products when ambient temperature is lower than recommended by
manufacturer.

PART 2 PRODUCTS
2.01 IDENTIFICATION REQUIREMENTS

A. ldentification for Equipment:
1. Useidentification nameplate to identify each piece of electrical distribution and control
equipment and associated sections, compartments, and components.
a.  Panelboards:
1) Identify ampererating.
2) Identify voltage and phase.
3) Identify power source and circuit number. Include location when not within sight
of eguipment.
4) Identify main overcurrent protective device. Use identification label for
panel boards with a door. For power distribution panelboards without a door, use
identification namepl ate.
5) Usetypewritten circuit directory to identify load(s) served for panelboards with a
door. Identify spares and spaces.
6) For power panelboards without a door, use identification nameplate to identify
load(s) served for each branch device. Identify spares and spaces.
b. Enclosed switches, circuit breakers, and motor controllers:
1) Identify voltage and phase.
2) ldentify power source and circuit number. Include location when not within sight
of equipment.
3) Identify load(s) served. Include location when not within sight of equipment.
c. Time Switches:
1) Identify load(s) served and associated circuits controlled. Include location.
2. Service Equipment:
a.  Useidentification nameplate to identify each service disconnecting means.
b. Useidentification nameplate at each piece of service equipment to identify the
available fault current and the date cal culations were performed.
3. Useidentification nameplate to identify equipment utilizing series ratings, where
permitted, in accordance with NFPA 70.
4. Useidentification nameplate to identify disconnect location for equipment with remote
disconnecting means.
5. Useidentification label to identify overcurrent protective devices for branch circuits
serving fire alarm circuits. Identify with text "FIRE ALARM CIRCUIT".
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6. ArcFlash Hazard Warning Labels: Use warning labels to identify arc flash hazards for
electrical equipment, such as switchboards, panelboards, industrial control panels, meter
socket enclosures, and motor control centersthat are likely to require examination,
adjustment, servicing, or maintenance while energized.

a  Minimum Size: 3.5 by 5inches (89 mm by 127 mm).

b. Legend: Include orange header that reads"WARNING", followed by the word
message "Arc Flash and Shock Hazard; Appropriate PPE Required; Do not operate
controls or open covers without appropriate personal protection equipment; Failureto
comply may result in injury or death; Refer to NFPA 70E for minimum PPE
requirements’ or approved equivalent.

7. Usewarning signsto identify electrical hazards for entrancesto all rooms and other
guarded locations that contain exposed live parts operating at 600 V nominal or less with
the word message "DANGER; Electrical hazard; Authorized personnel only" or approved
equivalent.

B. Identification for Conductors and Cables:

1. Color Coding for Power Conductors 600 V and Less. Comply with Section 26 05 19.

2. Usewire and cable markersto identify circuit number or other designation indicated for
power, control, and instrumentation conductors and cables at the following locations:
a. At each source and load connection.
b.  Within boxes when more than one circuit is present.
c.  Within equipment enclosures when conductors and cables enter or leave the

enclosure.

3. Usewire and cable markersto identify connected grounding el ectrode system components

for grounding electrode conductors.

C. Identification for Raceways:

1. Usevoltage markers or color-coded bands to identify systems other than normal power

system for accessible conduits at maximum intervals of 20 feet (6.1 m).
a.  Color-Coded Bands: Usefield-painting or vinyl color coding electrical tape to mark
bands 3 inches (76 mm) wide.
1) Color Code:
(@) Fire Alarm System: Red.
2) Vinyl Color Coding Electrical Tape: Comply with Section 26 05 19.

2. Useidentification labels or plastic marker tags to identify circuits enclosed for accessible
conduits at wall penetrations, at floor penetrations, at roof penetrations, and at equipment
terminations when source is not within sight.

3. Useidentification labels or plastic marker tags to identify spare conduits at each end.
Identify purpose and termination location.

4. Use underground warning tape to identify underground raceways.

D. Identification for Boxes:
1. Usevoltage markersor color coded boxes to identify systems other than normal power
system.
a.  Color-Coded Boxes. Field-painted with the same color code used for raceways.
1) FireAlarm System: Red.
2. Useidentification labelsto identify circuits enclosed.

E. Identification for Devices:
1. Wiring Device and Wallplate Finishes: Comply with Section 26 27 26.
2. Factory Pre-Marked Wallplates:. Comply with Section 26 27 26.
3. Useidentification label to identify fire alarm system devices.
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a.  For devices concea ed above suspended ceilings, provide additional identification on
ceiling tile below device location.

Use identification label to identify serving branch circuit for all receptacles.

Use identification label or engraved wallplate to identify load controlled for wall-mounted

control devices controlling loads that are not visible from the control location and for

multiple wall-mounted control devicesinstalled at one location.

2.02 MANUFACTURERS

A. Brady Qorporation: www.bradycorp.com.

B. Substitutions. See Section 01 60 00 - Product Requirements.
2.03 LARGE DEVICE IDENTIFICATION

A. ldentify all disconnect switches, pull boxes, junction boxes (larger than 4" X 4") in unfinished
areas with Brady voltage markers, catalog #B-498, series #44xxx (xxX indicates last 3 numbers
of model nhumber which vary based on voltage, size, etc. Contractor shall coordinate this
information prior to ordering). Sizesfor each label shall be aslarge as possible, style"A", "B"
or "C" asthe device permits.

B. Identify al disconnect switches, pull boxes, junction boxes (larger than 4" X 4") finished with
black engraved lamicoid self-adhesive labels, 1" X 4". Thelabel shal state the power feed,
circuit or section number, and the equi pment identification number that the large device serves.

2.04 IDENTIFICATION NAMEPLATESAND LABELS
A. ldentification Nameplates:

1

Manufacturers:

a.  Brimar Industries, Inc:  www.brimar.com.

b. Kolbi Pipe Marker Co:  www.kolbipipemarkers.com.

c. Seton Identification Products. www.seton.com.

d. Substitutions: See Section 01 60 00 - Product Requirements.

Materials:

a. Indoor Clean, Dry Locations. Use plastic namepl ates.

b. Outdoor Locations: Use plastic, stainless steel, or aluminum namepl ates suitable for
exterior use.

Plastic Nameplates. Two-layer or three-layer laminated acrylic or eectrically

non-conductive phenolic with beveled edges; minimum thickness of 1/16 inch (1.6 mm);

engraved text.

a.  Exception: Provide minimum thickness of 1/8 inch (3 mm) when any dimension is
greater than 4 inches (100 mm).

Stainless Steel Nameplates:  Minimum thickness of 1/32 inch (0.8 mm); engraved or

laser-etched text.

Aluminum Nameplates. Anodized; minimum thickness of 1/32 inch (0.8 mm); engraved

or |aser-etched text.

Mounting Holes for Mechanica Fasteners. Two, centered on sidesfor sizesup to 1 inch

(25 mm) high; Four, located at corners for larger sizes.

B. Identification Labels:

1

Manufacturers:

a. Brady Corporation: www.bradyid.com.

b. Brother International Corporation: www.brother-usa.com.

¢. Panduit Corp: www.panduit.com.

d. Substitutions: See Section 01 60 00 - Product Requirements.

IDENTIFICATION FOR ELECTRICAL SYSTEMS
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2.

Materials: Use self-adhesive laminated plastic labels; UV, chemical, water, heat, and
abrasion resistant.

a.  Useonly for indoor locations.

Text: Usefactory pre-printed or machine-printed text. Do not use handwritten text unless
otherwise indicated.

C. Format for Equipment Identification:

1
2.

Minimum Size: 1 inch (25 mm) by 2.5 inches (64 mm).
Legend:

a.  System designation where applicable:
1) FireAlarm System: Identify with text "FIRE ALARM".
b. Equipment designation or other approved description.

Text: All capitalized unless otherwise indicated.
Minimum Text Height:

a. System Designation: 1inch (25 mm).

b. Equipment Designation: 1/2 inch (13 mm).

c. Other Information: 1/4 inch (6 mm).

d. Exception: Provide minimum text height of 1 inch (25 mm) for equipment located
more than 10 feet (3.0 m) above floor or working platform.

Coalor:

a.  Normal Power System: White text on black background.
b. Fire Alarm System: White text on red background.

D. Format for General Information and Operating Instructions:

Minimum Size: 1 inch (25 mm) by 2.5 inches (64 mm).
Legend: Includeinformation or instructions indicated or as required for proper and safe

operation and maintenance.
Text: All capitalized unless otherwise indicated.

Minimum Text Height: 1/4 inch (6 mm).

Color: Black text on white background unless otherwise indicated.

a  Exceptions:
1) Provide white text on red background for general information or operational
instructions for fire alarm systems.

E. Format for Caution and Warning M essages:

1
2.

grwbdE

a bk w

Minimum Size: 2 inches (51 mm) by 4 inches (100 mm).
Legend: Includeinformation or instructions indicated or as required for proper and safe

operation and maintenance.
Text: All capitalized unless otherwise indicated.

Minimum Text Height:  1/2 inch (13 mm).

Color: Black text on yellow background unless otherwise indicated.

ormat for Receptacle |dentification:

Minimum Size:  3/8 inch (10 mm) by 1.5 inches (38 mm).
Legend: Power source and circuit number or other designation indicated.

Text: All capitalized unless otherwise indicated.

Minimum Text Height:  3/16 inch (5 mm).

Color: Black text on clear background.

G. Format for Control Device |dentification:

1
2.

Minimum Size: 3/8inch (10 mm) by 1.5 inches (38 mm).

Legend: Load controlled or other designation indicated.

3. Text: All capitalized unless otherwise indicated.
IDENTIFICATION FOR ELECTRICAL SYSTEMS
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4. Minimum Text Height: 3/16 inch (5 mm).
5. Color: Black text on clear background.

Format for Fire Alarm Device Identification:

Minimum Size: 3/8inch (10 mm) by 1.5 inches (38 mm).
Legend: Designation indicated and device zone or address.
Text: All capitalized unless otherwise indicated.

Minimum Text Height: 3/16 inch (5 mm).

Color: Red text on white background.

aghrwdPE

Nameplates. Engraved three-layer laminated plastic, black letters on white background, 2" by
6" insize

Locations:

1. Eachéectrical distribution and control equipment enclosure.

2. Disconnect Switches
3. Panelboards.

Letter Size:
1. Usel1/8inch (3 mm) lettersfor identifying individual equipment and loads.

Labels: Embossed adhesive tape, with 3/16 inch (5 mm) white | etters on black background.
Use only for identification of individua wall switches and receptacles, and control device
stations.

2.05 WIRE AND CABLE MARKERS

A.

Manufacturers:

1. Brady Gorporation: www.bradyid.com.

2. HelermannTyton: www.hellermanntyton.com.

3. Panduit Corp: www.panduit.com.

4. Brady, Bradysleeve, Catalog #B-320 PVC.

5. Substitutions; See Section 01 60 00 - Product Requirements.

Markers for Conductors and Cables: Use wrap-around self-adhesive vinyl cloth, wrap-around
self-adhesive vinyl self-laminating, heat-shrink sleeve, plastic sleeve, plastic clip-on, or vinyl
split deeve type markers suitable for the conductor or cable to be identified.

Markers for Conductor and Cable Bundles: Use plastic marker tags secured by nylon cable
ties.

Legend: Power source and circuit number or other designation indicated.

Text: Usefactory pre-printed or machine-printed text, all capitalized unless otherwise
indicated.
1. Do not use handwritten text.

Minimum Text Height:  1/8 inch (3 mm).
Color: Black text on white background unless otherwise indicated.

Description:  Vinyl cloth type self-adhesive wire markers.
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I. Locations. Each conductor at pull boxes, junction boxes, and Termination or connection points
including each load connection.

J.  Legend:
1. Power and Lighting Circuits: Branch circuit or feeder number indicated on drawings.

2.06 VOLTAGE MARKERS

A. Manufacturers:
1. Brady Gorporation: www.bradyid.com.
2. Brimar Industries, Inc:  www.brimar.com.
3. Seton ldentification Products. www.seton.com.
4. Substitutions: See Section 01 60 00 - Product Reguirements.

B. Markersfor Boxes and Equipment Enclosures: Use factory pre-printed self-adhesive vinyl or
self-adhesive vinyl cloth type markers.

C. Minimum Size:
1. Markersfor Equipment: 1 1/8 by 4 1/2 inches (29 by 110 mm).
2. Markersfor Pull Boxes: 11/8 by 4 1/2 inches (29 by 110 mm).
3. Markersfor Junction Boxes: 1/2 by 2 1/4 inches (13 by 57 mm).

D. Legend:
1. Markersfor System Identification:
a. Other Systems. Type of service.

E. Color: Black text on orange background unless otherwise indicated.
2.07 UNDERGROUND WARNING TAPE

A. Manufacturers
1. Brady Corporation: www.bradyid.com.
2.  Brimar Industries, Inc:  www.brimar.com.
3. Seton ldentification Products: www.seton.com.
4, Substitutions: See Section 01 60 00 - Product Requirements.

B. Materias: Usefoil-backed detectable type polyethylene tape suitable for direct burial, unless
otherwise indicated.

C. Foil-backed Detectable Type Tape: 3 inches (76 mm) wide, with minimum thickness of 5 mil
(0.1 mm), unless otherwise required for proper detection.

Legend: Type of service, continuously repeated over full length of tape.

E. Color:
1. Tapefor Buried Power Lines: Black text on red background.
2. Tapefor Buried Communication, Alarm, and Signal Lines. Black text on orange
background.

2.08 FLOOR MARKING TAPE
2.09 WARNING SIGNSAND LABELS

A. Manufacturers:
1. Brimar Industries, Inc: www.brimar.com.
2. Clarion Safety Systems, LLC:  www.clarionsafety.com.
3. Seton ldentification Products. www.seton.com.

IDENTIFICATION FOR ELECTRICAL SYSTEMS
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4. Subgtitutions: See Section 01 60 00 - Product Reguirements.
Comply with ANSI Z535.2 or ANSI Z535.4 as applicable.

Warning Signs:
1. Materids:
a.  Indoor Dry, Clean Locations. Use factory pre-printed rigid plastic or self-adhesive
vinyl signs.

b. Outdoor Locations. Use factory pre-printed rigid aluminum signs.
2. Rigid Signs: Provide four mounting holes at corners for mechanical fasteners.
3. Minimum Size: 7 by 10 inches (178 by 254 mm) unless otherwise indicated.

Warning Labels:

1. Materials: Usefactory pre-printed or machine-printed self-adhesive polyester, or
self-adhesive vinyl labels; UV, chemical, water, heat, and abrasion resistant; produced
using materials recognized to UL 969.

a. Do not use labels designed to be completed using handwritten text.

2. Machine-Printed Labels: Usethermal transfer process printing machines and accessories
recommended by label manufacturer.

3. Minimum Size: 2 by 4 inches (51 mm by 102 mm) unless otherwise indicated.

PART 3 EXECUTION
3.01 PREPARATION

A. Clean surfacesto receive adhesive products according to manufacturer's instructions.

B.

Degrease and clean surfaces to receive nameplates and labels.

3.02 INSTALLATION

A.
B.

Install products in accordance with manufacturer's instructions.

Install identification products to be plainly visible for examination, adjustment, servicing, and
mai ntenance. Unless otherwise indicated, locate products as follows:

1. Surface-Mounted Equipment: Enclosure front.

2. Flush-Mounted Equipment: Inside of equipment door.

3. Free-Standing Equipment: Enclosure front; also enclosure rear for equipment with rear
access.

Elevated Equipment: Legible from the floor or working platform.

Branch Devices. Adjacent to device.

Interior Components: Legible from the point of access.

Conduits: Legible from the floor.

Boxes: Outside face of cover.

Conductors and Cables: Legible from the point of access.

10 Devices. Outside face of cover.

©ooNO O A

Install identification products centered, level, and parallel with lines of item being identified.

Secure nameplates to exterior surfaces of enclosures using stainless steel screws and to interior
surfaces using self-adhesive backing, or epoxy cement.

Install self-adhesive labels and markers to achieve maximum adhesion, with no bubbles or
wrinkles and edges properly seal ed.

Install underground warning tape above buried lines with one tape per trench at 3 inches (75
mm) below finished grade.

IDENTIFICATION FOR ELECTRICAL SYSTEMS
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G. Securerigid signs using stainless steel screws.

IDENTIFICATION FOR ELECTRICAL SYSTEMS
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3.03 FIELD QUALITY CONTROL
A. See Section 01 40 00 - Quality Requirements, for additional requirements.

B. Replace self-adhesive labels and markers that exhibit bubbles, wrinkles, curling or other signs
of improper adhesion.

END OF SECTION
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SECTION 26 09 23

LIGHTING CONTROL DEVICES

PART 1 GENERAL
1.01 SECTION INCLUDES

A.

Occupancy sensors.

1.02 RELATED REQUIREMENTS

A.
B.
C.

D.

E.

Section 26 05 26 - Grounding and Bonding for Electrical Systems.
Section 26 05 37 - Boxes.

Section 26 05 53 - Identification for Electrical Systems: Identification products and
requirements.

Section 26 27 26 - Wiring Devices. Devices for manual control of lighting, including wall
switches, wall dimmers, fan speed controllers, and wall plates.

Section 26 51 00 - Interior Lighting.

1.03 REFERENCE STANDARDS

A.
B.

NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.

NECA 130 - Standard for Installing and Maintaining Wiring Devices; National Electrical
Contractors Association; 2010.

NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2008.

NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic
Fluorescent Ballasts; National Electrical Manufacturers Association; 2011.

NFPA 70 - Nationa Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

1.04 ADMINISTRATIVE REQUIREMENTS

A.

B.

Coordination:

1. Coordinate the placement of occupancy sensors with millwork, furniture, equipment or
other potential obstructionsto motion detection coverage installed under other sections or
by others.

2. Notify Delaware Engineering and Design Corporation of any conflicts or deviations from
the contract documents to obtain direction prior to proceeding with work.

Sequencing:
1. Donotinstal lighting control devices until final surface finishes and painting are complete.

1.05 SUBMITTALS

A.
B.

C.

See Section 01 30 00 - Administrative Requirements, for submittal procedures.

Product Data:  Include ratings, configurations, standard wiring diagrams, dimensions, colors,
service condition requirements, and installed features.
1. Occupancy Sensors. Include detailed motion detection coverage range diagrams.

Operation and Maintenance Data:  Include detailed information on device programming and
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setup.

D. Maintenance Materials: Furnish the following for Delaware Technical Community College's
use in maintenance of project.
1. See Section 01 60 00 - Product Requirements, for additional provisions.

E. Project Record Documents. Record actual installed locations and settings for lighting control
devices.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Manufacturer Qualifications: Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

1.07 DELIVERY, STORAGE, AND PROTECTION

A. Storeproductsin aclean, dry spacein origina manufacturer's packaging in accordance with
manufacturer's written instructions until ready for installation.

1.08 FIELD CONDITIONS

A. Maintain field conditions within manufacturer's required service conditions during and after
installation.

1.09 WARRANTY
A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements.
B. Providefive year manufacturer warranty for all occupancy sensors.

PART 2 PRODUCTS

201 ALL LIGHTING CONTROL DEVICES

A. Provide productslisted and classified by Underwriters Laboratories Inc. as suitable for the
purpose specified and indicated.

B. Unless specifically indicated to be excluded, provide all required conduit, wiring, connectors,
hardware, components, accessories, etc. as required for a complete operating system.

C. Productsfor Switching of Electronic Fluorescent Ballasts. Tested and rated to be suitable for
peak inrush currents specified in NEMA 410.

2.02 OCCUPANCY SENSORS

A. Manufacturers

Hubbell Building Automation, Inc:  www.hubbellautomation.com

Sensor Switch Inc:  www.sensorswitch.com.

WattStopper:  www.wattstopper.com.

Leviton: www.leviton.com.

Substitutions:  See Section 01 60 00 - Product Reguirements.

Source Limitations: Furnish products produced by a single manufacturer and obtained
from asingle supplier.

o~ wWNE

B. All Occupancy Sensors:
1. Description: Factory-assembled commercial specification grade devices for indoor use
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capabl e of sensing both major motion, such as walking, and minor motion, such as small

desktop level movements, according to published coverage areas, for automatic control of

load indicated.

2. Sensor Technology:

a.  Passive Infrared/Ultrasonic Dual Technology Occupancy Sensors. Designed to
detect occupancy using a combination of both passive infrared and ultrasonic
technologies.

3. Operation: Unless otherwise indicated, occupancy sensor to turn load on when occupant
presence is detected and to turn load off when no occupant presence is detected during an
adjustable turn-off delay time interval.

4. Dua Technology Occupancy Sensors. Field configurable turn-on and hold-on activation
with settings for activation by either or both sensing technologies.

5. Turn-Off Delay: Fidd adjustable, up to a maximum time delay setting of not lessthan 15
minutes and not more than 30 minutes.

6. Sengitivity: Field adjustable.

7. Adaptive Technology: Field selectable; capable of self-adjusting sensitivity and time
delay according to conditions.

8. Integral Photocell: For field selectable and adjustable inhibition of automatic turn-on of
load when ambient lighting is above the selected level.

9. Compatibility: Suitable for controlling incandescent lighting, low-voltage lighting with
electronic and magnetic transformers, fluorescent lighting with electronic and magnetic
ballasts, and fractional motor loads, with no minimum load reguirements.

C. Ceiling Mounted Occupancy Sensors:

1. All Ceiling Mounted Occupancy Sensors.
a.  Description: Low profile occupancy sensors designed for ceiling installation.
b. Unlessotherwise indicated or required to control the load indicated on the drawings,

provide low voltage units, for use with separate compatible accessory power packs.

c. Finish: White unless otherwise indicated.

2. Passive Infrared/Ultrasonic Dual Technology Ceiling Mounted Occupancy Sensors:
a.  Provide as specified on drawings.

D. Power Packsfor Low Voltage Occupancy Sensors:

1. Description: Plenum rated, self-contained low voltage class 2 transformer and relay
compatible with specified low voltage occupancy sensors for switching of line voltage
loads.

2. Provide quantity and configuration of power and dave packs with all associated wiring and
accessories as required to control the load indicated on the drawings.

3. Input Supply Voltage: Dual rated for 120/277 V ac.

4. Load Rating:

a.  Fluorescent Load: Not lessthan 20 A.
b. Motor Load: Not lessthan 1 HP.

PART 3 EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on the drawings.
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G.

Verify that outlet boxes are installed in proper locations and at proper mounting heights and are
properly sized to accommodate devices and conductors in accordance with NFPA 70.

Verify that openings for outlet boxes are neatly cut and will be completely covered by devices
or wall plates.

Verify that final surface finishes are complete, including painting.

Verify that branch circuit wiring installation is completed, tested, and ready for connection to
lighting control devices.

Verify that the service voltage and ratings of lighting control devices are appropriate for the
service voltage and load requirements at the location to be installed.

Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION

A.
B.

Provide extension rings to bring outlet boxes flush with finished surface.

Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

3.03 INSTALLATION

A.

K.
LIGHTI

Perform work in a neat and workmanlike manner in accordance with NECA 1 and, where
applicable, NECA 130, including mounting heights specified in those standards unless
otherwise indicated.

Coordinate locations of outlet boxes provided under Section 26 05 37 as required for installation
of lighting control devices provided under this section.

Install lighting control devices in accordance with manufacturer's instructions.

Unless otherwise indicated, connect lighting control device grounding terminal or conductor to
branch circuit equipment grounding conductor and to outlet box with bonding jumper.

Install lighting control devices plumb and level, and held securely in place.
Identify lighting control devices in accordance with Section 26 05 53.

Occupancy Sensor Locations:

1. Location Adjustments. Within the design intent, reasonably minor adjustments to
locations may be made in order to optimize coverage and avoid conflicts or problems
affecting coverage.

2. Locate dual technology passive infrared/ultrasonic occupancy sensors a minimum of 4 feet
(2.2 m) from air supply ducts or other sources of heavy air flow and as per manufacturer's
recommendations, in order to minimize false triggers.

Lamp Burn-In:  Operate lamps at full output for minimum of 100 hours or prescribed period
per manufacturer's recommendations prior to use with any dimming controls. Replace lamps
that fail prematurely due to improper lamp burn-in.

Unless otherwise indicated, install power packs for lighting control devices above accessible
ceiling or above access pandl in inaccessible ceiling near the sensor |ocation.

Where indicated, install separate compatible wall switches for manual control interface with
lighting control devices or associated power packs.

Unless otherwise indicated, install switches on load side of power packs so that switch does not
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turn off power pack.

3.04 FIELD QUALITY CONTROL

A.
B.
C.

D.

See Section 01 40 00 - Quality Requirements, for additional requirements.
Inspect each lighting control device for damage and defects.

Test occupancy sensorsto verify proper operation, including time delays and ambient light
thresholds where applicable. Verify optimal coverage for entire room or area.

Correct wiring deficiencies and replace damaged or defective lighting control devices.

3.05 ADJUSTING

A.
B.

C.

Adjust devices and wall platesto be flush and level.

Adjust occupancy sensor settings to minimize undesired activations while optimizing energy
savings, and to achieve desired function asindicated or as directed by Delaware Engineering
and Design Corporation.

Where indicated or as directed by Architect, install factory masking material or adjust integral
blinders on dual technology occupancy sensor lensesto block undesired motion detection.

3.06 CLEANING

A.

Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match
original factory finish.

3.07 COMMISSIONING

A.

See Section 01 91 13 for commissioning requirements.

3.08 CLOSEOUT ACTIVITIES

A.
B.
C.

See Section 01 78 00 - Closeout Submittals, for closeout submittals.
See Section 01 79 00 - Demonstration and Training, for additional requirements.

Training: Train Delaware Technical Community College's personnel on operation, adjustment,

programming, and maintenance of lighting control devices.

1. Useoperation and maintenance manual astraining reference, supplemented with additional
training materials as required.

END OF SECTION
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SECTION 26 24 16

PANELBOARDS

PART 1 GENERAL
1.01 SECTION INCLUDES

A.
B.
C.

Power distribution panelboards.
Lighting and appliance panel boards.

Overcurrent protective devices for panelboards.

1.02 RELATED REQUIREMENTS

A.
B.
C.

D.

Section 26 05 26 - Grounding and Bonding for Electrical Systems.
Section 26 05 29 - Hangers and Supports for Electrical Systems.

Section 26 05 53 - Identification for Electrical Systems: Identification products and
requirements.

Section 26 43 00 - Surge Protective Devices.

1.03 REFERENCE STANDARDS

A.

FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; Federal
Specification; Revision D, 2006.

NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

NECA 407 - Standard for Installing and Maintaining Panelboards; National Electrical
Contractors Association; 2009.

NEMA 250 - Enclosures for Electrical Equipment (1000 V olts Maximum); 2008.

NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts
Maximum); National Electrical Manufacturers Association; 2001 (R2006).

NEMA PB 1 - Panelboards; National Electrical Manufacturers Association; 2011.

NEMA PB 1.1 - General Instructions for Proper Installation, Operation and Maintenance of
Panelboards Rated 600 Volts or Less; Nationa Electrical Manufacturers Association; 2007.

NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution
Equipment and Systems; Internationa Electrica Testing Association; 2009.

NFPA 70 - Nationa Electrical Code; Nationa Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current
Edition, Including All Revisions.

UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,
Including All Revisions.

UL 67 - Panelboards; Current Edition, Including All Revisions.
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M.

N.

UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker
Enclosures; Current Edition, Including All Revisions.

UL 869A - Reference Standard for Service Equipment; Current Edition, Including All
Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A.

Coordination:

1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment,
or other potentia obstructions within the dedicated equipment spaces and working
clearances for electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Coordinate the work with other trades to provide walls suitable for installation of
flush-mounted panel boards where indi cated.

4. Verify with manufacturer that conductor terminations are suitable for use with the
conductors to be installed.

5. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations
from the contract documents. Obtain direction before proceeding with work.

1.05 SUBMITTALS

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Product Data:  Provide manufacturer's standard catalog pages and data sheets for panelboards,
enclosures, overcurrent protective devices, and other installed components and accessories.

Shop Drawings. Indicate outline and support point dimensions, voltage, main bus ampacity,

overcurrent protective device arrangement and sizes, short circuit current ratings, conduit entry

locations, conductor terminal information, and installed features and accessories.

1. Include dimensioned plan and elevation views of panelboards and adjacent equipment with
all required clearances indicated.

2. Clearly indicate whether proposed short circuit current ratings are fully rated or, where
acceptable, series rated systems.

3. Include documentation of listed series ratings upon request.

Project Record Documents.  Record actual installed |ocations of panelboards and actual
installed circuiting arrangements.

Maintenance Materials.  Furnish the following for Delaware Technical Community College's
use in maintenance of project.

1. See Section 01 60 00 - Product Requirements, for additional provisions.

2. Panelboard Keys: Two of each different key.

1.06 QUALITY ASSURANCE

A.
B.

C.

Conform to requirements of NFPA 70.

Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

Manufacturer Qualifications: Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

1.07 DELIVERY, STORAGE, AND HANDLING
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A.

C.

Receive, inspect, handle, and store panelboards in accordance with manufacturer's instructions
and NECA 407.

Storein aclean, dry space. Maintain factory wrapping or provide an additiona heavy canvas
or heavy plastic cover to protect units from dirt, water, construction debris, and traffic.

Handle carefully in accordance with manufacturer's written instructions to avoid damage to
panelboard internal components, enclosure, and finish.

1.08 FIELD CONDITIONS

A.

Maintain ambient temperature within the following limits during and after installation of

panelboards:

1. Panelboards Containing Circuit Breakers: Between 23 degrees F (-5 degrees C) and 104
degrees F (40 degrees C).

PART 2 PRODUCTS
2.01 MANUFACTURERS

A.

m©oOow

Siemens Industry, Inc:  www.sea.siemens.com.

Eaton Corporation; Cutler-Hammer Products: www.eaton.com.
General Electric Company: www.geindustrial.com.

Schneider Electric; Square D Products:  www.schneider-electric.us.

Source Limitations:  Furnish panelboards and associated components produced by the same
manufacturer as the other electrical distribution equipment used for this project and obtained
from asingle supplier.

2.02 ALL PANELBOARDS

A.

Provide products listed and | abeled by Underwriters Laboratories Inc. as suitable for the purpose
indicated.

Unless otherwise indicated, provide products suitable for continuous operation under the
following service conditions:
1. Altitude: Lessthan 6,600 feet (2,000 m).
2. Ambient Temperature:
a.  Panelboards Containing Circuit Breakers. Between 23 degrees F (-5 degrees C) and
104 degrees F (40 degrees C).

Short Circuit Current Rating:

1. Provide panelboards with listed short circuit current rating as indicated on the drawings.

2. Listed seriesratings are acceptable, except where not permitted by motor contribution
according to NFPA 70.

3. Label equipment utilizing series ratings as required by NFPA 70.

Panel boards Used for Service Entrance: Listed and labeled as suitable for use as service
equipment according to UL 869A.

Mains. Configure for top or bottom incoming feed asindicated or as required for the
installation.

Branch Overcurrent Protective Devices: Replaceable without disturbing adjacent devices.

Bussing: Sized in accordance with UL 67 temperature rise requirements.
1. Providefully rated neutral bus unless otherwise indicated, with a suitable lug for each
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feeder or branch circuit requiring a neutral connection.

2. Provide 200 percent rated neutral bus and lugs where indicated or where oversized neutral
conductors are provided.

3. Provide solidly bonded equipment ground bus in each panelboard, with a suitable lug for
each feeder and branch circuit equipment grounding conductor.

H. Conductor Terminations, Suitable for use with the conductors to be installed.

I.  Enclosures. Comply with NEMA 250, and list and label as complying with UL 50 and UL
50E.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the
following installation locations:
a. Indoor Clean, Dry Locations: Type 1.
b. Outdoor Locations. Type4X, stainless stedl.
2. Boxes: Galvanized steel unless otherwise indicated.
a. Provide wiring gutters sized to accommodate the conductors to be installed.
b. Increase gutter space as required where sub-feed lugs, feed-through lugs, gutter taps,
or oversized lugs are provided.
c. Provide painted steel boxes for surface-mounted panelboards where indicated, finish
to match fronts.
3. Fronts:
a. Frontsfor Surface-Mounted Enclosures. Same dimensions as boxes.
b. Frontsfor Flush-Mounted Enclosures:. Overlap boxes on all sidesto conceal rough
opening.
c. Finishfor Painted Steel Fronts:. Manufacturer's standard grey unless otherwise
indicated.
4. Lockable Doors: All locks keyed aike unless otherwise indicated.

J.  Future Provisions: Prepare all unused spaces for future installation of devicesincluding
bussing, connectors, mounting hardware and all other required provisions.

K. Surge Protective Devices. Where factory-installed, internally mounted surge protective devices
are provided in accordance with Section 26 43 00, list and label panelboards as a complete
assembly including surge protective device.

L. Multi-Section Panelboards. Provide enclosures of the same height, with feed-through lugs or
sub-feed lugs and feeders as indicated or as required to interconnect sections.

M. Load centers are not acceptable.
2.03 POWER DISTRIBUTION PANELBOARDS

A. Description: Panelboards complying with NEMA PB 1, power and feeder distribution type,
circuit breaker type, and listed and labeled as complying with UL 67; ratings, configurations and
features as indicated on the drawings.

B. Conductor Terminations:
1. Mainand Neutral Lug Material: Aluminum, suitable for terminating aluminum or copper
conductors.
2. Mainand Neutral Lug Type: Mechanical.

C. Bussing:
1. Phaseand Neutral Bus Material: Aluminum or copper.
2. Ground Bus Materia: Aluminum or copper.

D. Circuit Breakers:
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r o m

1. Provide bolt-on type.
2. Provide thermal magnetic circuit breakers unless otherwise indicated.
3. Provide dectronic trip circuit breakers where indicated.

Enclosures:

1. Provide surface-mounted or flush-mounted enclosures as indicated.

2. Fronts: Provide lockable hinged door with concealed hinges for access to overcurrent
protective device handles without exposing live parts.

3. Provideclear plastic circuit directory holder mounted on inside of door.

Description: NEMA PB 1, circuit breaker type.
Panelboard Bus. Copper, ratings as indicated. Provide copper ground bus in each panel board.
Minimum integrated short circuit rating: asindicated.

Molded Case Circuit Breakers: With integral thermal and instantaneous magnetic trip in each
pole; UL listed. For air conditioning equipment branch circuits provide circuit breakers UL
listed as Type HACR.

Cabinet Font: Surface type, fastened with concealed trim clamps, hinged door with flush lock,
metal directory frame, finished in manufacturer's standard gray enamel.

2.04 LIGHTING AND APPLIANCE PANELBOARDS

A.

H.

l.
J.

Description:  Panelboards complying with NEMA PB 1, lighting and appliance branch circuit
type, circuit breaker type, and listed and labeled as complying with UL 67; ratings,
configurations and features as indicated on the drawings.

Conductor Terminations:

1. Mainand Neutral Lug Material:  Aluminum, suitable for terminating aluminum or copper
conductors.

2. Mainand Neutral Lug Type: Mechanical.

Bussing:
1. Phase Bus Connections. Arranged for sequential phasing of overcurrent protective
devices.

2. Phaseand Neutral Bus Material: Aluminum or copper.
3. Ground BusMateria: Aluminum or copper.

Circuit Breakers: Thermal magnetic bolt-on type.

Enclosures:

1. Provide surface-mounted or flush-mounted enclosures as indicated.

2. Fronts: Provide lockable hinged door with concealed hinges for access to overcurrent
protective device handles without exposing live parts.

3. Provideclear plastic circuit directory holder mounted on inside of door.

Description: NEMA PB1, circuit breaker type, lighting and appliance branch circuit
panelboard.

Panelboard Bus. Copper, ratings asindicated. Provide copper ground bus in each panelboard;
provide insulated ground bus where schedul ed.

Minimum Integrated Short Circuit Rating: Asindicated.
Series Rated panelboards are not acceptable.
Molded Case Circuit Breakers: Thermal magnetic trip circuit breakers, bolt-on type, with

PANELBOARDS 262416- 5



DTCC Powerplant Education Facility
Sussex County Airport & Industrial Park
Delaware Technical Community College
Owens Campus, Georgetown, Delaware

common trip handle for all poles; UL listed.

1. Type SWD for lighting circuits.

2. TypeHACR for air conditioning equipment circuits.

3. Class A ground fault interrupter circuit breakers where scheduled.
4. Do not use tandem circuit breakers.

K. Enclosuree NEMA PB 1, Type 1.

L. Cabinet Front: Flush or surface cabinet front with concealed trim clamps, concealed hinge,
metal directory frame, and flush lock all keyed alike. Finish in manufacturer's standard gray
enamel.

2.05 OVERCURRENT PROTECTIVE DEVICES

A. Molded Case Circuit Breakers:

1. Description: Quick-make, quick-break, over center toggle, trip-free, trip-indicating circuit
breakers listed and labeled as complying with UL 489, and complying with FSW-C-375
where applicable; ratings, configurations, and features as indicated on the drawings.

2. Interrupting Capacity:

a.  Provide circuit breakers with interrupting capacity as required to provide the short
circuit current rating indicated, but not less than:

1) 10,000 rmssymmetrical amperes at 240 VAC or 208 VAC.

b. Fully Rated Systems. Provide circuit breakers with interrupting capacity not less
than the short circuit current rating indicated.

c. SeriesRated Systems: Provide circuit breakers listed in combination with upstream
devicesto provide interrupting rating not |ess than the short circuit current rating
indicated.

3. Conductor Terminations:

a.  Provide mechanica lugs unless otherwise indicated.

b. Provide compression lugs where indicated.

c. LugMateria: Aluminum, suitable for terminating aluminum or copper conductors.

4. Thermal Magnetic Circuit Breakers. For each pole, furnish thermal inverse timetripping
element for overload protection and magnetic instantaneous tripping element for short
circuit protection.

a. Provide field-adjustable magnetic instantaneous trip setting for circuit breaker frame
sizes 225 amperes and larger.

5. Electronic Trip Circuit Breakers: Furnish solid state, microprocessor-based, true rms
sensing trip units.

a.  Provide the following field-adjustable trip response settings:

1) Long time pickup, adjustable by replacing interchangeable trip unit or by setting
dial.

2) Longtimedelay.

3) Short time pickup and delay.

4) Instantaneous pickup.

5) Ground fault pickup and delay where ground fault protection isindicated.

b. Provide zone selective interlocking capability where indicated, capable of
communicating with other electronic trip circuit breakers and externa ground fault
sensing systems to control short time delay and ground fault delay functions for
system coordination purposes.

6. Multi-Pole Circuit Breakers: Furnish with common trip for al poles.

7. Provide listed switching duty rated circuit breakers with SWD marking for all branch
circuits serving fluorescent lighting.

8. Providelisted high intensity discharge lighting rated circuit breakers with HID marking for
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all branch circuits serving HID lighting.
9. Donot use handletiesin lieu of multi-pole circuit breakers.
10. Provide multi-pole circuit breakers for multi-wire branch circuits as required by NFPA 70.

2.06 SOURCE QUALITY CONTROL

A.

Factory test panelboards according to NEMA PB 1.

PART 3 EXECUTION
3.01 EXAMINATION

A.
B.

C.
D.

Verify that field measurements are as shown on the drawings.

Verify that the ratings and configurations of the panelboards and associated components are
consistent with the indicated requirements.

Verify that mounting surfaces are ready to receive panelboards.

Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A.
B.

Install productsin accordance with manufacturer'sinstructions.

Install panelboards securely, in aneat and workmanlike manner in accordance with NECA 1
(general workmanship), NECA 407 (panelboards), and NEMA PB 1.1.

Arrange equipment to provide minimum clearances in accordance with manufacturer's
instructions and NFPA 70.

Provide required supports in accordance with Section 26 05 29.
Install panelboards plumb.

Install flush-mounted panelboards so that trims fit completely flush to wall with no gaps and
rough opening completely covered.

Mount panelboards such that the highest position of any operating handle for circuit breakers or
switches does not exceed 79 inches (2000 mm) above the floor or working platform.

Provide minimum of six spare 1 inch (27 mm) trade size conduits out of each flush-mounted
panelboard stubbed into accessible space above ceiling and below floor.

Provide grounding and bonding in accordance with Section 26 05 26.
Install dl field-installed branch devices, components, and accessories.

Multi-Wire Branch Circuits:  Group grounded and ungrounded conductors together in the
panelboard as required by NFPA 70.

Install panelboards in accordance with NEMA PB 1.1 and NECA 1.
Install panelboards plumb. Install recessed panel boards flush with wall finishes.

Height: 6 feet (1800 mm) to top of panelboard; install panelboards taller than 6 feet (1800 mm)
with bottom no more than 4 inches (100 mm) above floor.

Providefiller platesto cover unused spaces in panelboards.

Provide circuit breaker lock-on devices to prevent unauthorized personnel from de-energizing
essential loads whereindicated. Also provide for the following:
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Q.
R.

V.

1. Firedetection and alarm circuits.
Identify panelboards in accordance with Section 26 05 53.

Provide computer-generated circuit directory for each lighting and appliance panelboard, and
each power distribution panelboard provided with a door, clearly and specifically indicating the
loads served. ldentify spares and spaces.

Provide identification nameplate for each panelboard in accordance with Section 26 05 53.
Provide arc flash warning labels in accordance with NFPA 70.

Provide spare conduits out of each recessed panelboard to an accessible location above ceiling.
Identify each as SPARE.

Ground and bond panel board enclosure according to Section 26 05 26.

3.03 FIELD QUALITY CONTROL

A.

B
C.
D

m

Perform inspection, testing, and adjusting in accordance with Section 01 40 00.
Perform field inspection and testing in accordance with Section 01 40 00.
Inspect and test in accordance with NETA STD ATS, except Section 4.

Molded Case Circuit Breakers: Perform inspections and testslisted in NETA STD ATS,
Section 7.6.1.1 for al main circuit breakers. Tests listed as optional are not required.

Correct deficiencies and replace damaged or defective panelboards or associated components.

Perform inspections and tests listed in NETA STD ATS, Section 7.5 for switches, Section 7.6
for circuit breakers.

3.04 ADJUSTING

A.

Adjust tightness of mechanical and electrical connections to manufacturer's recommended
torque settings.

Adjust alignment of panelboard fronts.

Load Balancing: For each panelboard, rearrange circuits such that the difference between each
measured steady state phase load does not exceed 20 percent and adjust circuit directories
accordingly. Maintain proper phasing for multi-wire branch circuits.

3.05 CLEANING

A. Clean dirt and debris from panelboard enclosures and components according to manufacturer's

B.

instructions.

Repair scratched or marred exterior surfaces to match origina factory finish.

END OF SECTION
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SECTION 26 27 01

ELECTRICAL SERVICE ENTRANCE
PART 1 GENERAL
1.01 SECTION INCLUDES
A. Meter bases.
1.02 REFERENCE STANDARDS

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

B. NFPA 70 - Nationa Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

1.03 SYSTEM DESCRIPTION
A. System Characteristics. 208Y/120 volts, single phase, four-wire, 60 Hertz.
1.04 ADMINISTRATIVE REQUIREMENTS

A. Preinstallation Meeting: Convene one week prior to commencing work of this section.
Review service entrance requirements and details with Utility Company representative.

1.05 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.
B. Product Data: Provide ratings and dimensions of transformer cabinets and meter bases.
C. Submit utility company-prepared drawings.
1.06 QUALITY ASSURANCE
A. Utility Company:

B. Perform work in accordance with utility company written requirements and NFPA 70.
1. Maintain one copy of each document on site.

C. Products: Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose
specified and indicated.

PART 2 PRODUCTS
2.01 MANUFACTURERS
GE Industria: www.geindustrial.com.

Milbank Manufacturing:  www.milbankmfg.com.

oW >

SquareD:  www.squared.com.
D. Substitutions: See Section 01 60 00 - Product Requirements.
2.02 COMPONENTS

A. Provide service entrance components as indicated on drawings. Coordinate al requirements
with utility company.
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B. Other Components: Asrequired by utility company.
PART 3 EXECUTION
3.01 PREPARATION

A. Arrange with utility company to obtain permanent electric service to the Project.

B. Verify that field measurements are asindicated on utility company drawings.
3.02 INSTALLATION

A. Install meter base asrequired by utility company.

B. Install securely, in aneat and workmanlike manner, as specified in NECA 1.

END OF SECTION

ELECTRICAL SERVICE ENTRANCE
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SECTION 26 27 17

EQUIPMENT WIRING

PART 1 GENERAL
1.01 SECTION INCLUDES

A. Electrica connectionsto egquipment.
1.02 RELATED REQUIREMENTS

A. Section 26 05 34 - Conduit.
Section 26 05 19 - Low-Voltage Electrical Power Conductors and Cables (600 V and Less).
Section 26 05 37 - Boxes.
Section 26 27 26 - Wiring Devices.
Section 26 28 18 - Enclosed Switches.

F. Section 26 29 13 - Enclosed Controllers.
1.03 REFERENCE STANDARDS

A. NEMA WD 1 - General Color Requirements for Wiring Devices; Nationa Electrical
Manufacturers Association; 1999 (R 2005).

B. NEMA WD 6 - Wiring Devices - Dimensional Requirements; National Electrical Manufacturers
Association; 2002 (R2008).

C. NFPA 70 - National Electrica Code; Nationa Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Obtain and review shop drawings, product data, manufacturer's wiring diagrams, and
manufacturer's instructions for equipment furnished under other sections.
2. Determine connection locations and requirements.

B. Sequencing:
1. Instal rough-in of electrical connections before installation of equipment is required.
2. Make electrical connections before required start-up of equipment.

1.05 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Mmoo o

B. Product Data: Provide wiring device manufacturer’s catalog information showing dimensions,
configurations, and construction.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Products. Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose
specified and indicated.

PART 2 PRODUCTS
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2.01 MATERIALS

A.

mo O

F.

Cordsand Caps:. NEMA WD 6; match receptacle configuration at outlet provided for

equipment.

1. Coalors: Conformto NEMA WD 1.

2. Cord Construction: NFPA 70, Type SO, multiconductor flexible cord with identified
equipment grounding conductor, suitable for use in damp locations.

3. Size Suitable for connected load of equipment, length of cord, and rating of branch
circuit overcurrent protection.

Disconnect Switches: As specified in Section 26 28 18 and in individual equipment sections.
Wiring Devices. As specified in Section 26 27 26.

Flexible Conduit: As specified in Section 26 05 34.

Wire and Cable: As specified in Section 26 05 19.

Boxes. As gpecifiedin Section 26 05 37.

PART 3 EXECUTION
3.01 EXAMINATION

A.

Verify that equipment isready for electrical connection, wiring, and energization.

3.02 ELECTRICAL CONNECTIONS

A.
B.

Make electrical connections in accordance with equipment manufacturer's instructions.

Make conduit connections to equipment using flexible conduit. Use liquidtight flexible conduit
with watertight connectorsin damp or wet locations.

Connect heat producing equipment using wire and cable with insulation suitable for
temperatures encountered.

Provide receptacle outlet to accommodate connection with attachment plug.
Provide cord and cap where field-supplied attachment plug is required.

Install suitable strain-relief clamps and fittings for cord connections at outlet boxes and
equipment connection boxes.

Install disconnect switches, controllers, control stations, and control devicesto complete
equipment wiring requirements.

Install terminal block jumpers to complete equipment wiring requirements.

Install interconnecting conduit and wiring between devices and equipment to complete
equipment wiring requirements.

Coolersand Freezers: Cut and seal conduit openingsin freezer and cooler walls, floor, and
ceilings.

END OF SECTION
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SECTION 26 27 26

WIRING DEVICES

PART 1 GENERAL
1.01 SECTION INCLUDES

o w >

D.

Wall switches.
Wall dimmers.
Receptacles.
Wall plates.

1.02 RELATED REQUIREMENTS

A.
B.

C.
D.

E.

Section 26 05 26 - Grounding and Bonding for Electrical Systems.

Section 26 05 35 - Surface Raceways. Surface raceway systems, including multioutlet
assemblies.

Section 26 05 37 - Boxes.

Section 26 05 53 - Identification for Electrical Systems. Identification products and
requirements.

Section 26 27 17 - Equipment Wiring: Cords and plugs for equipment.

1.03 REFERENCE STANDARDS

A.

K.

FS W-C-596 - Connector, Electrical, Power, General Specification for; Federal Specification;
Revision G, 2001.

FSW-S-896 - Switches, Toggle (Toggle and Lock), Flush-mounted (General Specification);
Federal Specification; Revision F, 1999.

NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

NECA 130 - Standard for Installing and Maintaining Wiring Devices; National Electrical
Contractors Association; 2010.

NEMA WD 1 - General Color Requirements for Wiring Devices; National Electrical
Manufacturers Association; 1999 (R 2005).

NEMA WD 6 - Wiring Device -- Dimensional Requirements; National Electrical Manufacturers
Association; 2002 (R2008).

NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

UL 20 - General-Use Snap Switches; Current Edition, Including All Revisions.
UL 498 - Attachment Plugs and Receptacles; Current Edition, Including All Revisions.

UL 514D - Cover Plates for Flush-Mounted Wiring Devices, Current Edition, Including All
Revisions.

UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions.
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L. UL 1472 - Solid-State Dimming Controls; Current Edition, Including All Revisions.
1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:

1. Coordinate the placement of outlet boxes with millwork, furniture, equipment, etc.
installed under other sections or by others.

2. Coordinate wiring device ratings and configurations with the electrical requirements of
actual equipment to be installed.

3. Coordinate the placement of outlet boxes for wall switches with actual installed door
swings.

4. Coordinate the installation and preparation of uneven surfaces, such as split face block, to
provide suitable surface for installation of wiring devices.

5. Notify Delaware Engineering and Design Corporation of any conflicts or deviations from
the contract documents to obtain direction prior to proceeding with work.

B. Sequencing:
1. Do notinstall wiring devices until final surface finishes and painting are complete.

1.05 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide manufacturer's catal og information showing dimensions, colors, and
configurations.
1. Wwall Dimmers: Include derating information for ganged multiple devices.

C. Project Record Documents: Record actud installed locations of wiring devices.

D. Maintenance Materials: Furnish the following for Delaware Technical Community College's
use in maintenance of project.
1. See Section 01 60 00 - Product Requirements, for additional provisions.
2. ExtraWwall Plates: One of each style, size, and finish.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Manufacturer Qualifications: Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

1.07 DELIVERY, STORAGE, AND PROTECTION
A. Storeinaclean, dry spacein original manufacturer's packaging until ready for installation.

B. Products: Provide products listed and classified by Underwriters Laboratories Inc. as suitable
for the purpose specified and indicated.

PART 2 PRODUCTS
2.01 MANUFACTURERS
A. Hubbell Incorporated; : www.hubbell-wiring.com.
B. Pass& Seymour, abrand of Legrand North America, Inc; :  www.legrand.us

C. Cooper Wiring Devices. www.cooperwiringdevices.com.
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D. Leviton Manufacturing, Inc: www.leviton.com.

E. Bryant

F. Substitutions: See Section 01 60 00 - Product Requirements.
G

Source Limitations: Where possible, for each type of wiring device furnish products produced
by a single manufacturer and obtained from a single supplier.

H. SourceLimitations. Where wall controls are furnished as part of lighting control system,
provide accessory matching receptacles and wall plates by the same manufacturer in locations
indicated.

2.02 APPLICATIONS
A. Provide wiring devices suitable for intended use and with ratings adequate for load served.

B. For single receptaclesinstalled on anindividual branch circuit, provide receptacle with ampere
rating not less than that of the branch circuit.

C. Provide wesather resistant GFI receptacl es with specified weatherproof coversfor al receptacles
installed outdoors or in damp or wet locations.

D. Provide GFI protection for all receptaclesinstalled within 6 feet (1.8 m) of sinks.
E. Provide GFl protection for all receptacles serving el ectric drinking fountains.
F. Unlessnoted otherwise, do not use combination switch/receptacle devices.

2.03 ALL WIRING DEVICES

A. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the
purpose specified and indicated.

2.04 WALL SWITCHES

A. Provide as specified on drawings.
2.05 WALL DIMMERS

A. Provide as specified on drawings.
2.06 RECEPTACLES

A. Provide as specified on drawings.

B. GFl Receptacles:
1. All GF Receptacles: Provide with feed-through protection, light to indicate ground fault
tripped condition and loss of protection, and list as complying with UL 943, class A.
2.  Weather Resistant GFI Receptacles. Industrial specification grade, duplex, 20A, 125V,
NEMA 5-20R, rectangular decorator style, listed and labeled as weather resistant type
complying with UL 498 Supplement SE suitable for installation in damp or wet |ocations.

2.07 WALL PLATES

A. Manufacturers;

1. Hubbell Incorporated; : www.hubbell-wiring.com.
2. Leviton Manufacturing Company, Inc; . www.leviton.com.
3. Pass& Seymour, abrand of Legrand North America, Inc; . www.legrand.us

4. Substitutions: See Section 01 60 00 - Product Requirements.
5. SourceLimitations. Where wall controls are furnished as part of lighting control system,

WIRING DEVICES 262726- 3



DTCC Powerplant Education Facility
Sussex County Airport & Industrial Park
Delaware Technical Community College
Owens Campus, Georgetown, Delaware

provide accessory matching receptacles and wallplates by the same manufacturer in
locations indicated.

B. All Wall Plates: Comply with UL 514D.
1. Configuration: One piece cover asrequired for quantity and types of corresponding
wiring devices.
2. Sizee Standard.
3. Screws. Metal with slotted heads finished to match wall plate finish.

C. NylonWall Plates. Smooth finish, high-impact thermoplastic.
Stainless Steel Wall Plates: Brushed satin finish, Type 302 stainless stedl.

E. Weatherproof Coversfor Wet or Damp Locations: Gasketed, cast aluminum or zinc, with
hinged lockable cover and corrosion-resistant screws; listed as suitable for use in wet locations
while in use with attachment plugs connected.

F. Decorative Cover Plates:, Smooth stainless steel.
G. Weatherproof Cover Plates: Gasketed cast metal with gasketed device cover.
H. Surface Mounted Device Cover Plates. Galvanized steel.
PART 3 EXECUTION
3.01 EXAMINATION
A. Veify that field measurements are as shown on the drawings.

B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are
properly sized to accommodate devices and conductors in accordance with NFPA 70.

Verify that wall openings are neatly cut and will be completely covered by wall plates.
Verify that final surface finishes are complete, including painting.

Verify that floor boxes are adjusted properly.

nmgo o

Verify that branch circuit wiring installation is completed, tested, and ready for connection to
wiring devices.

G. Verify that conditions are satisfactory for installation prior to starting work.
3.02 PREPARATION

A. Provide extension rings to bring outlet boxes flush with finished surface.

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes.
3.03 INSTALLATION

A. Perform work in aneat and workmanlike manner in accordance with NECA 1 and, where
applicable, NECA 130, including mounting heights specified in those standards unless
otherwise indicated.

B. Performwork in a neat and workmanlike manner in accordance with NECA 1, including
mounting heights specified in that standard unless otherwise indicated.
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Coordinate locations of outlet boxes provided under Section 26 05 37 as required for install ation

of wiring devices provided under this section.

1. Mounting Heights: Asindicated on the drawings.

2. Orient outlet boxesfor vertical installation of wiring devices unless otherwise indicated.

3. Where multiple receptacles or wall switches are installed at the same location and at the
same mounting height, gang devices together under acommon wall plate.

4. Locate wall switches on strike side of door with edge of wall plate 3 inches (80 mm) from
edge of door frame. Where |locations are indicated otherwise, notify Delaware Engineering
and Design Corporation to obtain direction prior to proceeding with work.

5. Locate receptacles for eectric drinking fountains concealed behind drinking fountain
according to manufacturer'sinstructions.

Install wiring devices in accordance with manufacturer's instructions.

Install permanent barrier between ganged wiring devices when voltage between adjacent
devices exceeds 300 V.

Where required, connect wiring devices using pigtails not less than 6 inches (150 mm) long. Do
not connect more than one conductor to wiring device terminals.

Connect wiring devices by wrapping conductor clockwise 3/4 turn around screw terminal and
tightening to proper torgue specified by the manufacturer. Where present, do not use push-in
pressure terminals that do not rely on screw-actuated binding.

Unless otherwise indicated, connect wiring device grounding terminal to branch circuit
equipment grounding conductor and to outlet box with bonding jumper.

Provide GFI receptacles with integral GFI protection at each location indicated. Do not use
feed-through wiring to protect downstream devices.

Install securely, in a neat and workmanlike manner, as specified in NECA 1.
Install wiring devices plumb and level with mounting yoke held rigidly in place.
Install wall switches with OFF position down.

Do not share neutral conductor on branch circuits utilizing wall dimmers.

Install vertically mounted receptacles with grounding pole on top and horizontally mounted
receptacles with grounding pole on | eft.

Install wall platesto fit completely flush to wall with no gaps and rough opening completely
covered without strain on wall plate. Repair or reinstall improperly installed outlet boxes or
improperly sized rough openings. Do not use oversized wall platesin lieu of meeting this
requirement.

Install blank wall plates on junction boxes and on outlet boxes with no wiring devicesinstalled
or designated for future use.

Identify wiring devices in accordance with Section 26 05 53.

Install receptacles with grounding pole on bottom.

Connect wiring device grounding terminal to outlet box with bonding jumper.
Install decorative plates on switch, receptacle, and blank outletsin finished areas.

Connect wiring devices by wrapping conductor around screw terminal.
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V. Install galvanized sted cover plates on outlet boxes and junction boxesin unfinished areas,
above accessible ceilings, and on surface mounted switches & outlets.

3.04 INTERFACEWITH OTHER PRODUCTS

A. Coordinate locations of outlet boxes provided under Section 26 05 37 to obtain mounting
heights specified.

3.05 FIELD QUALITY CONTROL
A. Perform field inspection, testing, and adjusting in accordance with Section 01 40 00.
B. Inspect each wiring device for damage and defects.

C. Operate each wall switch, wall dimmer, and fan speed controller with circuit energized to verify
proper operation.

D. Operate each wall switch with circuit energized and verify proper operation.
Test each receptacle to verify operation and proper polarity.

Test each GFCI receptacle for proper tripping operation according to manufacturer's
instructions.

G. Correct wiring deficiencies and replace damaged or defective wiring devices.
3.06 ADJUSTING
A. Adjust devicesand wall platesto be flush and level.
3.07 CLEANING
A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match
original factory finish.

END OF SECTION
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SECTION 26 28 13

FUSES

PART 1 GENERAL
1.01 SECTION INCLUDES

A.

Fuses.

1.02 RELATED REQUIREMENTS

A.

B.
C.

Section 26 05 53 - Identification for Electrical Systems: Identification products and
requirements.

Section 26 24 16 - Panelboards; Fusible switches.
Section 26 28 18 - Enclosed Switches: Fusible switches,

1.03 REFERENCE STANDARDS

A.

H.

NEMA FU 1 - Low Voltage Cartridge Fuses; National Electrica Manufacturers Association;
2002 (R2007).

NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

UL 248-1 - Low-Voltage Fuses - Part 1: General Requirements; Current Edition, Including All
Revisions.

UL 248-4 - Low-Voltage Fuses - Part 4: Class CC Fuses; Current Edition, Including All
Revisions.

UL 248-8 - Low-Voltage Fuses - Part 8: Class J Fuses; Current Edition, Including All
Revisions.

UL 248-10 - Low-Voltage Fuses - Part 10: Class L Fuses; Current Edition, Including All
Revisions.

UL 248-12 - Low-Voltage Fuses - Part 12: Class R Fuses; Current Edition, Including All
Revisions.

UL 248-15 - Low-Voltage Fuses - Part 15: Class T Fuses; Current Edition, Including All
Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A.

Coordination:

1. Coordinate fuse clips furnished in equipment provided under other sections for
compatibility with indicated fuses.
a.  Fusible Enclosed Switches. See Section 26 28 18.

2. Coordinate fuse regquirements according to manufacturer's recommendations and nameplate
datafor actual equipment to be installed.

3. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations
from the contract documents. Obtain direction before proceeding with work.

1.05 SUBMITTALS

A.
FUSES

See Section 01 33 00 - Administrative Requirements, for submittal procedures.
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B. Maintenance Materials.  Furnish the following for Delaware Technica Community College's
use in maintenance of project.
1. See Section 01 60 00 - Product Requirements, for additional provisions.
2. ExtraFuses: One set(s) of three for each type and size installed.
3. FusePullers. One set(s) compatible with each type and size installed.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Manufacturer Qualifications. Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

C. Products: Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose
specified and indicated.

PART 2 PRODUCTS
2.01 MANUFACTURERS
A. Cooper Bussmann, adivision of Cooper Industries: www.cooperindustries.com.

B. Mersen (formerly Ferraz Shawmut): ferrazshawmut.mersen.com.

C. Littelfuse, Inc; Model o www.littelfuse.com.
D. Substitutions. See Section 01 60 00 - Product Requirements.
2.02 FUSES

A. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the
purpose indicated.

B. Unless specifically indicated to be excluded, provide fuses for all fusible equipment as required
for acomplete operating system.

C. Provide fuses of the same type, rating, and manufacturer within the same switch.
Comply with UL 248-1.

E. Unlessotherwiseindicated, provide cartridge type fuses complying with NEMA FU 1, Class
and ratings as indicated.

F. Voltage Rating: Suitablefor circuit voltage.

Provide the following accessories where indicated or where required to complete installation:

1. Fuseholders: Compatible with indicated fuses.

2. FuseReducers. For adapting indicated fuses to permit installation in switch designed for
fuses with larger ampere ratings.

H. Power Load Feeder Switches: Class RK1 (time delay).
I.  Motor Load Feeder Switches: Class RK1 (time delay).
PART 3 EXECUTION
3.01 EXAMINATION

A. Veify that fuse ratings are consistent with circuit voltage and manufacturer's recommendations
and namepl ate data for equipment.

B. Verify that mounting surfaces are ready to receive spare fuse cabinet.
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C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Do notinstall fuses until circuits are ready to be energized.
B. Install fuseswith label oriented such that manufacturer, type, and size are easily read.

END OF SECTION
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SECTION 26 28 18

ENCLOSED SWITCHES

PART 1 GENERAL
1.01 SECTION INCLUDES

A.
B.
C.

Enclosed safety switches.
Fusible switches.

Nonfusible switches.

1.02 RELATED REQUIREMENTS

A.
B.
C.

D.

Section 26 05 26 - Grounding and Bonding for Electrical Systems.
Section 26 05 29 - Hangers and Supports for Electrical Systems.

Section 26 05 53 - Identification for Electrical Systems. Identification products and
requirements.

Section 26 28 13 - Fuses.

1.03 REFERENCE STANDARDS

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

B. NEMA 250 - Enclosuresfor Electrical Equipment (1000 Volts Maximum); 2008.

C. NEMA FU 1- Low Voltage Cartridge Fuses; National Electrical Manufacturers Association;
2002 (R2007).

D. NEMA KS1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts
Maximum); National Electrical Manufacturers Association; 2001 (R2006).

E. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution
Equipment and Systems; International Electrical Testing Association; 2009.

F. NFPA 70 - Nationa Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

G. UL 50 - Enclosuresfor Electrica Equipment, Non-Environmental Considerations; Current
Edition, Including All Revisions.

H. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,

Including All Revisions.
UL 98 - Enclosed and Dead-Front Switches; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A.

Coordination:

1. Coordinate the work with other trades. Avoid placement of ductwork, piping, equipment,
or other potentia obstructions within the dedicated equipment spaces and within working
clearancesfor electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.
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3. Verify with manufacturer that conductor terminations are suitable for use with the
conductors to be installed.

4. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations
from the contract documents. Obtain direction before proceeding with work.

1.05 SUBMITTALS
See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide manufacturer's standard catalog pages and data sheets for enclosed
switches and other installed components and accessories.

C. Shop Drawings: Indicate outline and support point dimensions, voltage and current ratings,
short circuit current ratings, conduit entry locations, conductor terminal information, and
installed features and accessories.

Project Record Documents.  Record actual locations of enclosed switches.

E. Maintenance Data: Include information on replacement parts and recommended maintenance
procedures and intervals.

F. Maintenance Materials.  Furnish the following for Delaware Technica Community College's
use in maintenance of project.
1. See Section 01 60 00 - Product Requirements, for additional provisions.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Manufacturer Qualifications: Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Storeinaclean, dry space. Maintain factory wrapping or provide an additiona heavy canvas
or heavy plastic cover to protect units from dirt, water, construction debris, and traffic.

B. Handle carefully in accordance with manufacturer's written instructions to avoid damage to
enclosed switch internal components, enclosure, and finish.

1.08 FIELD CONDITIONS

A. Maintain ambient temperature between -22 degrees F (-30 degrees C) and 104 degrees F (40
degrees C) during and after installation of enclosed switches.

PART 2 PRODUCTS
2.01 MANUFACTURERS
A. SiemensIndustry, Inc. www.sea.semens.com.
Eaton Corporation; Cutler-Hammer Products: www.eaton.com.

B

C. General Electric Company: www.geindustrial.com.

D. Schneider Electric; Square D Products. www.schneider-electric.us.
E

Substitutions:  See Section 01 60 00 - Product Reguirements.
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F. SourceLimitations. Furnish enclosed switches and associated components produced by the
same manufacturer as the other electrical distribution equipment used for this project and
obtained from a single supplier.

2.02 ENCLOSED SAFETY SWITCHES

A. Description: Quick-make, quick-break, enclosed safety switches complying with NEMA KS1,
type HD (heavy duty), and listed and labeled as complying with UL 98; ratings, configurations,
and features as indicated on the drawings.

B. Provide productslisted and labeled by Underwriters Laboratories Inc. as suitable for the purpose
specified and indicated.

C. Unlessotherwise indicated, provide products suitable for continuous operation under the
following service conditions:
1. Altitude: Lessthan 6,600 feet (2,000 m).
2. Ambient Temperature: Between -22 degrees F (-30 degrees C) and 104 degrees F (40
degrees C).

Horsepower Rating:  Suitable for connected load.
Voltage Rating:  Suitable for circuit voltage.

Short Circuit Current Rating:

1. Provide enclosed safety switches, when protected by the fuses or supply side overcurrent
protective devicesto be installed, with listed short circuit current rating not less than the
available fault current at the installed location.

2. Minimum Ratings:

a. Heavy Duty Single Throw Switches Protected by Class R Fuses. 200,000 rms
symmetrical amperes.

G. Provide with switch blade contact position that is visible when the cover is open.

H. FuseClipsfor Fusible Switches: Asrequired to accept fusesindicated.
1. Where NEMA Class R fuses are installed, provide rejection feature to prevent installation
of fuses other than Class R.

. Conductor Terminations. Suitable for use with the conductorsto be installed.

J.  Provideinsulated, groundable fully rated solid neutral assembly where a neutral connectionis
required, with a suitable lug for terminating each neutral conductor.

K. Provide solidly bonded equipment ground bus in each enclosed safety switch, with a suitable
lug for terminating each equipment grounding conductor.

L. Enclosures. Comply with NEMA KS 1 and NEMA 250, and list and label as complying with

UL 50 and UL 50E.

1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the
following installation locations:
a. Indoor Clean, Dry Locations; Type 1.
b. Outdoor Locations: Type 3R.

2. Finishfor Painted Steel Enclosures. Manufacturer's standard, factory applied grey unless
otherwise indicated.
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M. Provide safety interlock to prevent opening the cover with the switch in the ON position with
capability of overriding interlock for testing purposes.

N. Heavy Duty Switches:
1. Conductor Terminations:
a.  Provide mechanica lugs unless otherwise indicated.
b. LugMaterial: Aluminum, suitable for terminating aluminum or copper conductors.
2. Provide externaly operable handle with means for locking in the OFF position, capabl e of
accepting three padlocks.

O. Provide the following features and accessories where indicated or where required to complete
installation:
1. Hubs: Asrequired for environment type; sized to accept conduitsto be installed.

2.03 COMPONENTS

A. Fusible Switch Assemblies. NEMA KS 1, Type HD enclosed load interrupter knife switch.
1. Externally operable handle interlocked to prevent opening front cover with switch in ON
position.
2. Handlelockablein OFF position.
3. Fuseclips: Designed to accommodate NEMA FU1, Class R fuses. Providergjection
clipsto rgect all other than Class R fuses.
4. Fuse extenders where indicated on contract drawings.

B. Nonfusible Switch Assemblies:. NEMA KS 1, Type HD enclosed load interrupter knife switch.
1. Externally operable handle interlocked to prevent opening front cover with switchin ON
position.
2. Handlelockablein OFF position.
3. Electrical interlocks, break before switch opens and close after switch closes, where
indicated on contract drawings.

C. Enclosuress NEMA KS 1.
1. Interior Dry Locations. Type 1.
2. Exterior Locations: Type 3R.

PART 3 EXECUTION
3.01 EXAMINATION
A. Veify that field measurements are as shown on the drawings.
B. Verify that the ratings of the enclosed switches are consistent with the indicated requirements.
C. Verify that mounting surfaces are ready to receive enclosed safety switches.
D. Verify that conditions are satisfactory for installation prior to starting work.
3.02 INSTALLATION
A. Install enclosed switches in accordance with manufacturer's instructions.

B. Install enclosed switches securely, in a neat and workmanlike manner in accordance with NECA
1.

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's
instructions and NFPA 70.
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Provide required supports in accordance with Section 26 05 29.
Install enclosed switches plumb.

Except where indicated to be mounted adjacent to the equipment they supply, mount enclosed
switches such that the highest position of the operating handle does not exceed 79 inches (2000
mm) above the floor or working platform.

Provide grounding and bonding in accordance with Section 26 05 26.

Provide fuses complying with Section 26 28 13 for fusible switches as indicated or as required
by equipment manufacturer's recommendations.

Where accessories are not self-powered, provide control power source asindicated or as
required to complete installation.

Identify enclosed switches in accordance with Section 26 05 53.

Provide identification nameplate for each enclosed switch in accordance with Section 26 05 53.
Provide arc flash warning labels in accordance with NFPA 70.

Install fusesin fusible disconnect switches.

Apply adhesive tag on inside door of each fused switch indicating NEMA fuse class and size
installed.

3.03 FIELD QUALITY CONTROL

A.

B
C.
D

Perform field inspection in accordance with Section 01 40 00.
Inspect and test in accordance with NETA STD ATS, except Section 4.
Perform inspections and tests listed in NETA STD ATS, Section 7.5.1.1.

Correct deficiencies and replace damaged or defective enclosed safety switches or associated
components.

3.04 ADJUSTING

A.

Adjust tightness of mechanical and electrical connections to manufacturer's recommended
torque settings.

3.05 CLEANING

A.

B.

Clean dirt and debris from switch enclosures and components according to manufacturer's
instructions.

Repair scratched or marred exterior surfaces to match origina factory finish.

END OF SECTION
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SECTION 26 29 13

ENCLOSED CONTROLLERS
PART 1 GENERAL
1.01 SECTION INCLUDES
A. Manua motor controllers.
1.02 RELATED REQUIREMENTS
A. Section 26 05 29 - Hangers and Supports for Electrical Systems.

B. Section 26 05 53 - Identification for Electrical Systems: Identification products and
requirements.

1.03 REFERENCE STANDARDS

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

B. NEMA ICS6 - Industrial Control and Systems: Enclosures; National Electrical Manufacturers
Assaciation; 1993 (R2006).

C. NEMA KS1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts
Maximum); National Electrical Manufacturers Association; 2001 (R2006).

D. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution
Equipment and Systems; International Electrical Testing Association; 2009.

E. NFPA 70 - Nationa Electrical Code; Nationa Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

1.04 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. Product Data: Provide catalog sheets showing voltage, controller size, ratings and size of
switching and overcurrent protective devices, short circuit ratings, dimensions, and enclosure
details.

C. Maintenance Data: Replacement partslist for controllers.
1.05 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Manufacturer Qualifications. Company specializing in manufacturing the products specified in
this section with minimum three years documented experience and with service facilities within
100 miles (160 km) of Project.

C. Products: Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose
specified and indicated.

PART 2 PRODUCTS
2.01 MANUFACTURERS

A. Eaton Corporation; Cutler-Hammer Roduct: www.eaton.com.
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B. Genera Electric Company: www.geindustrial.com.

C. Schneider Electric; Square D Products: www.schneider-electric.us.
D. Substitutions: See Section 01 60 00 - Product Requirements.
2.02 MANUAL CONTROLLERS

A.
B.
C.

Fractional Horsepower Motor Starter:  Provide as specified on drawings.
Manual Motor Switch: Provide as specified on drawings.
Enclosures: NEMA ICS 6, Type 1.

PART 3 EXECUTION
3.01 INSTALLATION

A.
B
C.
D

E.

Install enclosed controllers where indicated, in accordance with manufacturer's instructions.
Install securely, in aneat and workmanlike manner, as specified in NECA 1.
Provide supports in accordance with Section 26 05 29.

Select and install overload heater e ementsin motor controllers to match installed motor
characteristics.

Identify enclosed controllers in accordance with Section 26 05 53.

3.02 FIELD QUALITY CONTROL

A.
B.

Perform field inspection and testing in accordance with Section 01 40 00.
Inspect and test in accordance with NETA STD ATS, except Section 4.

C. Performinspectionsand testslisted in NETA STD ATS, Section 7.16.1.

END OF SECTION
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SECTION 26 43 00

SURGE PROTECTIVE DEVICES

PART 1 GENERAL
1.01 SECTION INCLUDES

A.
B.

Surge protective devices for service entrance locations.

Surge protective devices for branch panelboard locations.

1.02 RELATED REQUIREMENTS

A.
B.

Section 26 05 26 - Grounding and Bonding.
Section 26 24 16 - Panelboards.

1.03 ABBREVIATIONSAND ACRONYMS

A.
B.

EMI/RFI: Electromagnetic Interference/Radio Frequency Interference.
SPD: Surge Protective Device.

1.04 REFERENCE STANDARDS

A.
B.
C.

F.

MIL-STD-220 - Method of Insertion Loss Measurement; Revision C, 2009.
NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.

NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution
Equipment and Systems; International Electrical Testing Association; 2009.

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

UL 1283 - Standard for Electromagnetic Interference Filters; Current Edition, Including All
Revisions.

UL 1449 - Standard for Surge Protective Devices, Current Edition, Including All Revisions.

1.05 SUBMITTALS

A.
B.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Product Data:  Include detailed component information, voltage, surge current ratings,
repetitive surge current capacity, voltage protection rating (VPR) for al protection modes,
maximum continuous operating voltage (MCOV), nomina discharge current (1-n), short circuit
current rating (SCCR), connection means including any required external overcurrent
protection, enclosure ratings, outline and support point dimensions, weight, service condition
requirements, and installed features.

Shop Drawings. Include wiring diagrams showing all factory and field connections with wire
and circuit breaker/fuse sizes.

Certificates: Manufacturer's documentation of listing for compliance with the following
standards:

1. UL 1449.

2. UL 1283.
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E. Manufacturer's Installation Instructions:  Include application conditions and limitations of use
stipulated by product testing agency. Include instructions for storage, handling, protection,
examination, preparation, and installation of product.

F. Operation and Maintenance Data:  Include information on status indicators and recommended
maintenance procedures and intervals.

G. Warranty: Submit sample of manufacturer's warranty and documentation of final executed
warranty completed in Delaware Technical Community College's name and registered with
manufacturer.

H. Project Record Documents. Record actual connections and locations of surge protective
devices.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Manufacturer Qualifications: Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

1.07 DELIVERY, STORAGE, AND PROTECTION
A. Storeinaclean, dry space in accordance with manufacturer's written instructions.
1.08 FIELD CONDITIONS

A. Maintain field conditions within manufacturer's required service conditions during and after
installation.

1.09 WARRANTY
A. See Section 01 77 00 - Closeout Procedures, for additional warranty requirements.

B. Manufacturer's Warranty: Provide minimum five year warranty covering repair or replacement
of surge protective devices showing evidence of failure due to defective materials or
workmanship.

C. Exclude surge protective devices from any clause limiting warranty responsibility for acts of
nature, including lightning, stated elsewhere.

PART 2 PRODUCTS
2.01 MANUFACTURERS
A. Basisof Design: Asindicated under product article(s) below.

B. Factory-installed, Internally Mounted Surge Protective Devices:
1. Sameas manufacturer of equipment containing surge protective device, to provide a
complete listed assembly including SPD.

C. SourceLimitations: Furnish surge protective devices produced by a single manufacturer and
obtained from a single supplier.
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2.02 ALL SURGE PROTECTIVE DEVICES

A.

Description:  Factory-assembled surge protective devices (SPDs) for 60 Hz service, listed and
classified by Underwriters Laboratories Inc. as suitable for the purpose specified and indicated;
system voltage as indicated on the drawings.

Protected Modes;
1. Wye Sstems. L-N, L-G, N-G, L-L.

UL 1449 Voltage Protection Ratings (VPRs):
1. 208Y/120V System Voltage: Not morethan 1,000 V for L-N, L-G, and N-G modes and
1,200V for L-L mode.

UL 1449 Maximum Continuous Operating Voltage (MCOV): Not |less than 115% of nominal
system voltage.

Equipment Containing Factory-installed, Internally Mounted SPDs. Listed and labeled asa
complete assembly including SPD.
1. Panelboards: See Section 26 24 16.

2.03 SURGE PROTECTIVE DEVICESFOR SERVICE ENTRANCE LOCATIONS

A.
B.

© Mmoo

Unless otherwise indicated, provide factory-installed, internally mounted SPDs.

List and label as complying with UL 1283 and UL 1449, Type 1 when connected on line side of
service disconnect overcurrent device and Type 1 or 2 when connected on load side of service
disconnect overcurrent device.

Provide SPDs utilizing field-replaceable modular protection circuits.
Surge Current Rating:  Not less than that indicated on drawings.
Repetitive Surge Current Capacity: Not less than 5,000 impul ses.
UL 1449 Nominal Discharge Current (I-n): 20 KA.

UL 1449 Short Circuit Current Rating (SCCR): Not less than the short circuit current rating of
the equipment the SPD is connected to, including any series ratings.

EMI/RFI Filtering: Provide UL 1283 EMI/RFI filter to attenuate electrica noise.
1. Noise Attenuation: Not lessthan 40 dB at 100 kHz using MIL-STD-220 insertion loss test

method.

Diagnostics:

1. Protection Status Monitoring: Provide indicator lightsto report the protection for each
phase.

2. Alarm Notification: Provide indicator light and audible alarm to report alarm condition.
Provide button to manually silence audible alarm.

3.  Remote Status Monitoring: Provide two Form C dry type contacts (normally open and
normally closed) for remote annunciation of status.

4. Surge Counter: Provide surge event counter with manual reset button, surge count
retention upon power loss, and six digit LCD display that indicates quantity of surge
events.

Basisof Design: Schneider Electric; Square D Products: www.schneider-electric.us.
1. Factory-installed, Internally Mounted Surge Protective Devices:
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a IMA Series. Replaceable modules; 200 kA SCCR; individually fused MOV,
thermal fusing; dry contacts; surge counter; duty cycle tested for 20,000 impulses; 10
year warranty.

2.04 SURGE PROTECTIVE DEVICESFOR BRANCH PANELBOARD LOCATIONS

@G Mmoo w2

Unless otherwise indicated, provide factory-installed, internally mounted SPDs.

List and label as complying with UL 1283 and UL 1449, Type 1 or Type 2.

Provide SPDs utilizing only field-replaceable modular protection circuits.

Surge Current Rating:  Not less than that indicated on drawings.

Repetitive Surge Current Capacity: Not less than 2,000 impul ses.

UL 1449 Nominal Discharge Current (I-n): 20 KA.

UL 1449 Short Circuit Current Rating (SCCR): Not less than the short circuit current rating of

the equipment the SPD is connected to, including any series ratings.
H. EMI/RFI Filtering: Provide UL 1283 EMI/RFI filter to attenuate electrical noise.

1. Noise Attenuation: Not lessthan 40 dB at 100 kHz using MIL-STD-220 insertion loss test

method.
I. Diagnostics:

1. Protection Status Monitoring: Provide indicator lights to report the protection status.

2. Alarm Notification: Provide indicator light and audible alarm to report alarm condition.
Provide button to manually silence audible alarm.

3. Remote Status Monitoring: Provide two Form C dry type contacts (normally open and
normally closed) for remote annunciation of status.

4. Surge Counter: Provide surge event counter with manual reset button, surge count

retention upon power loss, and six digit LCD display that indicates quantity of surge
events.

J. Basisof Design: Schneider Electric; Square D Products: www.schneider-electric.us.

1.

Factory-installed, Internally Mounted Surge Protective Devices:

a. IMA Series. Replaceable modules; 200 kA SCCR; individually fused MOV,
thermal fusing; dry contacts; surge counter; duty cycle tested for 20,000 impulses; 10
year warranty.

PART 3 EXECUTION
3.01 EXAMINATION

A. Veify that field measurements are as shown on the drawings.

B. Verify that the service voltage and configuration marked on the SPD are consistent with the
service voltage and configuration at the location to be installed.

C. Verify system grounding and bonding is in accordance with Section 26 05 26, including
bonding of neutral and ground for service entrance and separately derived systems where
applicable. Do not energize SPD until deficiencies have been corrected.

D. Veify that conditions are satisfactory for ingtallation prior to starting work.
3.02 INSTALLATION

A. Perform work in a neat and workmanlike manner in accordance with NECA 1.
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B. Arrange equipment to provide minimum clearances in accordance with manufacturer's
instructions and NFPA 70.

C. Do not energize SPD until bonding of neutral and ground for service entrance and separately
derived systems is complete in accordance with Section 26 05 26 where applicable. Replace
SPDs damaged by improper or missing neutral-ground bond.

D. Disconnect SPD prior to performing any high potential testing. Replace SPDs damaged by
performing high potential testing with SPD connected.

3.03 FIELD QUALITY CONTROL
A. Perform inspection, testing, and adjusting in accordance with Section 01 40 00.
B. Inspect and test in accordance with NETA STD ATS, except Section 4.
C. Performinspectionsand testslisted in NETA STD ATS Section 7.19.1.
D

Procure services of a qualified manufacturer's representative to observe installation and assist in
inspection, testing, and adjusting. Include manufacturer's reports with field quality control
submittals.

3.04 CLEANING

A. Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION
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SECTION 2651 00

INTERIOR LIGHTING
PART 1 GENERAL
1.01 SECTION INCLUDES
Interior luminaires.
Emergency lighting units.
Exit signs.
Ballasts.

o0 ® >

E. Lamps.
1.02 RELATED REQUIREMENTS
A. Section 26 05 37 - Boxes.

B. Section 26 05 53 - Identification for Electrical Systems: Identification products and
requirements.

C. Section 26 09 23 - Lighting Control Devices. Automatic controls for lighting including
occupancy sensors, outdoor motion sensors, time switches, outdoor photo controls, and
daylighting controls.

D. Section 26 27 26 - Wiring Devices: Manual wall switches and wall dimmers.
E. Section 26 56 00 - Exterior Lighting.
1.03 REFERENCE STANDARDS

A. ANSI C82.11 - American National Standard for Lamp Ballasts - High Frequency Fluorescent
Lamp Ballasts - Supplements; Consolidated-2002.

B. |EEE C62.41.2 - Recommended Practice on Characterization of Surgesin Low-V oltage (1000
V and less) AC Power Circuits; 2002 (R2008).

C. IESNA LM-63 - ANSI Approved Standard File Format for Electronic Transfer of Photometric
Data and Related Information; 2002.

D. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

E. NECA/IESNA 500 - Standard for Installing Indoor Commercial Lighting Systems; National
Electrical Contractors Association; 2006.

F. NECA/IESNA 502 - Standard for Installing Industria Lighting Systems; National Electrical
Contractors Association; 2006.

G. NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic
Fluorescent Ballasts; National Electrical Manufacturers Association; 2011.

H. NEMA LE 4 - Recessed Luminaires, Ceiling Compatibility; National Electrical Manufacturers
Association; 2006.
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I.  NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

J. NFPA 101 - Code for Safety to Life from Fire in Buildings and Structures; National Fire
Protection Association; 2012.

K. UL 935 - Fluorescent-Lamp Ballasts; Current Edition, Including All Revisions.
L. UL 1598 - Luminaires; Current Edition, Including All Revisions.

M. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products; Current
Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:

1. Coordinate the installation of luminaires with mounting surfaces installed under other
sections or by others. Coordinate the work with placement of supports, anchors, etc.
required for mounting. Coordinate compatibility of luminaires and associated trims with
mounting surfaces at installed locations.

2. Coordinate the placement of luminaires with structural members, ductwork, piping,
equipment, diffusers, fire suppression system components, and other potential conflicts
installed under other sections or by others.

3. Notify Delaware Engineering and Design Corporation of any conflicts or deviations from
the contract documents to obtain direction prior to proceeding with work.

1.05 SUBMITTALS
A. See Section 01 33 00 - Administrative Requirements, for submittal procedures.

B. Shop Drawings. Indicate dimensions and components for each fixture that is not a standard
product of the manufacturer.

C. Product Data: Provide manufacturer's standard catalog pages and data sheets including detailed
information on luminaire construction, dimensions, ratings, finishes, mounting requirements,
listings, service conditions, photometric performance, installed accessories, and ceiling
compatibility; include model number nomenclature clearly marked with all proposed features.

1. Provide eectronic files of photometric data certified by a Nationa Voluntary Laboratory
Accreditation Program (NVLAP) lab or independent testing agency in IESNA LM-63
standard format upon request.

2. Lamps. Includerated life, color temperature, color rendering index (CRI), and initial and
mean lumen outpui.

D. Certificatesfor Dimming Ballasts: Manufacturer's documentation of compatibility with
dimming controlsto be installed.

E. Maintenance Materials: Furnish the following for Delaware Technical Community College's
use in maintenance of project.
1. See Section 01 60 00 - Product Requirements, for additional provisions.
2. ExtralLensesand Louvers. Two percent of total quantity installed for each type, but not
less than one of each type.
3. ExtraLamps. Ten percent of total quantity installed for each type, but not less than two of
each type.
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4. ExtraBallasts: Two percent of total quantity installed for each type, but not less than one
of each type.

F. Project Record Documents. Record actual connections and locations of luminaires and any
associated remote components.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Conform to requirements of NFPA 70 and NFPA 101.

D. Manufacturer Qualifications. Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

1.07 DELIVERY, STORAGE, AND PROTECTION

A. Receive, handle, and store products according to NECA/IESNA 500 (commercial lighting),
NECA/IESNA 502 (industrial lighting), and manufacturer's written instructions.

B. Keep productsin original manufacturer's packaging and protect from damage until ready for
installation.

1.08 FIELD CONDITIONS

A. Maintain field conditions within manufacturer's required service conditions during and after
installation.

1.09 WARRANTY

See Section 01 78 00 - Closeout Submittals, for additional warranty requirements.
Provide two year manufacturer warranty for al linear fluorescent ballasts.
Provide five year pro-ratawarranty for batteries for emergency lighting units.

Provide ten year pro-rata warranty for batteries for self-powered exit signs.

moom »

Products: Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose
specified and indicated.

PART 2 PRODUCTS
2.01 LUMINAIRES

A. Provide products asindicated in Lighting Fixture Schedule included on the Drawings.
2.02 BALLASTS

A. Manufacturers:
1. Genera Electric Company/GE Lighting; : www.gelighting.com.
2. Osram Sylvania; : www.sylvania.com.
3. PhilipsLighting ElectronicAdvance; : www.advance.philips.com.
4. Substitutions: See Section 01 60 00 - Product Reguirements.
5. Manufacturer Limitations: Where possible, for each type of luminaire provide ballasts
produced by a single manufacturer.

B. All Ballasts:
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1. Provide ballasts with characteristics asindicated on Lighting Fixture Schedule included on
the Drawings.

2. Provide ballasts containing no polychlorinated biphenyls (PCBS).

3. Minimum Efficiency/Efficacy: Provide ballasts complying with all current applicable
federal and state ballast efficiency/efficacy standards.

2.03 LAMPS
A. Manufacturers:

B.

1. Genera Electric Company/GE Lighting; : www.gelighting.com.

2. Osram Sylvania; : www.sylvania.com.

3. PhilipsLighting Company; : www.lighting.philips.com.

4. Substitutions: See Section 01 60 00 - Product Requirements.

5. Manufacturer Limitations: Where possible, provide lamps produced by asingle

manufacturer.

All Lamps:

1. Provide lamps with characteristics as indicated on Lighting Fixture Schedule included on
the Drawings.

2. Unlessexplicitly excluded, provide new, compatible, operable lampsin each luminaire.

3. Verify compatibility of specified lamps with luminairesto be installed. Where lamps are
not specified, provide lamps per luminaire manufacturer's recommendations.

4, Minimum Efficiency: Provide lamps complying with all current applicable federal and
state lamp efficiency standards.

5. Color Temperature Consistency: Unless otherwise indicated, for each type of lamp
furnish products which are consistent in perceived color temperature. Replace lamps that
are determined by the Delaware Engineering and Design Corporation to be inconsistent in
perceived color temperature.

PART 3 EXECUTION
3.01 EXAMINATION

A.
B.

C.
D.

E.

Verify that field measurements are as shown on the drawings.

Verify that outlet boxes are ingtalled in proper locations and at proper mounting heights and are
properly sized to accommodate conductors in accordance with NFPA 70.

Verify that suitable support frames are installed where required.

Verify that branch circuit wiring installation is completed, tested, and ready for connection to
luminaires.

Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION

A.
B.

Provide extension rings to bring outlet boxes flush with finished surface.

Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

3.03 INSTALLATION

A.

B.
C.

Coordinate locations of outlet boxes provided under Section 26 05 37 as required for installation
of luminaires provided under this section.

Install products according to manufacturer's instructions.

Install luminaires securely, in a neat and workmanlike manner, as specified in NECA 1 (genera
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workmanship), NECA 500 (commercial lighting), and NECA 502 (industrial lighting).

D. Install luminaires plumb and square and aligned with building lines and with adjacent
[uminaires.

E. Suspended Ceiling Mounted Luminaires:

1
2.

3.

Do not use ceiling tilesto bear weight of luminaires.

Do not use ceiling support system to bear weight of luminaires unless ceiling support
system is certified as suitable to do so.

Secure surface-mounted and recessed luminaires to ceiling support channels or framing
members, or to building structure.

Secure pendant-mounted luminaires to building structure.

Secure lay-in luminaires to ceiling support channels using listed safety clips at four
corners.

In addition to ceiling support wires, provide two galvanized sted safety wire(s), minimum
12 gage, connected from opposing corners of each recessed luminaire to building structure.
See appropriate Division 9 section where suspended grid ceiling is specified for additional
requirements.

F. Recessed Luminaires:

1
2.

3.

Install trims tight to mounting surface with no visible light leakage.

Non-IC Rated Luminaires: Maintain required separation from insulation and combustible
materials according to listing.

Luminaires Recessed in Fire-Rated Ceilings: Install using accessories and firestopping
materials to meet regulatory requirements for fire rating.

G. Suspended Luminaires:

1
2.

3.

4,

Unless otherwise indicated, specified mounting heights are to bottom of luminaire.

Install using the suspension method indicated, with support lengths and accessories as
required for specified mounting height.

Provide minimum of two supports for each luminaire equal to or exceeding 4 feet in length,
with no more than 4 feet (1.2 m) between supports.

Install canopies tight to mounting surface.

H. Wall-Mounted Luminaires. Unless otherwise indicated, specified mounting heights are to
center of luminaire.

I. Install fixtures securedly, in aneat and workmanlike manner, as specified in NECA 500
(commercia lighting).

J. Install suspended luminaires using pendants supported from swivel hangers. Provide pendant
length required to suspend luminaire at indicated height.

K. Install surface mounted luminaires plumb and adjust to align with building lines and with each
other. Secure to prevent movement.

L. Install accessories furnished with each luminaire.

M. Make wiring connections to branch circuit using building wire with insulation suitable for
temperature conditions within fixture; use flexible conduit.

N. Connect luminaires to branch circuit outlets provided under Section 26 05 37 using flexible
conduit.

O. Makewiring connectionsto branch circuit using building wire with insulation suitable for
temperature conditions within luminaire.
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P. Bond products and metal accessories to branch circuit equipment grounding conductor.
Q. Install specified lampsin each luminaire.

R. Emergency Lighting Units:
1.  Unless otherwise indicated, connect unit to unswitched power from same circuit feeding
normal lighting in same room or area. Bypasslocal switches, contactors, or other lighting
controls.

S. Exit Signs:
1. Unless otherwise indicated, connect unit to unswitched power from same circuit feeding
normal lighting in same room or area. Bypass local switches, contactors, or other lighting
controls.

T. LampBurn-In: Operate lamps at full output for prescribed period per manufacturer's
recommendations prior to use with any dimming controls. Replace lamps that fail prematurely
due to improper lamp burn-in.

3.04 FIELD QUALITY CONTROL

A. See Section 01 40 00 - Quality Requirements, for additional requirements.
Inspect each product for damage and defects.
Perform field inspection in accordance with Section 01 40 00.

Operate each luminaire after installation and connection to verify proper operation.

moow

Test self-powered exit signs and emergency lighting units to verify proper operation upon loss
of normal power supply.

m

Correct wiring deficiencies and repair or replace damaged or defective products. Repair or
replace excessively noisy ballasts as determined by Delaware Engineering and Design
Corporation.

3.05 ADJUSTING

A. Aim and position adjustable emergency lighting unit lamps to achieve optimum illumination of
egress path as required or as directed by Delaware Engineering and Design Corporation or
authority having jurisdiction.

B. Exit Signswith Field-Selectable Directional Arrows. Set asindicated or as required to
properly designate egress path as directed by Delaware Engineering and Design Corporation or
authority having jurisdiction.

C. Aimand adjust fixtures as directed.
3.06 CLEANING

A. Clean surfaces according to NECA 500 (commercial lighting), NECA 502 (industrial lighting),
and manufacturer's instructions to remove dirt, fingerprints, paint, or other foreign material and
restore finishes to match original factory finish.

B. Clean dectrical partsto remove conductive and del eterious materials.
C. Removedirt and debris from enclosures.
D. Clean finishesand touch up damage.

3.07 CLOSEOUT ACTIVITIES
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A. See Section 01 78 00 - Closeout Submittals, for closeout submittals.

B. See Section 01 79 00 - Demonstration and Training, for additional requirements.

C. Just prior to Substantial Completion, replace al lamps that have failed.

3.08 PROTECTION
A. Protect installed luminaires from subsequent construction operations.

3.09 SCHEDULE - See Drawings

END OF SECTION
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SECTION 26 56 00

EXTERIOR LIGHTING
PART 1 GENERAL
1.01 SECTION INCLUDES
Exterior luminaires.
Ballasts.

Lamps.

o0 >

Poles and accessories.
E. Luminaire accessories.
1.02 RELATED REQUIREMENTS

A. Section 03 30 00 - Cast-in-Place Concrete:  Materials and installation requirements for concrete
bases for poles.

Section 26 05 26 - Grounding and Bonding for Electrical Systems.
Section 26 05 37 - Boxes.
Section 26 27 26 - Wiring Devices. Receptaclesfor installation in poles.
E. Section 26 28 13 - Fuses.
1.03 UNIT PRICES
A. See Section 01 22 00 - Unit Prices, for additional unit price requirements.

OO0 w

B. Exterior Lighting Unit:
1. Basisof Measurement: Each.

2. Basisof Payment: Includes concrete foundation, pole, and luminaire(s) with lamps and
accessories.

1.04 REFERENCE STANDARDS

A. AASHTOLTS- Standard Specifications for Structural Supports for Highway Signs,
Luminaires and Traffic Signals; American Association of State Highway and Transportation
Officia's; 5th Edition, with 2011 Interim Revisions.

B. ANSI C82.4 - American National Standard for Ballasts for High-Intensity-Discharge and Low
Pressure Sodium Lamps (Multiple-Supply Type); 2002.

C. |EEE C2- Nationa Electrical Safety Code; 2007.

D. IEEE C62.41.2 - Recommended Practice on Characterization of Surgesin Low-V oltage (1000
V and less) AC Power Circuits, 2002 (R2008).

E. IESNA LM-5 - Photometric Measurements of Area and Sports Lighting Installations; 2004.

F. 1ESNA LM-63 - ANSI Approved Standard File Format for Electronic Transfer of Photometric
Data and Related Information; 2002.

G. IESNA LM-64 - Photometric Measurements of Parking Areas; 2001.
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K.

NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical
Contractors Association; 2010.

NECA/IESNA 501 - Recommended Practice for Installing Exterior Lighting Systems; 2006.

NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

UL 1029 - High-Intensity-Discharge Lamp Ballasts; Current Edition, Including All Revisions.

1.05 ADMINISTRATIVE REQUIREMENTS

A.

Coordination:

1. Coordinate placement of poles and associated foundations with utilities, curbs, sidewalks,
trees, walls, fences, striping, etc. installed under other sections or by others. Coordinate
€elevation to obtain specified foundation height.

2. Notify Delaware Engineering and Design Corporation of any conflicts or deviations from
the contract documents to obtain direction prior to proceeding with work.

1.06 SUBMITTALS

A.
B.

F.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Shop Drawings:
1. Indicate dimensions and components for each luminaire that is not a standard product of
the manufacturer.

Product Data:  Provide manufacturer's standard catal og pages and data sheets including detailed
information on luminaire construction, dimensions, ratings, finishes, mounting requirements,
listings, service conditions, photometric performance, weight, effective projected area (EPA),
and installed accessories; include model number nomenclature clearly marked with all proposed
features.

1. Provide eectronic files of photometric data certified by a Nationa Voluntary Laboratory
Accreditation Program (NVLAP) lab or independent testing agency in IESNA LM-63
standard format upon request.

Lamps: Include rated lifeand initial and mean lumen output.

Poles. Include information on maximum supported effective projected area (EPA) and
weight for the design wind speed.

wnN

Certificates for Poles and Accessories.  Manufacturer's documentation that products are
suitable for the luminaires to be installed and comply with designated structural design criteria.

Maintenance Materials. Furnish the following for Delaware Technical Community College's
use in maintenance of project.

1. See Section 01 60 00 - Product Requirements, for additional provisions.
2. ExtraLamps: Ten percent of total quantity installed for each type, but not less than two of

each type.

3. ExtraBalasts: Two percent of total quantity installed for each type, but not less than one
of each type.

4, ExtraFuses. Five percent of total quantity installed for each type, but not less than two of
each type.

5. Touch-Up Paint: 2 gallons (8 liters), to match color of pole finish.

Project Record Documents.  Record actual connections and locations of pole foundations,

EXTERIOR LIGHTING 265600- 2



DTCC Powerplant Education Facility
Sussex County Airport & Industrial Park
Delaware Technical Community College
Owens Campus, Georgetown, Delaware

luminaires, and any pull or junction boxes.
1.07 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Manufacturer Qualifications: Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

1.08 DELIVERY, STORAGE, AND HANDLING

A. Receive, handle, and store products according to NECA/IESNA 501 and manufacturer's written
instructions.

B. Keep productsin origina manufacturer's packaging and protect from damage until ready for
installation.

PART 2 PRODUCTS
2.01 LUMINAIRES

A. Provide products asindicated in Lighting Fixture Schedule included on the Drawings.
2.02 BALLASTS

A. Manufacturers:

General Electric Company/GE Lighting; :  www.gelighting.com.

Osram Sylvania; :  www.sylvania.com.

Philips Lighting Electronics/Advance; :  www.advance.philips.com.

Substitutions. See Section 01 60 00 - Product Requirements.

Manufacturer Limitations. Where possible, for each type of luminaire provide ballasts
produced by a single manufacturer.

B. All Bdlasts:
1. Provide ballasts with characteristics asindicated on Lighting Fixture Schedule included on
the Drawings.
2. Provide balasts containing no polychlorinated biphenyls (PCBS).
3. Minimum Efficiency/Efficacy: Provide ballasts complying with all current applicable
federal and state ballast efficiency/efficacy standards.

2.03 LAMPS

A. Manufacturers:;

gpODE

1. Genera Electric Company/GE Lighting; : www.gelighting.com.

2. Osram Sylvania; : www.sylvania.com.

3. Philips Lighting Company; :  www.lighting.philips.com.

4. Substitutions: See Section 01 60 00 - Product Reguirements.

5. Manufacturer Limitations. Where possible, provide lamps produced by asingle
manufacturer.

B. All Lamps:

1. Provide lamps with characteristics asindicated in Lighting Fixture Schedule included on

the Drawings.

2. Unlessexplicitly excluded, provide new, compatible, operable lamps in each luminaire.
3. Verify compatibility of specified lamps with luminairesto be installed. Where lamps are
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not specified, provide lamps per luminaire manufacturer's recommendations.

4. Minimum Efficiency: Provide lamps complying with all current applicable federal and
state lamp efficiency standards.

5. Color Temperature Consistency: Unless otherwise indicated, for each type of lamp
furnish products which are consistent in perceived color temperature. Replace lamps that
are determined by the Delaware Engineering and Design Corporation to be inconsistent in
perceived color temperature.

2.04 POLES

A.

C.

Provide poles with characteristics as indicated on Lighting Fixture Schedule included on the
Drawings.

All Poles:
1. Provide poles and associated support components suitable for the luminaire(s) and
associated supports and accessories to be installed.
2. Structural Design Criteria:
a  Comply with AASHTOLTS.
b. WindLoad: Include effective projected area (EPA) of luminaire(s) and associated
supports and accessories to be installed.
3. Unlessotherwise indicated, provide with the following features/accessories:
a.  Provision for pole-mounted weatherproof GFI receptacle where indicated.

Metal Poles. Provide ground lug, accessible from handhole.

PART 3 EXECUTION
3.01 EXAMINATION

A.
B.

C.
D.

E.

Verify that field measurements are as shown on the drawings.

Verify that outlet boxes are installed in proper locations and at proper mounting heights and are
properly sized to accommodate conductors in accordance with NFPA 70.

Verify that suitable support frames are installed where required.

Verify that branch circuit wiring installation is completed, tested, and ready for connection to
[uminaires.

Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION

A.
B.

Provide extension rings to bring outlet boxes flush with finished surface.

Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

3.03 INSTALLATION

A.

Coordinate locations of outlet boxes provided under Section 26 05 37 as required for installation
of luminaires provided under this section.

Install products according to manufacturer's instructions.

Install luminaires securely, in a neat and workmanlike manner, as specified in NECA 1 (genera
workmanship) and NECA/IESNA 501 (exterior lighting).
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D. Instal luminaires plumb and square and aligned with building lines and with adjacent
luminaires.

E. Wal-Mounted Luminaires. Unless otherwise indicated, specified mounting heights are to
center of luminaire.

F. Pole-Mounted Luminaires:
1. Maintain the following minimum clearances:
a.  Comply with IEEE C2.
b. Comply with utility company requirements.
2. Foundation-Mounted Poles:
a.  Provide cast-in-place concrete foundations for poles as indicated, in accordance with
Section 03 30 00.
1) Install anchor bolts plumb per template furnished by pole manufacturer.
2) Position conduits to enter pole shaft.
Install foundations plumb.
Install poles plumb, using leveling nuts or shims as required to adjust to plumb.
Tighten anchor bolt nuts to manufacturer's recommended torgue.
Install non-shrink grout between pole anchor base and concrete foundation, leaving
small channel for condensation drainage.
f. Install anchor base covers or anchor bolt covers asindicated.
3. Grounding:
a. Bond luminaires, metal accessories, metal poles, and foundation reinforcement to
branch circuit equipment grounding conductor.
b. Provide supplementary ground rod electrode as specified in Section 26 05 26 at each
pole bonded to grounding system as indicated.
4. Install separate service conductors, 12 AWG copper, from each luminaire down to
handhole for connection to branch circuit conductors.
5. Install non-breakaway in-line fuse holders and fuses complying with Section 26 28 13in
pole handhole for each ungrounded conductor.
6. Install weather resistant GFI duplex receptacle with weatherproof cover as specified in
Section 26 27 26 in designated poles.

G. Install accessories furnished with each luminaire.

Pooo

H. Bond products and metal accessories to branch circuit equipment grounding conductor.
[. Install lampsin each luminaire.
3.04 FIELD QUALITY CONTROL
A. See Section 01 40 00 - Quality Requirements, for additional requirements.
B. Inspect each product for damage and defects.
C. Operate each luminaire after installation and connection to verify proper operation.
D

Correct wiring deficiencies and repair or replace damaged or defective products. Repair or
replace excessively noisy ballasts as determined by Delaware Engineering and Design
Corporation.

3.05 ADJUSTING

A. Aim and position adjustable luminaires to achieve desired illumination as indicated or as
directed by Delaware Engineering and Design Corporation. Secure locking fittings in place.
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B. Luminaireswith Field-Rotatable Optics: Position optics according to manufacturer's
instructions to achieve lighting distribution as indicated or as directed by Delaware Engineering
and Design Corporation.

3.06 CLEANING

A. Clean surfaces according to NECA/IESNA 501 and manufacturer's instructions to remove dirt,
fingerprints, paint, or other foreign material and restore finishes to match original factory finish.

3.07bvCLOSEQUT ACTIVITIES
A. See Section 01 78 00 - Closeout Submittals, for closeout submittals.
B. See Section 01 79 00 - Demonstration and Training, for additional requirements.

C. Demonstration: Demonstrate proper operation of luminaires to Delaware Engineering and
Design Corporation, and correct deficiencies or make adjustments as directed.

D. Just prior to Substantial Completion, replace all lamps that have failed.
3.08 PROTECTION

A. Protect installed luminaires from subsequent construction operations.

END OF SECTION
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SECTION 283100

FIRE DETECTION AND ALARM

PART 1 GENERAL
1.01 SECTION INCLUDES

A
B.
C.

Fire alarm system design and installation, including all components, wiring, and conduit.
Transmitters for communication with supervising station.

Maintenance of fire alarm system under contract for specified warranty period.

1.02 RELATED REQUIREMENTS

A.

C.

Section 08 71 00 - Door Hardware: Electrically operated locks and door holder devices to be
monitored and released by fire alarm system.

Section 21 13 00 - Fire-Suppression Sprinkler Systems: Supervisory, alarm, and actuating
devices installed in sprinkler system.

Section 23 33 00 - Air Duct Accessories: Smoke dampers monitored and controlled by fire
alarm system.

1.03 REFERENCE STANDARDS

A.

D.
E.

36 CFR 1191 - Americans with Disabilities Act Accessibility Guidelines for Buildings and
Facilities; Final Rule; current edition; (ADA Standards for Accessible Design).

IEEE C62.41.2 - Recommended Practice on Characterization of Surges in Low-Voltage (1000
V and Less) AC Power Circuits; 2002 (R2008).

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

NFPA 72 - National Fire Alarm Code and Signaling Code; 2010.
NFPA 101 - Code for Safety to Life from Fire in Buildings and Structures; 2012.

1.04 SUBMITTALS

A
B.

See Section 01 33 00 - Administrative Requirements, for submittal procedures.

Proposal Documents: Submit the following with cost/time proposal:

1. NFPA 72 "Record of Completion”, filled out to the extent known at the time.

2. Manufacturer's detailed data sheet for each control unit, initiating device, and notification
appliance.

3. Certification by Contractor that the system design will comply with the contract
documents.

4. Proposed maintenance contract.

Drawings must be prepared as reproducible drawings.
1. Delaware Technical Community College will provide floor plan drawings for Contractor's

use; verify all dimensions on Delaware Technical Community College-provided drawings.

Evidence of designer qualifications.
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E.

I o m

Design Documents: Submit all information required for plan review and permitting to the

Office of the State Fire Marshal, including but not limited to floor plans, riser diagrams, and

description of operation:

1. Copy (if any) of list of data required by authority having jurisdiction.

2. NFPA 72 "Record of Completion”, filled out to the extent known at the time.

3. Clear and concise description of operation, with input/output matrix similar to that shown
in NFPA 72 Appendix A-7-5-2.2(9), and complete listing of software required.

4.  System zone boundaries and interfaces to fire safety systems.

5. Location of all components, circuits, and raceways; mark components with identifiers used
in control unit programming.

6. Circuit layouts; number, size, and type of raceways and conductors; conduit fill

calculations; spare capacity calculations; notification appliance circuit voltage drop

calculations.

List of all devices on each signaling line circuit, with spare capacity indicated.

8. Manufacturer's detailed data sheet for each component, including wiring diagrams,
installation instructions, and circuit length limitations.

9. Description of power supplies; if secondary power is by battery include calculations
demonstrating adequate battery power.

10. Certification by either the manufacturer of the control unit or by the manufacturer of each
other component that the components are compatible with the control unit.

11. Certification by the manufacturer of the control unit that the system design complies with
the contract documents.

12. Certification by Contractor that the system design complies with the contract documents.

~

Evidence of installer qualifications.
Evidence of instructor qualifications; training lesson plan outline.
Evidence of maintenance contractor qualifications, if different from installer.

Inspection and Test Reports:

1. Submit inspection and test plan prior to closeout demonstration.
2. Submit documentation of satisfactory inspections and tests.

3. Submit NFPA 72 "Inspection and Test Form," filled out.

Operating and Maintenance Data: Revise and resubmit until acceptable; have one set available

during closeout demonstration:

1. Complete set of specified design documents, as approved by authority having jurisdiction.

2. Additional printed set of project record documents and closeout documents, bound or filed
in same manuals.

3. Contact information for firm that will be providing contract maintenance and trouble
call-back service.

4. List of recommended spare parts, tools, and instruments for testing.

5. Replacement parts list with current prices, and source of supply.

6. Detailed troubleshooting guide and large scale input/output matrix.

7. Preventive maintenance, inspection, and testing schedule complying with NFPA 72;
provide printed copy and computer format acceptable to Delaware Technical Community
College.

8. Detailed but easy to read explanation of procedures to be taken by non-technical
administrative personnel in the event of system trouble, when routine testing is being
conducted, for fire drills, and when entering into contracts for remodeling.
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K. Project Record Documents: Have one set available during closeout demonstration:
1. Complete set of floor plans showing actual installed locations of components, conduit, and
zones.
2. "As installed" wiring and schematic diagrams, with final terminal identifications.
3. "As programmed" operating sequences, including control events by device, updated
input/output chart, and voice messages by event.

L. Closeout Documents:
1. Certification by manufacturer that the system has been installed in compliance with his
installation requirements, is complete, and is in satisfactory operating condition.
2. NFPA 72 "Record of Completion", filled out completely and signed by installer and
authorized representative of authority having jurisdiction.
3. Certificate of Occupancy.
4. Maintenance contract.

M. Maintenance Materials, Tools, and Software: Furnish the following for Delaware Technical

Community College's use in maintenance of project.

1. Furnish spare parts of same manufacturer and model as those installed; deliver in original
packaging, labeled in same manner as in operating and maintenance data and place in spare
parts cabinet.

2. Inaddition to the items in quantities indicated in PART 2, furnish the following:

a. All tools, software, and documentation necessary to modify the fire alarm system
using Delaware Technical Community College's personnel; minimum modification
capability to include addition and deletion of devices, circuits, and zones, and changes
to system description, operation, and evacuation and instructional messages.

b. One copy, on CD-ROM, of all software not resident in read-only-memory.

1.05 QUALITY ASSURANCE

A. Copies of Design Criteria Documents: Maintain at the project site for the duration of the
project, bound together, an original copy of NFPA 72, the relevant portions of applicable codes,
and instructions and guidelines of authorities having jurisdiction; deliver to Delaware Technical
Community College upon completion.

B. Designer Qualifications: NICET Level 1l or IV (3 or 4) certified fire alarm technician or
registered fire protection engineer, employed by fire alarm control panel manufacturer,
Contractor, or installer, with experience designing fire alarm systems in the jurisdictional area
of the authorities having jurisdiction.

C. Installer Qualifications: Firm with minimum 3 years documented experience installing fire
alarm systems of the specified type and providing contract maintenance service as a regular part
of their business.

1. Authorized representative of control unit manufacturer; submit manufacturer's certification
that installer is authorized; include name and title of manufacturer's representative making
certification.

Installer Personnel: At least 2 years of experience installing fire alarm systems.

3. Supervisor: NICET level Ill or IV (3 or 4) certified fire alarm technician; furnish name
and address.

N

D. Maintenance Contractor Qualifications: Same entity as installer or different entity with
specified qualifications.
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E. Instructor Qualifications: Experienced in technical instruction, understanding fire alarm
theory, and able to provide the required training; trained by fire alarm control unit manufacturer.

1.06 WARRANTY

A. Provide control panel manufacturer's warranty that system components other than wire and
conduit are free from defects and will remain so for 5 years after date of Substantial
Completion.

B. Provide installer's warranty that the installation is free from defects and will remain so for 1
year after date of Substantial Completion.

PART 2 PRODUCTS
2.01 MANUFACTURERS

A. Fire Alarm Control Units - Basis of Design: Honeywell Security & Fire Solutions/Notifier ; :
www.notifier.com.

B. Fire Alarm Control Units - Other Acceptable Manufacturers: Provided their products meet or
exceed the performance of the basis of design product, products of the following are acceptable:

Honeywell Security & Fire Solutions/Gamewell-FCI:  www.gamewell-fci.com.

Honeywell Security & Fire Solutions/Fire-Lite: www.firelite.com.

Honeywell Security & Fire Solutions/Silent Knight:  www.silentknight.com.

Siemens Building Technologies, Inc: www.sbt.siemens.com.

SimplexGrinnell:  www.simplexgrinnell.com.

Provide all control units made by the same manufacturer.

RN

C. Initiating Devices, and Notification Appliances:
1. Same manufacturer as control units.
2. Provide all initiating devices and notification appliances made by the same manufacturer.

D. Substitutions: See Section 01 60 00 - Product Requirements.
1. For other acceptable manufacturers of control units specified, submit product data showing
equivalent features and compliance with contract documents.
2. For substitution of products by manufacturers not listed, submit product data showing
features and certification by Contractor that the design will comply with contract
documents.

2.02 FIRE ALARM SYSTEM

A. Fire Alarm System: Provide a new automatic fire detection and alarm system:
1. Provide all components necessary, regardless of whether shown in the contract documents
or not.
2. Protected Premises: Entire building shown on drawings.
3. Comply with the following; where requirements conflict, order of precedence of
requirements is as listed:
ADA Standards for Accessible Design.
The requirements of the State Fire Marshal.
Applicable local codes.
The contract documents (drawings and specifications).
NFPA 101.

P00 o
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f.  NFPA 72; where the word "should" is used consider that provision mandatory; where
conflicts between requirements require deviation from NFPA 72, identify deviations
clearly on design documents.

Evacuation Alarm: Single smoke zone; general evacuation of entire premises.

Program notification zones and voice messages as directed by Delaware Technical

Community College.

6. Hearing Impaired Occupants: Provide visible notification devices in all public areas and
in dwelling units.

7. Master Control Unit (Panel): New, located as indicated on drawings.

S

Supervising Stations and Fire Department Connections:

1. Public Fire Department Notification: By on-premises supervising station.

2. Remote Supervising Station: UL-listed central station under contract to facility.

3. Means of Transmission to On-Premises Supervising Station: Digital alarm communicator
transmitter (DACT), 2 telephone lines.

4. Means of Transmission to Remote Supervising Station: Digital alarm communicator
transmitter (DACT), 2 telephone lines.

5. Auxiliary Connection Type: Local energy.

Circuits:

1. Initiating Device Circuits (IDC): Class B, Style A.

2. Signaling Line Circuits (SLC) Within Single Building: Class B, Style 0.5.
3. Notification Appliance Circuits (NAC): Class B, Style W.

Spare Capacity:

. Initiating Device Circuits: Minimum 25 percent spare capacity.

Notification Appliance Circuits: Minimum 25 percent spare capacity.

Speaker Amplifiers: Minimum 25 percent spare capacity.

Master Control Unit: Capable of handling all circuits utilized to capacity without
requiring additional components other than plug-in control modules.

Awn e

Power Sources:

1. Primary: Dedicated branch circuits of the facility power distribution system.
2. Secondary: Storage batteries.

3. Capacity: Sufficient to operate entire system for period specified by NFPA 72.
4. Each Computer System: Provide uninterruptible power supply (UPS).

2.03 FIRE SAFETY SYSTEMSINTERFACES

A.

Supervision: Provide supervisory signals in accordance with NFPA 72 for the following:
1. Sprinkler water control valves.

Alarm: Provide alarm initiation in accordance with NFPA 72 for the following:
1. Sprinkler water flow.
2. Duct smoke detectors.

HVAC:
1. Duct Smoke Detectors: Close dampers indicated; shut down air handlers indicated.

Doors:

1. Smoke Barrier Door Magnetic Holders: Release upon activation of smoke detectors in
smoke zone on either side of door, upon alarm from manual pull station on same floor, and
upon sprinkler activation on same floor.

2. Electromagnetic Door Locks on Egress Doors: Unlock upon activation of any alarm
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initiating device or suppression system in smoke zone that doors serve as egress from.

3. Overhead Coiling Fire Doors: Release upon activation of smoke detectors in smoke zone
on either side of door, upon alarm from manual pull station on same floor, and upon
sprinkler activation on same floor.

2.04 COMPONENTS

A. General:
1. Provide flush mounted units where installed in finish areas; in unfinished areas, surface
mounted unit are acceptable.
2. Provide legible, permanent labels for each control device, using identification used in
operation and maintenance data.

B. Fire Alarm Control Units, Initiating Devices, and Notification Appliances: Analog,
addressable type; listed by Underwriters Laboratories as suitable for the purpose intended.

C. Master Control Unit: As specified for Basis of Design above, or equivalent.

D. Initiating Devices:
1. Manual Pull Stations: Quanity as indicated on drawings.
a. Provide 1 extra.
2. Smoke Detectors: Quanity as indicated on drawings.
a. Provide 1 extra.
3. Duct Smoke Detectors: Quanity as indicated on drawings.
a. Provide 1 extra.

E. Notification Appliances:
1. Horn/Strobes: Quanity as indicated on drawings.
a. Provide 2 extra.

F. Circuit Conductors: Copper or optical fiber; provide 200 feet (60 m) extra; color code and
label.

G. Surge Protection: In accordance with IEEE C62.41.2 category B combination waveform and
NFPA 70; except for optical fiber conductors.

H. Locks and Keys: Deliver keys to Delaware Technical Community College.
1. Provide the same standard lock and key for each key operated switch and lockable panel
and cabinet; provide 5 keys of each type

I.  Instruction Charts: Printed instruction chart for operators, showing steps to be taken when a
signal is received (normal, alarm, supervisory, and trouble); easily readable from normal
operator's station.

1. Frame: Stainless geel or aluminum with polycarbonate or glass cover.

2. Provide one for each control unit where operations are to be performed.

3. Obtain approval of Delaware Technical Community College prior to mounting; mount in
location acceptable to Delaware Technical Community College.

4. Provide extra copy with operation and maintenance data submittal.

J.  Storage Cabinet for Spare Parts and Tools: Steel with baked enamel finish, size appropriate to
quantity of parts and tools.
1. Padlock eye and hasp for lock furnished by Delaware Technical Community College.
2. Locate as directed by Delaware Technical Community College.

PART 3 EXECUTION

3.01 INSTALLATION
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A
B.
C.

D.

Install in accordance with applicable codes, NFPA 72, NFPA 70, and the contract documents.
Conceal all wiring, conduit, boxes, and supports where installed in finished areas.

Obtain Delaware Technical Community College's approval of locations of devices, before
installation.

Install instruction cards and labels.

3.02 INSPECTION AND TESTING FOR COMPLETION

A.

Notify Delaware Technical Community College 7 days prior to beginning completion
inspections and tests.

Notify authorities having jurisdiction and comply with their requirements for scheduling
inspections and tests and for observation by their personnel.

Provide the services of the installer's supervisor or person with equivalent qualifications to
supervise inspection and testing, correction, and adjustments.

Prepare for testing by ensuring that all work is complete and correct; perform preliminary tests
as required.

Provide all tools, software, and supplies required to accomplish inspection and testing.

Perform inspection and testing in accordance with NFPA 72 and requirements of local
authorities; document each inspection and test.

Correct defective work, adjust for proper operation, and retest until entire system complies with
contract documents.

Diagnostic Period: After successful completion of inspections and tests, Operate system in

normal mode for at least 14 days without any system or equipment malfunctions.

1. Record all system operations and malfunctions.

2. If amalfunction occurs, start diagnostic period over after correction of malfunction.

3. Delaware Technical Community College will provide attendant operator personnel during
diagnostic period; schedule training to allow Delaware Technical Community College
personnel to perform normal duties.

4. At end of successful diagnostic period, fill out and submit NFPA 72 "Inspection and
Testing Form."

3.03 Delaware Technical Community College PERSONNEL INSTRUCTION

A

D.
FIRE DE

Provide the following instruction to designated Delaware Technical Community College

personnel:

1. Hands-On Instruction: On-site, using operational system.

2. Classroom Instruction: Delaware Technical Community College furnished classroom,
on-site or at other local facility.

Administrative: One-hour session(s) covering issues necessary for non-technical
administrative staff; classroom:

1. Initial Training: 1 session pre-closeout.

2. Refresher Training: 1 session post-occupancy.

Basic Operation: One-hour sessions for attendant personnel, security officers, and engineering
staff; combination of classroom and hands-on:

1. Initial Training: 1 session pre-closeout.

Furnish the services of instructors and teaching aids; have copies of operation and maintenance
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data available during instruction.
3.04 CLOSEOUT

A. Closeout Demonstration: Demonstrate proper operation of all functions to Delaware Technical

Community College.

1. Be prepared to conduct any of the required tests.

2. Have at least one copy of operation and maintenance data, preliminary copy of project
record drawings, input/output matrix, and operator instruction chart(s) available during
demonstration.

3. Have authorized technical representative of control unit manufacturer present during
demonstration.

4. Demonstration may be combined with inspection and testing required by authority having
jurisdiction; notify authority having jurisdiction in time to schedule demonstration.

5. Repeat demonstration until successful.

B. Occupancy of the project will not occur prior to Substantial Completion.

C. Substantial Completion of the project cannot be achieved until inspection and testing is
successful and:
1. Specified diagnostic period without malfunction has been completed.
2. Approved operating and maintenance data has been delivered.
3. Spare parts, extra materials, and tools have been delivered.
4.  All aspects of operation have been demonstrated to Delaware Technical Community
College.
5. Final acceptance of the fire alarm system has been given by authorities having jurisdiction.
6. Occupancy permit has been granted.
7. Specified pre-closeout instruction is complete.

D. Perform post-occupancy instruction within 3 months after Substantial Completion.
3.05 MAINTENANCE

A. See Section 01 77 00 - Closeout Procedures, for additional requirements relating to maintenance
service.

B. Provide to Delaware Technical Community College, at no extra cost, a written maintenance
contract for 2 years, to include the work described below.

C. Perform routine inspection, testing, and preventive maintenance required by NFPA 72,

including:
1. Maintenance of fire safety interface and supervisory devices connected to fire alarm
system.

2. Repairs required, unless due to improper use, accidents, or negligence beyond the control
of the maintenance contractor.
3. Record keeping required by NFPA 72 and authorities having jurisdiction.

D. Provide trouble call-back service upon notification by Delaware Technical Community College:
1. Provide on-site response within 2 hours of notification.
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2. Include allowance for call-back service during normal working hours at no extra cost to
Delaware Technical Community College.

3. Delaware Technical Community College will pay for call-back service outside of normal
working hours on an hourly basis, based on actual time spent at site and not including
travel time; include hourly rate and definition of normal working hours in maintenance
contract.

E. Provide a complete description of preventive maintenance, systematic examination, adjustment,
cleaning, inspection, and testing, with a detailed schedule.

F. Maintain a log at each fire alarm control unit, listing the date and time of each inspection and
call-back visit, the condition of the system, nature of the trouble, correction performed, and
parts replaced. Submit duplicate of each log entry to Delaware Technical Community
College's representative upon completion of site visit.

G. Comply with Delaware Technical Community College's requirements for access to facility and
security.

END OF SECTION
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SECTION 311000 - SITE CLEARING

PART 1 - GENERAL

11

A.

1.2

1.3

1.4

1.5

RELATED DOCUMENTS

Drawings and general provisions of the Contractlusing General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY
This Section includes the following:

Protecting existing trees, shrubs, plants and doassmain.

Removing existing trees and other vegetation.

Clearing and grubbing.

Stripping and stockpiling topsoil.

Removing above- and below-grade site improvements.

Disconnecting, capping or sealing, and abandoniteguilities in place and removing
site utilities.

7. Temporary erosion and sedimentation control measure

ouhrwnhE

Related Sections include the following:

1. Division 01 Section "Temporary Construction Utdisi Facilities & Controls" for
temporary utilities, temporary construction andpsp facilities, temporary security and
protection facilities.

2. Division 31 Section "Earth Moving" for soil matdsaexcavating, backfilling, and site
grading.

3. Division 32 Section "Turf and Grasses" for finishading including preparing and
placing planting soil mixes and testing of topsodterial.

DEFINITIONS

Topsoil: Natural or cultivated surface-soil laymmtaining organic matter and sand, silt, and
clay particles; friable, pervious, and black or arkér shade of brown, gray, or red than
underlying subsoil; reasonably free of subsoily dlemps, gravel, and other objects more than 2
inches in diameter; and free of subsoil and weedsts, toxic materials, or other nonsoil

materials.

MATERIAL OWNERSHIP

Except for stripped topsoil or other materials @aded to remain Owner's property, cleared
materials shall become Contractor's property aatl BB removed from Project site.

SUBMITTALS

SITE CLEARING 311000-1
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A.

1.6

1.7

Photographs or videotape, sufficiently detailederisting conditions of trees and plantings,
adjoining construction, and site improvements thiaght be misconstrued as damage caused by
site clearing.

QUALITY ASSURANCE

Preinstallation Conference: Conduct conferenderaject site to comply with requirements in
Division 01 Section "Project Management and Coatiim."

PROJECT CONDITIONS

Traffic: Minimize interference with adjoining rogdstreets, walks, and other adjacent occupied
or used facilities during site-clearing operations.

1. Do not close or obstruct streets, walks, or othdjaGent occupied or used facilities
without permission from Owner and authorities hg\urisdiction.

2. Provide alternate routes around closed or obstiuciéfic ways if required by authorities
having jurisdiction.

Utility Locator Service: Notify utility locator seice for area where Project is located before
site clearing. The contractor is responsible foc@sts associated with a utility locator service.

Do not commence site clearing operations until gy erosion and sedimentation control
measures are in place.

PART 2 - PRODUCTS

2.1

SOIL MATERIALS

Satisfactory Soil Materials: Requirements for sfatitory soil materials are specified in
Division 31 Section "Earth Moving."

1. Obtain approved borrow soil materials off-site wreatisfactory soil materials are not
available on-site.

PART 3 - EXECUTION

3.1

PREPARATION

Protect and maintain benchmarks and survey conpahts from disturbance during
construction.

Locate and clearly flag trees and vegetation tcaierar to be relocated.
Protect existing site improvements to remain framege during construction.

1. Restore damaged improvements to their original itimmg as acceptable to Owner.
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D.

3.2

3.3

3.4

Contact DNREC, Division of Sediment and Stormwdbtearrange a preconstruction meeting
prior to any site clearing or site disturbance\atitis.

TEMPORARY EROSION AND SEDIMENTATION CONTROL

Provide temporary erosion and sedimentation contreasures to prevent soil erosion and
discharge of soil-bearing water runoff or airboxhsst to adjacent properties and walkways,
according to approved Sediment and Erosion CoBralings.

Inspect, repair, and maintain erosion and sedirtient@ontrol measures during construction
until permanent vegetation has been established.

Remove erosion and sedimentation controls and reestod stabilize areas disturbed during
removal.

UTILITIES
Locate, identify, disconnect, and seal or cap tifities indicated to be removed.

1. Construction Manager will arrange to shut off ireded on-site utilities when requested
by Contractor.

Existing Utilities: Do not interrupt utilities séng facilities occupied by Owner or others
unless permitted under the following conditions ghdn only after arranging to provide
temporary utility services according to requirensénticated:

1. Notify Construction Manger and Owner not less tfiga days in advance of proposed
utility interruptions.

2. Do not proceed with utility interruptions withouto@struction Manager's written
permission.

Excavate for and remove underground utilities iathd to be removed. Refer to sections
covering site utilities.

CLEARING AND GRUBBING

Remove obstructions, trees, shrubs, grass, and edyetation to permit installation of new
construction.

1. Do not remove trees, shrubs, and other vegetaidindted to remain or to be relocated.

2. Cut minor roots and branches of trees indicate@neain in a clean and careful manner
where such roots and branches obstruct installafioew construction.

3. Grind stumps and remove roots, obstructions, arwtiglextending to a depth of 18
inches below exposed subgrade.

4, Use only hand methods for grubbing within tree g@ctibn zone.

5. Chip removed tree branches and dispose of off-site.

Fill depressions caused by clearing and grubbingraijpns with satisfactory soil material
unless further excavation or earthwork is indicated
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3.5

3.6

3.7

1. Place fill material in horizontal layers not excegda loose depth of 8 inches, and
compact each layer to a density equal to adjaa#gihal ground.

TOPSOIL STRIPPING
Remove sod and grass before stripping topsoil.

Strip topsoil to whatever depths are encountered manner to prevent intermingling with
underlying subsoil or other waste materials.

1. Remove subsoil and nonsoil materials from top$odiuding trash, debris, weeds, roots,
and other waste materials.

Stockpile topsoil materials away from edge of exatmns without intermixing with subsoil.
Grade and shape stockpiles to drain surface wé&ever to prevent windblown dust.

1. Do not stockpile topsoil within tree protection esn
2. Stockpile surplus topsoil to allow for respreadiegper topsoil.

SITE IMPROVEMENTS

Remove existing above- and below-grade improvemaestdndicated and as necessary to
facilitate new construction.

Remove slabs, paving, curbs, gutters, and aggregateas indicated.

1. Unless existing full-depth joints coincide with dirof demolition, neatly saw-cut length
of existing pavement to remain before removing tengs pavement. Saw-cut faces
vertically.

2. Paint cut ends of steel reinforcement in concreremain to prevent corrosion.

DISPOSAL

Disposal: Remove surplus soil material, unsuitabpesoil, obstructions, demolished materials,
and waste materials including trash and debris, lexgdlly dispose of them off Owner's

property.

END OF SECTION 311000
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SECTION 312000 - EARTH MOVING

PART 1 - GENERAL

11

A.

1.2

1.3

RELATED DOCUMENTS

The General Conditions, any Supplementary Genearatlifions and Division 1, General
Requirements, are hereby made a part of this Seatidully as if repeated herein.

SECTION INCLUDES

Earthwork includes areas below building foundatjdredow concrete slabs on grade, below
paved areas and grading of all unpaved area isitfe

Layout and staking for earthwork.

Excavation and rough grading.

Erosion and sediment control.

Foundation excavation for footings.

Establishing subgrades, leveling and proofrolling.
Filling, backfilling and compaction.

Keeping streets clean of materials tracked off site
Includes trenching, excavation and backfill fotitigs.
Maintenance and/or repair of damage to the rougtiing.
10. Removal and disposal of stones, debris, excessm@sutable materials.
11. Soil treatment for termite control.

12. Field quality control, testing, and inspection.

CoNoTarwWNE

DEFINITIONS

Rock Excavation: Natural geological formationstiter material which cannot be removed by
adequate equipment (in good condition) as defiredoly shall be considered a change in the
scope of work and paid for by the Owner if encorade

1. Open Excavation and Grading: Rock in excess otdpabilities of a Caterpillar D-8
tractor (or equivalent) with 2 cu. yd. bucket aiydfaulically operated single tooth
power ripper.

2. Trenches, Pits and Footings: Rock in excess ofdpeanbilities of a Caterpillar 235
Hydraulic Backhoe (or equivalent) using a 2 ft. Beicwidth (3/4 cu. yd.)

3. Minimum Effort: If rock is not removed during tipeocess of normal digging and
ripping, then extend the excavation to expose thk surface within the limit of original
excavation. Contact the A/E and he may direcstties of rock to be exposed to a depth
of 3 feet. This will be to determine to the extehadditional work.

Earth Excavation: Anything not classified as rooiuding as example: soils, gravels, stones,
boulders, vegetation, debris, and unsuitable nadseri

Unsuitable Materials: All excavated materials; iigbbman made or fabricated materials,
concrete spoil, organic, soft, expansive, or udstatatter; all shall be disposed of as herein
specified. Excessive moisture content shall redsify a material as unsuitable.

EARTH MOVING 312000 -1



DTCC Powerplant Education Facility BMG Project Nogn 2012112.00
Sussex County Airport & Industrial Park Novemb@r 2012
Delaware Technical Community College

Owens Campus, Georgetown, Delaware

D.

1.4

Removal and disposal of unsuitable material abbgestibgrade elevation and placement of
approved specific fill material (from on or off tki#e) above the subgrade elevation as directed
by the Soils Engineer shall be considered a pattefvork.

Removal and disposal of unsuitable material apptdetow the subgrade elevation and
placement of approved specific fill material (fram or off the site) below the subgrade
elevation as directed by the Soils Engineer sleattdnsidered a change in the scope of work.

Soils Engineer or Inspection Agency: An Agency #adlesignated representatives who
monitor and approve all earthwork operations dbscrherein.

Subgrade: The finished elevation of the earth idiiately below all slabs, granular and porous
fill, paving, footings, walls, etc., except the gudde elevation shall not be higher than 12"
below the existing earth elevation at the stathefproject.

Subgrade for utility construction: Underside ofrieaof pipe, or underside of any cradle or
bedding if noted on drawings, or referenced in igpple local government specifications. For
pipe drains and miscellaneous structures encasamhigrete or on concrete, stone and/or gravel
cradle, subgrade is lowest outside surface of emgast or cradle.

Structures: Buildings, footings, foundations, neitag walls, slabs, tanks, curbs, mechanical and
electrical appurtenances, or other man-made statideatures constructed above or below the
ground surface.

Bedding Course: Course placed over the excavategtade in a trench before laying pipe.

Drainage Course: Course supporting the slab ategteat also minimizes upward capillary
flow of pore water.

Subbase Course: Course placed between the sutagrddmse course for hot-mix asphalt
pavement, or course placed between the subgrade eement concrete pavement or a cement
concrete or hot-mix asphalt walk.

Utilities: On site underground pipes, conduitsgtduand cables, as well as underground
services within buildings.

Filter Material: Course placed around drainagegip
QUALITY ASSURANCE
Reference Standards:

1.  American Association of State Highway and Transgarh Officials (AASHTO).

2. American Society for Testing and Materials (ASTM).

3. Delaware Department of Transportation, State High@ministration “Standard
Specifications for Materials and Construction” aasended to date (DelDOT as
hereinafter referred). Delete references to Measant and Payment.

Geotechnical Testing Agency Qualifications: An dpéndent testing agency (with a
Geotechnical engineer licensed in the state whegeptoject is being constructed on staff)
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1.5

1.6

gualified according to ASTM E 329 to conduct soiiterials and rock-definition testing, as
documented according to ASTM D 3740 and ASTM E 548.

Tolerances: As indicated herein.

Testing: Requirements as specified herein.
SUBMITTALS

Notification:

1. Notify and provide data to regulatory authoritiesl &/E prior to commencement of
work.

2. Provide notice of: encounter with unknown utiitisubgrades before filling; areas
requiring

3. testing or inspection.

Product Data: For the following:

1. Geotextile.
2. Detection Warning Tape.

Material Test Reports: From a qualified testingrazy indicating and interpreting test results
for compliance of the following with requirementslicated:

1. Classification according to ASTM D2487 of each @& and borrow soil material
proposed for fill and backfill.

2. Laboratory compaction curve according to ASTM D1%&7each on site and borrow soil
material proposed for fill and backfill.

3. Field reports; in-place soil density tests.

4, One optimum moisture — maximum density curve fahesgpe of soil encountered.

5. Report of actual unconfined compressive strengthicaimesults of bearing tests of each
strata tested.

6. Test reports must be submitted daily to the Architand Owner.

PROJECT CONDITIONS

Subsurface Conditions: Subsurface soils investigathave been made at the site. The report
and logs of the test borings and test pits areidedl in the Appendix of these specifications.
Such investigations have been made for the purgdsissign only and neither the Engineers,
the Owner, nor the Geotechnical Engineer guaraadeguacy or accuracy of the data, or that
data are representative of all conditions to b@entered. Such information is made available
for general information only and shall not religkie Contractor of the responsibility for making
his own investigations, tests, and analysis. Aduiteonal test borings and other exploratory
operations may be made by Contractor shall be ababto Owner.

1. See Geotechnical Engineering Report prepared bfidiiiAssociations, Inc. in Division
1 for test boring data and other requirements.
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B.

1.7

Erosion and sediment control, in addition to erosiontrol specified in Section 31100 and
Division 1:

1. Standards: Comply with the requirements of thari8ards and Specifications for Soil
Erosion and Sediment Control in Developing Areasthe U.S.D.A. Soil Conservation
Service.

2. General Erosion: Prevent erosion of earthworkairegnd correct any ditches, gullies or
erosion immediately and upon occurrence.

3. Excavations: Prevent water from flowing into ogxeavations and toward building
walls.

4. Slopes: Cover (with continuous plastic membramne) stake all slopes steeper than 1.5
horizontal to 1 vertical.

Environmental Conditions:

1. Do not apply soil treatment when temperature o dtelow freezing or when ground is
frozen or frost is expected.
2. Do not apply soil treatment when surface waterésent.

Existing Conditions: Accept the site in the coimditwhich it exists at the time of the award of
the contract and perform all work to the gradescated.

1. Protect plant material, lawns and other featuréslasignated for removal.
2. Protect bench marks, existing structures, fenédewslks, paving and curbs from
excavating equipment and vehicular traffic.

Existing Utilities: Locate existing undergroundlities in areas of work. If utilities are to
remain in place, provide adequate means of protectiring earthwork operations.

1. Should uncharted, or incorrectly charted, pipingther utilities be encountered during
excavation, consult utility Owner immediately faregttions. Cooperate with Owner and
utility companies in keeping respective services facilities in operation. Repair
damaged utilities to satisfaction of utility Owner.

2. Do not interrupt existing utilities serving fadidis occupied and used by others, except
when permitted in writing by A/E and then only aféeceptable temporary utility
services have been provided. Provide a minimudBdiour notices to utility Owners
and receive written notice to proceed before inofging any utility.

Rock Excavation: Rock excavation may be performigd hoe rams, jack hammers, or any
method the Contractor wishes to employ exceptXptasives.

PROTECTION

Safety: Provide protective measures necessathdéosafety of workmen, to the public and
adjacent property. Prevent cave-ins, collapse disystructures and slopes, both on and
adjacent to the site.

Standards: Comply with regulations of local auities having jurisdiction, including all
applicable O.S.H.A. requirements.
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C.

Repair: Includes the removal and replacement méthi materials all materials so affected by
settlement.

PART 2 - PRODUCTS

2.1

A.

FILL AND BACKFILL
Satisfactory Soils:

1. Compacted fill and backfill shall be free of detedes matter such as frozen materials,
organics, wood, debris, or rock larger than 4 isdhediameter and be classified SP, SW,
SM, SC, GP, GC, GM, or GW per ASTM D-2487. All miaél shall have a liquid limit
and plasticity index not exceeding 40 and 20 raspeg when tested in accordance with
ASTM D-4318.

2. The minimum dry unit weight shall not be less ti@8 PCF maximum dry density as
determined by ASTM D-1557, modified proctor.

3. Allfill and backfill materials shall be obtainetbm on site or from off site sources and
shall be approved by the Geotechnical Engineer fwiplacement.

4. Provide borrow soil materials when sufficient datisory soil materials are not available
from excavations.

Engineered Fill: Naturally or artificially gradewiixture of natural or crushed gravel, crushed
stone, and natural or crushed sand; ASTM D 294th avieast 90 percent passing a 1 % inch
sieve and not more than 12 percent passing a Nosi2@e.

1. Locations: All on site fill areas

Structural Fill: On-site soils free of organic nrédé topsoil, miscellaneous fill, debris and rock
fragments in excess of 3 inches in their largasiedision may be suitable as structural fill. The
granular on-site soils may be suitable for re-usstauctural fill. Some of these soils have an
in-situ moisture content that exceeds the typiaate that would allow the recommended
compaction to be achieved. Therefore, drying e§éhsoils may be required to achieve the
recommended compaction.

If sufficient quantities of suitable on-site saliee not available for structural fill, imported
borrow consisting of predominately granular sodsforming to the requirements of the
Delaware Department of Transportation Standard iSp@ions Select Borrow, Type G should
be utilized or AASHTO SP-57 stone.

Drainage fill:

1.  Washed, narrowly graded mixture of crushed stonefushed or uncrushed gravel,
(ASTM D 448 Coarse - aggregate grading size 5th #0% passing of 1-1/2" sieve
and not more than 5% passing a No. 8 sieve. Agteezhall meet DELDOT
specification for No. 106A aggregate. Provide mntactor from off site source.

a. Locations: All concrete slab on grade areas

2. For foundation drainage, use aggregate meeting MELBpecification for No. 113 ag-
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gregate.
a. Locations: Drainage fill behind basemealls and retaining walls.
E. Stone Base Course: Naturally or artificially graaeixture of natural or crushed gravel,
crushed stone, reclaimed concrete, and naturalshed sand (ASTM D2490) with at least
95% passing a 1 %2" sieve and not more than 8% maasNo. 200 sieve. Provide by contractor
from off site sources.
F.  Subbase Material: Designation CR-6 in accordarite RELDOT Specifications.
1. Locations: All vehicular traffic areas
G. Bedding Course: Naturally or artificially gradedxtare of natural or crushed gravel, crushed
stone, and natural or crushed sand; ASTM D294 mxeith 100 percent passing a 1 inch (25-
mm) sieve and not more than 8 percent passing 2000(0.075-mm) sieve. For utility
installations, bedding shall conform to AASHTO #&@ne.

H.  Filter Material: Narrowly graded mixture of natualcrushed gravel, or crushed stone and
natural sand; AASHTO M-43, size No. 17.

l. Sand: ASTM C 33; fine aggregate, natural, or magtufad sand.

J. Processed Rubble Fill: Existing brick and concratble, free of wood and steel may be
processed by use of tracked equipment such thparicle size greater than 6 inches in the
longest dimension remains.

K.  Impervious Fill: Clayey gravel and sand mixtureaale of compacting to a dense state.

2.2 FILL AND BACKFILL FOR UTILITIES

A.  Backfill: Earth removed from the trench providéatin the opinion of Soils Engineer such
excavated material is satisfactory for backfilling.

B.  Should the excavated material be considered ufesettisy for backfilling, the Contractor shall
remove and dispose of such unsatisfactory matmigisubstitute, in lieu thereof, suitable
material obtained from elsewhere on or off the site

C. Materials shall meet the requirements specifiggairagraph 2.1.A above.

2.3 TOPSOIL
A. Refer to Section 329200 Turf and Grasses.
2.4 SOIL TREATMENT - TERMITE CONTROL

A.  Emulsion soil chemicals of only water-based typ® not use any fuel oil as a diluent.

B.  Solutions and chemicals listed and approved by EF2DA, and Delaware State Department
of Agriculture.

EARTH MOVING 312000 - 6



DTCC Powerplant Education Facility BMG Project Nogn 2012112.00
Sussex County Airport & Industrial Park Novemb@r 2012
Delaware Technical Community College

Owens Campus, Georgetown, Delaware

C.

2.5

2.6

2.7

Chemicals used in retreatment shall also be cedtdind state type of chemical and rate of
concentration.

ACCESSORIES

Detectable Warning Tape: Acid and alkali-resisfaoiyethylene film warning tape
manufactured for marking and identifying undergmbutilities, a minimum of 6 inches (150
mm) wide and 4 mils (0.1 mm) thick, continuouslgdribed with a description of the utility,
with metallic core encased in a protective jacketcbrrosion protection, detectable by metal
detector when tape is buried up to 30 inches (780 deep; colored as follows:

Red: Electric

Yellow: Gas, oil, steam, and dangerous materials.
Orange: Telephone and other communications.
Blue: Water systems

Green: Sewer systems.

arLONE

GEOTEXTILES

Subsurface Drainage Geotextile: Nonwoven needtetped geotextile, manufactured for
subsurface drainage applications, made from pdiysier polyesters; with elongation greater
than 50 percent; complying with AASHTO M 288 and fhllowing, measured per test
methods referenced:

Survivability: Class 2; AASHTO M 288.

Grab Tensile Strength: 157 Ibf; ASTM D 4632.

Sewn Seam Strength: 142 Ibf; ASTM D 4632.

Tear Strength: 56 Ibf; ASTM D 4533.

Puncture Strength: 56 Ibf; ASTM D 4833.

Apparent Opening Size: No. 70 sieve, maximum; ASDM751.
Permittivity: 0.5 per second, minimum; ASTM D 4491

UV Stability: 50 percent after 500 hours' exposé®TM D 4355.

NG~ ®WNE

Separation Geotextile: Woven geotextile fabricnofactured for separation applications,
made from polyolefins or polyesters; with elongatiess than 50 percent; complying with
AASHTO M 288 and the following, measured per testhods referenced:

Survivability: Class 2; AASHTO M 288.

Grab Tensile Strength: 247 Ibf; ASTM D 4632.

Sewn Seam Strength: 222 Ibf; ASTM D 4632.

Tear Strength: 90 Ibf; ASTM D 4533.

Puncture Strength: 90 Ibf; ASTM D 4833.

Apparent Opening Size: No. 40 sieve, maximum; ASDM751.
Permittivity: 0.02 per second, minimum; ASTM D 449

UV Stability: 50 percent after 500 hours' exposé&®TM D 4355.

N~ WNE

FLOWABLE FILL

A. Stabilized flowable fly ash mixture with a maxim@hmp of 8" and a minimum unconfined
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compressive strength of 100 psi used to fill cardion excavations.

B. Manufacturer: American Stone Mix or approved equal

PART 3 - EXECUTION
3.1 PREPARATION

A.  Verify existing ground surfaces have been strippfedpsoil, root mat and existing pavement,
unsatisfactory soils, concrete spoil, obstructiang deleterious material.

B. Following rough grading and prior to foundation axation, placement of fill, or construction
of the floor slabs, it is recommended that the sgplcsubgrade be proofrolled. The proofroll
should be performed using a minimum 10-ton vibratotler in the presence of the qualified
soils technician working under the supervision geatechnical engineer. Yielding or
otherwise unsuitable subgrade conditions encouwhigithin the proposed building areas
should be undercut to firm subgrade conditionstzaekfilled with compacted structural fill.

C. Locate underground utilities in areas of workutifities are to remain in place, provide
adequate means of protection during earthwork dpesa Contact "Miss Utility".

D. Use of explosives will not be permitted, unlessraped by Owner in writing and Regulatory
Agencies having jurisdiction.

E. Demolish and completely remove from site existingerground utilities indicated to be
removed. Coordinate with utility companies to stifitservices if lines are active.

F. Protect structures, utilities, sidewalks, pavemeantsl other facilities from damage caused by
settlement, lateral movement, undermining, washand, other hazards created by earthwork
operations.

G. Protect subgrades and foundation soils againstifrgéemperatures or frost. Provide
protective insulating materials as necessary.

H.  Provide erosion-control measures to prevent eramatisplacement of soils and discharge of
soil-bearing water runoff or airborne dust to adjatqroperties and walkways.

3.2 EXCAVATION

A.  Excavation consists of removal and disposal of ratencountered when establishing required
finish grade elevations.

B. Unauthorized Excavations:

1. Unauthorized excavation consists of removal of netebeyond indicated subgrade
elevations or dimensions without specific directotdrA/E. Unauthorized excavation, as
well as remedial work directed by A/E, shall b&anhtractor's expense.

2. Under footings, foundations, or retaining wallf, dfnauthorized excavation by extending
indicated bottom elevation of footing to excavatimttom, without altering required top
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elevation. Lean concrete, flo-ash fill, or compalcstructural fill may be used to bring
elevations to proper position, when acceptable k. A

C. Additional Excavation: When excavation has reaateegired subgrade elevations, notify Soils
Engineer who will make an inspection of conditions.

1. If unsuitable bearing materials are encountereddauired subgrade elevations, carry
excavations deeper and replace excavated matasiaisected by A/E

2. Removal of unsuitable material below the subgradeleadion and its replacement as
directed will be paid by the Owner on basis of cacttconditions relative to change in
work.

D. Stability of Excavations: Slope sides of excavagito comply with local codes and ordinances
having jurisdiction. Shore and brace where slojsnpt possible because of space restrictions
or stability of materials excavated.

1. Maintain sides and slopes of excavations in safgitions until completion of
backfilling.

E. Shoring and Bracing: Provide materials for shoand bracing, such as sheet piling, uprights,
stringers, and cross braces, in good servicealplditian.

1. Establish requirements for trench shoring and boatth comply with local, State &
Federal codes and authorities having jurisdiction.

2. Maintain shoring and bracing in excavations regasslbf time period excavations will be
open. Carry down shoring and bracing as excavatiogresses.

F. Dewatering: Prevent surface water and subsurfageoond water from flowing into
excavations and from flooding project site and@umding area.

1. Do not allow water to accumulate in excavationgmRve water to prevent softening of
foundation bottoms, undercutting footings, and sbdnges detrimental to stability of
subgrades and foundations. Excavations shall peftee of water for a minimum of
two (2) inches below subgrade of excavation. Eeand maintain pumps, well points,
sumps, suction and discharge lines, and other @éewgtsystem components necessary
to convey water away from excavations.

2. Convey water removed from excavations and rain mwate approved sediment control
devices. Establish and maintain temporary draimttgbes and other diversions outside
excavation limits for each structure. Do not usecth excavations as temporary
drainage ditches.

3. Excessive groundwater conditions: Refer to Artitl@.6 of the General Conditions.

G. Material Storage: Stockpile satisfactory excavatederials where directed, until required for
backfill or fill. Place, grade and shape stockpiler proper drainage.

1. Prevent saturation of soil above the optimum moéstontent.

2. Locate and retain soil materials away from edgexsfivations.
3. Dispose of excess soil material and waste mateagalerein specified.
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H. Excavation for Structures: Conform to elevationd dimensions shown within a tolerance of
plus or minus 0.10', and extending sufficient distafrom footings and foundations to permit
placing and removal of concrete formwork, instédiatof services, other construction, and for
inspection.

1. In excavating for footings and foundations, takeeg#ot to disturb bottom of excavation.
Excavate by hand to final grade just before coeareinforcement is placed. Trim
bottoms to required lines and grades to leave balgd to receive other work.

2. If in excavating for building foundations the sditectly below the building foundations
is disturbed, the disturbed soil shall be removeati shall be recompacted to 95%
compaction or replaced with concrete backfill.

l. Excavation for Stone and Concrete Pavements: @face under pavements to comply with
cross sections, elevations and grades as shown:

1.  Where rock or concrete spoil is encountered, aaxpavation 18" below subgrade and
backfill with suitable material approved by the A/E

J. Excavation for Trenches: Dig trenches to the unifevidth required for particular item to be
installed with ample working room.

1. Excavate trenches to depth, lines, gradients, Eavaiions indicated or required. Carry
depth of trenches for piping to establish indicdted lines and invert elevations.
Beyond building perimeter, keep bottoms of trenchéficiently below finish grade to
avoid freeze ups.

2. Where rock is encountered, carry excavation 6"\wetmuired elevation and backfill
with a 6" layer of crushed stone or gravel priomstallation of pipe.

3. Grade bottoms of trenches as indicated, notchinigupipe bells to provide solid bearing
for entire body of pipe.

a. For pipes and conduit less than 6 inches in nondizetheter and flat-bottomed,
multiple-duct conduit units, hand-excavate trenotidims and support pipe and
conduit on an undisturbed subgrade.

b. For pipes and conduit 6 inches or larger in nomilianeter, shape bottom of
trench to support bottom 90 degrees of pipe ciremenfce. Fill depressions with
tamped sand backfill.

4, Backfill trenches with concrete where trench extiang pass within 18" of column or
wall footings and which are carried below bottonso€h footings, or which pass under
wall footings. Place concrete to level of bottohadjacent footing. Concrete is
specified in Division 3.

5. Do not backfill trenches until tests and inspedibave been made and backfilling
authorized by A/E. Use care in backfilling to adiamage or displacement of pipe
systems.

K.  Cold Weather Protection: Protect excavation bostagrainst freezing when atmospheric
temperature is less than 35 degrees F. (1 degjee C.

L. Ground Surface Preparation (Structural and Paveareas):
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3.3

D.

1. The existing ground surface in the structural azkement areas shall be stripped of
topsoil, root mat, existing pavements, unsatisfgcsoils, concrete spoil, obstructions
and deleterious material. Base course material fie existing pavements may remain
if approved by the A/E. The entire area shall prolled, a minimum of four (4)
passes, with a loaded dump truck with a minimune $odd of 10 tons in the presence of
the soils engineer. Soft spots identified by thé#sIEngineer during proofrolling will be
undercut and backfilled in accordance with Sec8igh Proofrolling and compaction
equipment shall meet the requirements of Secti®3. Undercutting and backfilling
operations for eliminating soft spots above thegsatie elevation shall be included in the
base bid.

2. In cut areas, prior to the construction of pavingancrete slab on grade, the entire
subgrade shall be proofrolled in the presenceefihils Engineer. Soft areas
encountered during proofrolling shall be underawt backfilled in accordance with
section 3.4. Proofrolling and compaction equipnsirall be in compliance with Section
3.3 D. The cost of undercutting and backfillingab the subgrade elevation shall be
included in the base bid.

Earthwork Quantities:

1. Contractor shall be responsible for determininghseark quantities for the
completion of the work.

COMPACTION

General: Control soil compaction during construetproviding percentage of dry density
specified for each area classification.

Percentage of Maximum Density Requirements: Cotrgazitto not less than the following
percentages of the maximum dry density which ismeined in accordance with ASTM D
1557, or in accordance with ASTM D 2049 for soilsieth will not exhibit a well defined
moisture density relationship.

1. Structural, pavement and walkway areas, steps t#itgl renches - 95% of the
maximum dry density.

2. Lawn areas outside the designated structuralifiilit4 — minimum compaction 90% of
the maximum dry density.

Moisture Control: Obtaining a uniformly high degref compaction requires control over the
moisture content of the material being placed @filtls and backfill. The soils used in fill and
backfill shall be brought to within 3% of optimunoisture at no additional cost to the Owner.

1.  Where the soil layer is too dry, the Contractoilsigaply water uniformly using
approved equipment to increase the moisture cotaesithin 3% of the optimum, taking
precautions to prevent free water from appearinthersurface during or subsequent to
compaction operations.

2. Where the soil layer is too wet, the Contractoligirst the soils by plowing or discing to
aerate the soil and reduce the moisture contesithin 3% of the optimum.

Compaction equipment shall be as required to campte scope of work outlined in the
geotechnical report, contract documents and spatidins for this project.
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3.4 BACKFILL AND FILL

A.  General: Place acceptable soil material in lagetsnore than eight (8) inches in thickness to
required subgrade elevations, for each area dlzatsiin listed below. Each layer shall be
compacted to the requirements of Section 3.3B.

1.

2.

3.

4.

5.

Fill and backfill within building and pavement litsiand in utility trenches shall be
structural fill soils meeting the requirements etfon 2.1.A.

Under lawn areas outside the designated strudiliahits, backfill and fill soils shall

be soils meeting the requirements of Section 2.dtAther on site materials approved by
the Geotechnical Engineer.

Fill and backfill located below walkways and stapall be constructed of structural fill
soils meeting the requirements of Section 2.1.A.

Drainage fill material shall be proof rolled to miform stable condition prior to
placement of vapor retarder.

Stone base course shall be compacted to 95% maxianudensity per ASTM D-1557.

B. Backfill excavations as promptly as work permitst bot until completion of the following:

1.

Nogarwh

Acceptance of construction below finish grade idalg, where applicable, subdrainage
damp proofing, waterproofing, and perimeter insatat

Concrete and masonry have cured 28 days and isiaidbygbraced.

Inspection, testing, approval, and recording lacetiof underground utilities.

Removal of concrete formwork.

Removal of trash and debris.

Removing temporary shoring and bracing, and shgetin

Installing permanent or temporary horizontal brgan horizontally supported walls.

C. Ground surface preparation: Shall be in accordaniteSection 3.2K.

1.

When existing ground surface has density lesstttearspecified under Section 3.3B for
particular area classification, break up groundasar, pulverize, moisture condition to
optimum moisture content, and compact to requiegatidand percentage of maximum
dry density.

D. Placement and Compaction: Place backfill andvfdkerials in layers not more than 8" in loose
depth, for material compacted by heavy compacttpnpament and not more than 4" in loose
depth for material compacted by hand operated tesnpe

1.

Before compaction, moisten or aerate each layeragsbe necessary to provide optimum
moisture content. Compact each layer to requisgdgmtage of maximum dry density

for each classification. Do not place backfillfiirmaterial on surfaces that are muddy,
frozen, or contain frost or ice.

Place backfill and fill materials evenly adjacemstructures, to required elevations.

Take care to prevent wedging action of backfillingbstructures by carrying material
uniformly around structure to approximately sarmevation in each lift.

Structural fill shall extend a minimum of five (et beyond building and road pavement
limits and shall include the support slopes torthdl width.
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4, Backfilling against pipe structures, whose joimgdlve the use of cement mortar or
other concrete, or where buttresses are constrstta not be done until mortar has set
at least 12 hours.

5. Compaction over one foot above the pipe shall meddth approved mechanical
tampers. Compaction density shall be as spediii&®ction 3.3.

E.  Utility trench backfill

1. Place and compact initial backfill of subbase maleiree of particles larger than 1 inch,
to a height of 12 inches over the utility pipe onduit. Carefully compact material
under pipe haunches and bring backfill evenly upath sides and along the full length
of utility piping or conduit to avoid damage or gliscement of utility system.

2. Coordinate backfilling with utilities testing.

3. Provide 4-inch thick, concrete-base slab suppaonpifaing or conduit less than 30 inches
below surface of roadways. After installing anstitey, completely encase piping or
conduit in a minimum of 4 inches of concrete betamaekfilling or placing roadway
subbase.

4, Fill voids with approved backfill materials whilbaring, bracing, and sheeting is

removed.

Place and compact final backfill of satisfactoril smaterial to final subgrade.

Install warning tape directly above utilities, IZhes below finished grade, except 6

inches below subgrade under pavements and slabs.

o u

3.5 ROUGH GRADING

A.  General: Uniformly grade areas within limits o&ding under this section, including adjacent
transition areas. Smooth finished surfaces wittsigd tolerances, compact with uniform
levels or slopes between points where elevatiomstaown, or between such points and existing
grades. In fill areas, sloped surfaces steeperit#orizontal to 1 vertical shall be benched so
that fill materials will be placed on a level suda All fill subgrades shall be observed by the
Geotechnical Engineer.

B. Grading Outside Building Lines: Grade areas adjattebuilding lines to drain away from
structures and to prevent ponding. Finish surféeesfrom irregular surface changes, and as
follows:

1. Lawn or Unpaved Areas: Finish areas to receivedibpo within not more than 2™
above or below required subgrade elevations.

2. Walks: Shape surface or areas under walks todimele and cross section, with finish
surface not more than .04' above or below requitddirade elevation.

3. Pavements: Shape surface areas under pavemard,tgrade and cross section, with
finish surface not more than .04' for bituminoudaees and 08' for stone surfaces, above
or below required subgrade elevation.

C. Grading Surface or Fill Under Building Slabs: Gzamnooth and even, free of voids,
compacted as specified, and to required elevat®iovide final grades within a tolerance of
.02"' when tested with a 10' straightedge.

3.6 BUILDING SLAB BASE COURSE
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A.

3.7

3.8

3.9

A.

3.10

General: Slab base course consists of placemelntimfage fill or stone base course material,
in layers of indicated thickness, over subgradéasarto support concrete building slabs.

Placing: Place slab base course on prepared siébgrdayers of uniform thickness,
conforming to indicate cross section and thicknédaintain optimum moisture content for
compacting material during placement operations.

1. When a compacted drainage course is shown to tiedk'or less, place material in a
single layer. Where shown to be more than 6" thitkce material in equal layers, except
no single layers more than 6" or less than 3" ickitess when compacted.

Any ruts or soft yielding spots which may occuraoly areas having inadequate compaction or
deviations from the requirements set forth herbailde corrected by removing and adding
uniformly graded crushed stone or by looseningtedgravel, reshaping and recompacting.
The subgrade shall have a uniform density through®entire depth and width and shall be
approved by the A/E prior to pouring any concrete.

Following this preparation, the subgrade shall tmtgeted from damage as described below:

1. The subgrade shall be protected from damage byyHeauds or equipment moving on
tracks or cleats.

2. The contractor shall at all times keep the subgdxdmed.

3. No concrete shall be deposited upon a frozen sdbgrar, until the subgrade has been
approved by the A/E.

4, Immediately in advance of placing concrete, thegsatie shall be sprinklered with as
much water as it can readily absorb.

FINISH GRADING & PLACING TOPSOIL

Refer to Specification Section 329200 — “Turf anch€3es”

MAINTENANCE

Protection of graded areas: Protect newly gradeasarom traffic and erosion. Keep free of
trash and debris. Repair and re establish gradestiled, eroded and rutted areas to specified
tolerances.

Reconditioning compacted areas: Where completegpaoted areas are disturbed by
subsequent construction operations or adverse emeaitarify surface, reshape, and compact to

required density prior to further construction.

Restore areas previously occupied by stockpile@riads to match finished condition of the
remainder of the work.

APPLICATION OF SOIL TREATMENT
Refer to Section 313116 Termite control

DISPOSAL OF EXCESS AND WASTE MATERIALS
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A.

3.11

3.12

3.13

Removal from Owner's Property: Remove waste naeincluding trash, debris, and
unsuitable and excess excavated material, andstisgfaff Owner's property.

FIELD QUALITY CONTROL — SOILS

Quiality Control Testing During Construction: Allaesting service to inspect and approve
subgrades and fill layers before further constactvork is performed.

1. Perform field density tests in accordance with ASIDM556 (sand cone method) or
ASTM D 2922 and D-3017(shallow depth nuclear methad applicable.

2. Paved Areas and Building Slab Subgrade: Makeaat lene field density test of
subgrade for every 2,000 sq. ft. of paved areauiddibg slab area, but in no case less
than 3 tests. In each compacted fill layer, makefaid density test for every 2,000 sq.
ft. of overlaying building slab or paved area, ibouho case less than 2 tests. Field
density tests shall be made at all walkway entraacel ramps into the proposed
building.

3. Foundation Wall Backfill: Take enough field degdiésts to ensure backfill is being
properly compacted.

4, Utility Trench Backfill: Perform field density teéson a spot-check basis to assist the
Contractor in determining if compaction is in aatamce with the specifications.

5. If in opinion of A/E, based on testing service mep@nd inspection, subgrade or fills
which have been placed are below specified dermibyide additional compaction and
testing at no additional expense.

6. Footing Subgrade: For each strata of soil on wfadtings will be placed, conduct at
least one test to verify required design bearingactdies. Subsequent evaluation and
approval of each footing subgrade should be peddrby Geotechnical Testing Agency.

7. Costs of testing and inspection shall be bornenbyGontractor.

FIELD QUALITY CONTROL - SOIL TREATMENTS

Pay costs for required testing of termite contratenials. Samples shall be taken and analyzed
by an independent testing laboratory.

Sampling: Test one sample of working solutiongach 10,000 square feet of area applied.
Take samples from discharge end of spraying equipfoe each batch mixed and applied if
less than 10,000 square feet.

Retreating: Retreat all areas if the test reslesage less than 90 percent of listed minimum
concentration.

TESTING AND INSPECTION

INSPECTION AGENCY: Contractor will employ an Indapent Testing agency for purposes
of inspecting and testing construction of embanksdiils, backfills, trenches, and subgrades
and report to the A/E conformance in all particsiftar specification requirements.

Scheduling:

1.  Assign qualified personnel to be on site at alesmvhen operations are scheduled.
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2. The Contractor should note that no earthwork opmrathall be permitted in their
absence.

C. Responsibilities:

Evaluation of subgrade preparation and suitability.

Moisture content and field density tests on alklzyof fill and backfill material placed.
Evaluation of degree of compaction attained fofithland backfill material placed.
Testing and evaluation of borrow material.

Sources of borrow and of select fill.

Footing subgrade suitability.

Inspection of installation of Subdrainage system.

NookrwhpE

D. Results of Tests:

1. Make results available to the Soils Engineer artel ikimediately upon completion of
areas of layers.

E. Final Report: The Inspection Agency shall prepaveitien report that summarizes the work
inspected during the course of the project. A dismn of all deviations from the contract
documents and specifications, with their relateddot on the final construction, shall be
described in detail. The engineer of record sleafilaw this final report, and recommend
corrective measures (as deemed necessary) thabmuosiade prior to final acceptance of the
work. Prior to final payment, a written report @gihg that the work meets the requirements of
the contract documents, specifications, and alegung agencies shall be prepared, submitted,
and approved by the A/E.

END OF SECTION 312000
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SECTION 313116 - TERMITE CONTROL

PART 1 - GENERAL

11

A.

1.2

1.3

1.4

SUMMARY
Section Includes:

1. Soil treatment with termiticide.

ACTION SUBMITTALS

Product Data: For each type of product indicatddclude the EPA-Registered Label for
termiticide products.

INFORMATIONAL SUBMITTALS
Product certificates.
Soil Treatment Application Report: Include thddaling:

Date and time of application.

Moisture content of soil before application.
Termiticide brand name and manufacturer.

Quantity of undiluted termiticide used.

Dilutions, methods, volumes used, and rates oficgupbn.
Areas of application.

Water source for application.

Noo,rwNE

Warranties: Sample of special warranties.

QUALITY ASSURANCE

Installer Qualifications: A specialist who is lit=d according to regulations of authorities
having jurisdiction to apply termite control treamt and products in jurisdiction where Project
is located and who employs workers trained and amat by manufacturer to install
manufacturer's products.

Regulatory Requirements: Formulate and apply tarités and termiticide devices according
to the EPA-Registered Label.

Preinstallation Conference: Conduct conferenderaject site.
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1.5

A.

1.6

1.7

PROJECT CONDITIONS

Environmental Limitations: To ensure penetratida, not treat soil that is water saturated or
frozen. Do not treat soil while precipitation iscarring. Comply with requirements of the
EPA-Registered Label and requirements of autherhigeving jurisdiction.

Coordinate soil treatment application with excawgti filling, grading, and concreting
operations. Treat soil under footings, grade beaamsl ground-supported slabs before
construction.

WARRANTY

Soil Treatment Special Warranty: Manufacturerandard form, signed by Applicator and
Contractor, certifying that termite control worlansisting of applied soil termiticide treatment,
will prevent infestation of subterranean termitéssubterranean termite activity or damage is
discovered during warranty period, re-treat sod agpair or replace damage caused by termite
infestation.

1.  Warranty Period: Five years from date of Substhi@ompletion.

Wood Treatment Special Warranty: Manufacturemdard form, signed by Applicator and
Contractor, certifying that termite control workprssisting of applied wood termiticide
treatment, will prevent infestation of subterranéamites. If subterranean termite damage is
discovered during warranty period, repair or repldamage caused by termite infestation and
treat replacement wood.

1.  Warranty Period: 12 years from date of Substa@@hpletion.

MAINTENANCE SERVICE

Continuing Service: Beginning at Substantial Caatiph, provide 12 months' continuing

service including monitoring, inspection, and reatment for occurrences of termite activity.
Provide a standard continuing service agreemetdte Services, obligations, conditions, terms
for agreement period, and terms for future reneypébns.

PART 2 - PRODUCTS

2.1

SOIL TREATMENT

Termiticide:  Provide an EPA-Registered termitigideomplying with requirements of
authorities having jurisdiction, in an aqueous gotuformulated to prevent termite infestation.
Provide quantity required for application at thddhvolume and rate for the maximum
termiticide concentration allowed for each spedifse, according to product's EPA-Registered
Label.
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1. Products: Subject to compliance with requiremeatsilable products that may be
incorporated into the Work include, but are nofitéd to, the following:

BASF Corporation, Agricultural Products; Termidor.
Bayer Environmental Science; Premise 75.

FMC Corporation, Agricultural Products Group; DragfT.
Syngenta; Demon TC.

aoow

2. Service Life of Treatment: Soil treatment terniites that is effective for not less than
five years against infestation of subterraneaniteen

PART 3 - EXECUTION

3.1

3.2

APPLICATION, GENERAL

General: Comply with the most stringent requiretsesf authorities having jurisdiction and
with manufacturer's EPA-Registered Label for prasluc

APPLYING SOIL TREATMENT

Examine substrates, areas, and conditions, withliégipr present, for compliance with
requirements for moisture content of soil per téioigie label requirements, interfaces with
earthwork, slab and foundation work, landscapintjityu installation, and other conditions
affecting performance of termite control.

Proceed with application only after unsatisfactoopditions have been corrected.

Soil Treatment Preparation: Remove foreign matter impermeable soil materials that could
decrease treatment effectiveness on areas to &tdre Loosen, rake, and level soil to be
treated except previously compacted areas undbs @lad footings. Termiticides may be
applied before placing compacted fill under slabbsecommended in writing by termiticide

manufacturer.

1. Fit filling hose connected to water source at tlie svith a backflow preventer,
complying with requirements of authorities havinggdiction.

Application: Mix soil treatment termiticide solati to a uniform consistency. Provide quantity
required for application at the label volume arte far the maximum specified concentration of
termiticide, according to manufacturer's EPA-Registl Label, to the following so that a
continuous horizontal and vertical termiticidal i@ or treated zone is established around and
under building construction. Distribute treatmewénly.

1. Slabs-on-Grade and Basement Slabs: Under groymbeed slab construction,
including footings, building slabs, and attacheabslas an overall treatment. Treat soil
materials before concrete footings and slabs aeepl

TERMITE CONTROL 31311¢- 3



DTCC Powerplant Education Facility BMG Project Nogn 2012112.00
Sussex County Airport & Industrial Park Novemb@r 2012
Delaware Technical Community College

Owens Campus, Georgetown, Delaware

2. Foundations: Adjacent soil, including soil alohg Eentire inside perimeter of foundation
walls; along both sides of interior partition wallround plumbing pipes and electric
conduit penetrating the slab; around interior caluimoters, piers, and chimney bases;
and along the entire outside perimeter, from gred&ottom of footing. Avoid soil
washout around footings.

3. Penetrations: At expansion joints, control jointgg)d areas where slabs will be
penetrated.

E. Avoid disturbance of treated soil after applicatidteep off treated areas until completely dry.

F. Protect termiticide solution, dispersed in treaeils and fills, from being diluted until ground-
supported slabs are installed. Use waterproofidsaaccording to EPA-Registered Label
instructions.

G. Post warning signs in areas of application.

H. Reapply soil treatment solution to areas disturisd subsequent excavation, grading,

landscaping, or other construction activities failog application.

END OF SECTION 313116
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SECTION 315000 - EXCAVATION SUPPORT AND PROTECTION

PART 1- GENERAL

11

12

13

14

15

A.

SUMMARY

Section includes temporary excavation support and protection systems.

PERFORMANCE REQUIREMENTS

Furnish, install, monitor, and maintain excavation support and protection system capable of
supporting excavation sidewalls and of resisting soil and hydrostatic pressure and superimposed
and construction loads.

1 Delegated Design: Design excavation support and protection system, including
comprehensive engineering analysis by a qualified professiona engineer, using
performance requirements and design criteriaindicated.

ACTION SUBMITTALS

Shop Drawings: For excavation support and protection system.

Delegated-Design Submittal: For excavation support and protection system indicated to comply
with performance requirements and design criteria, including analysis data signed and sealed by
the qualified professional engineer responsible for their preparation.

QUALITY ASSURANCE

Preinstallation Conference: Conduct conference at Project site.

PROJECT CONDITIONS

Survey Work: Engage a qualified land surveyor or professiona engineer to survey adjacent
existing buildings, structures, and site improvements; establish exact elevations at fixed points
to act as benchmarks. Clearly identify benchmarks and record existing € evations.

1 During installation of excavation support and protection systems, regularly resurvey
benchmarks, maintaining an accurate log of surveyed €eevations and positions for
comparison with original elevations and positions. Promptly notify Architect if changes
in elevations or positions occur or if cracks, sags, or other damage is evident in adjacent
construction.
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PART 2 - PRODUCTS

21

A.

B.

C.

D.

MATERIALS

Genera: Provide materialsthat are either new or in serviceable condition.

Structural Steel: ASTM A 36/A 36M, ASTM A 690/A 690M, or ASTM A 992/A 992M.
Cast-in-Place Concrete: ACI 301, of compressive strength required for application.

Reinforcing Bars: ASTM A 615/A 615M, Grade 60 (Grade 420), deformed.

PART 3 - EXECUTION

31

A.

3.2

A.

B.

INSTALLATION

Bracing: Locate bracing to clear columns, floor framing construction, and other permanent
work. If necessary to move brace, instal new bracing before removing origina brace.

1 Do not place bracing where it will be cast into or included in permanent concrete work
unless otherwise approved by Architect.

2. Install internal bracing, if required, to prevent spreading or distortion of braced frames.

3. Maintain bracing until structural elements are supported by other bracing or until
permanent construction is able to withstand lateral earth and hydrostatic pressures.

REMOVAL AND REPAIRS
Remove excavation support and protection systems when construction has progressed
sufficiently to support excavation and bear soil and hydrostatic pressures. Remove in stages to

avoid disturbing underlying soils or damaging structures, pavements, facilities, and utilities.

1 Remove excavation support and protection systems to a minimum depth of 48 inches
(1200 mm) below overlaying construction and abandon remainder.

Leave excavation support and protection systems permanently in place.

END OF SECTION 315000
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SECTION 321216 - ASPHALT PAVING

PART 1 - GENERAL

11

A.

1.2

1.3

1.4

1.5

C.

RELATED DOCUMENTS

Drawings and general provisions of the Contractlusing General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY
This Section includes the following:

Hot-mix asphalt paving.

Hot-mix asphalt patching.

Hot-mix asphalt paving overlay.

Asphalt surface treatments.

Pavement-marking paint.

Cold milling of existing hot-mix asphalt pavement.

ouhrwnhE

Related Sections include the following:

1. Division 31 Section "Earth Moving" for aggregatebbase and base courses and for
aggregate pavement shoulders.

DEFINITIONS

Hot-Mix Asphalt Paving Terminology: Refer to ASTM8 for definitions of terms.

DOT: Delaware Department of Transportation.

SYSTEM DESCRIPTION

Provide hot-mix asphalt paving according to matgriaorkmanship, and other applicable

requirements of Specifications for road and Bridgmstruction of the Delaware Department of

Transportation.

1. Standard Specification: Division 400

2. Measurement and payment provisions and safety gnogubmittals included in standard
specifications do not apply to this Section.

SUBMITTALS

Product Data: For each type of product indicatéttlude technical data and tested physical
and performance properties.

Job-Mix Designs: Certification, by authorities hayjurisdiction, of approval of each job mix
proposed for the Work.

Job-Mix Designs: For each job mix proposed for\tfark.
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D. Qualification Data: For manufacturer.

E. Material Test Reports: For each paving material.

F. Material Certificates: For each paving materiggned by manufacturers.
1.6 QUALITY ASSURANCE

A.  Manufacturer Qualifications: A qualified manufastu

1. Manufacturer shall be a paving-mix manufactureristeged with and approved by
authorities having jurisdiction or the DOT of thats in which Project is located.

B. Testing Agency Qualifications: Qualified accordittgASTM D 3666 for testing indicated, as
documented according to ASTM E 548.

C. Regulatory Requirements: Comply with Delaware Depant of Transportation Specifications
for Road and Bridge Construction for asphalt pavirmgk. All work within DelDOT Right of
Way shall conform to the Delaware Department on$pmrtation Specifications for Road and
Bridge Construction.

D. Asphalt-Paving Publication: Comply with Al MS-22Construction of Hot Mix Asphalt
Pavements," unless more stringent requirementisdieated.

E. Preinstallation Conference: Conduct conferenderafect site to comply with requirements in
Division 01 Section "Project Management and Coatiim."

F. Preinstallation Conference: Conduct conferenderaject site to comply with requirements in
Division 01 Section "Project Management and Coatiim." Review methods and procedures
related to hot-mix asphalt paving including, but lmited to, the following:

1. Review proposed sources of paving materials, inctpdapabilities and location of plant
that will manufacture hot-mix asphalt.

2. Review condition of subgrade and preparatory work.

3 Review requirements for protecting paving work,luéng restriction of traffic during
installation period and for remainder of constroictperiod.

4, Review and finalize construction schedule and yeifailability of materials, Installer's
personnel, equipment, and facilities needed to matgress and avoid delays.

1.7 DELIVERY, STORAGE, AND HANDLING
A. Deliver pavement-marking materials to Project giteoriginal packages with seals unbroken
and bearing manufacturer's labels containing braathe and type of material, date of

manufacture, and directions for storage.

B. Store pavement-marking materials in a clean, dmytegeted location within temperature range
required by manufacturer. Protect stored mateftiala direct sunlight.
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1.8

A.

PROJECT CONDITIONS

Environmental Limitations: Do not apply asphaltter&ls if subgrade is wet or excessively
damp. Adhere to all specifications in Delaware &&pent of Transportation Specifications for
Road and Bridge Construction.

Pavement-Marking Paint: Proceed with pavement imgr&nly on clean, dry surfaces and at
minimum ambient or surface temperatures specifiadthe Delaware Department of
Transportation Specifications for Road and Bridga&ruction.

PART 2 - PRODUCTS

2.1

2.2

MATERIALS

Materials: All materials used under this sectibalsconform to the requirements of Delaware
Department of Transportation Specifications for aad Bridge Construction, including, but
not limited to: graded aggregate, asphalt cemewtiack coat.

Herbicide Treatment: Commercial chemical for weenhtml, registered by Environmental
Protection Agency. Provide granular, liquid or tabte powder form. Obtain written approval
from the Maryland Department of the Environmenbpto application of the herbicide.

1. Manufacturers: Subject to compliance with requigats, provide products of one of the
following:

Ciba-Geigy Corp.

Dow Chemical, USA

E.l. Du Pont de Nemours & Co., Inc.
FMC Corp

Thompson-Hayward Chemical Co.
U.S. Borax and Chemical Corp.
Allied Chemical Corp.

Ag-Chem Products, Inc.

e

Lane Marking Paint: Paint shall comply with Diviai 700 of the Delaware Department of
Transportation Specifications for Road and Bridga&ruction.

1. Color: White
2. Color: Yellow
3. Color: Blue

Joint Sealants:  Joint Sealants shall comply witlaldare Department of Transportation
Specifications for Road and Bridge Constructioryigdons 700 & 800.

MIXES
Hot-Mix Asphalt: Provide Plant Mixed, hot-laid, fmalt-aggregate mixture complying with

Delaware Department of Transportation Specificatidor Road and Bridge Construction,
Division 400 and referred Divisions.
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PART 3 - EXECUTION
3.1 SURFACE PREPARATION

A.  Verify that subgrade is dry and in suitable comditto support paving and imposed loads.
Sweep loose granular particles from surface of unbeaggregate base course. Do not
dislodge or disturb aggregate embedded in compactddce of base course.

B.  Proof-roll subbase using heavy, pneumatic-tireterslto locate areas that are unstable or that
require further compaction.

C. Herbicide Treatment: Apply herbicide accordingnianufacturer's recommended rates and
written application instructions. Apply to dry,gmared subgrade or surface of compacted-
aggregate base before applying paving materials.

1. Mix herbicide with if formulated by manufacturer filnat purpose.
2. Remove spillages and clean affected surfaces.

D. Proceed with paving only after unsatisfactory ctinds have been corrected.

E. Tack Coat: Apply to contact surfaces of previousbnstructed asphalt or Portland cement
concrete and surfaces abutting or projecting imdbrhixed asphalt pavement. Distribute at a
rate of 0.05 to 0.15 gal. Per sqg. yd. of surfacednordance Section 401 of the Delaware
Department of Transportation Specifications for Read Bridge Construction.

F.  Allow to dry until at proper condition to receivayng.

G. Exercise care in applying bituminous materials t@iéh smearing of adjoining concrete
surfaces. Remove and clean damaged surfaces.

3.2 COLD MILLING

A. Clean existing pavement surface of loose and dalete material immediately before cold
milling. Remove existing asphalt pavement by coidling to grades and cross sections
indicated.

Mill to a depth of as specified on plans.

Mill to a uniform finished surface free of gouggspoves, and ridges.

Control rate of milling to prevent tearing of exigt asphalt course.

Repair or replace curbs, manholes, and other aartigtn damaged during cold milling.
Excavate and trim unbound-aggregate base coursmcibuntered, and keep material
separate from milled hot-mix asphalt.

Transport milled hot-mix asphalt to asphalt reayglfacility.

Keep milled pavement surface free of loose matandl dust.

arwdE

No

3.3 PATCHING

A.  Hot-Mix Asphalt Pavement: Saw cut perimeter ofchatnd excavate existing pavement
section to sound base. Excavate rectangular pezmdal patches, extending 12 inches into
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3.4

adjacent sound pavement, unless otherwise indicaled excavation faces vertically. Remove
excavated material. Recompact existing unboundeagge base course to form new subgrade.

Portland Cement Concrete Pavement: Break crackdss and roll as required to reseat
concrete pieces firmly.

1. Pump hot undersealing asphalt under rocking slabbkslab is stabilized or, if necessary,
crack slab into pieces and roll to reseat piecedyi

2. Remove disintegrated or badly cracked pavementca¥ate rectangular or trapezoidal
patches, extending into adjacent sound pavemenéssirotherwise indicated. Cut
excavation faces vertically. Recompact existingaund-aggregate base course to form
new subgrade.

Tack Coat: Apply uniformly to vertical surfacesufting or projecting into new, hot-mix
asphalt paving at a rate of 0.05 to 0.15 gal./dq. y

1.  Allow tack coat to cure undisturbed before applyirag-mix asphalt paving.
2. Avoid smearing or staining adjoining surfaces, apmances, and surroundings.
Remove spillages and clean affected surfaces.

Patching: Fill excavated pavements with hot-mitadt base mix and, while still hot, compact
flush with adjacent surface.

Patching: Partially fill excavated pavements with-mix asphalt base mix and, while still hot,
compact. Cover asphalt base course with compaleteenix surface layer finished flush with
adjacent surfaces.

REPAIRS

Leveling Course: Install and compact leveling seuconsisting of hot-mix asphalt surface
course to level sags and fill depressions deejer thinch in existing pavements.

1. Install leveling wedges in compacted lifts not eedieg 3 inches thick.

Crack and Joint Filling: Remove existing jointdil material from cracks or joints to a depth of
1/4 inch.

1. Clean cracks and joints in existing hot-mix asppaltement.

2. All cracks greater than 178nch but less than 1/2 inch shall be cleaned degth of 1
inch and sealed with hot bitumastic sealer.

3.  All cracks greater than 1/2 inch shall be sealédgua slurry seal containing fine sand
aggregate. Fill flush with surface of existing pment and remove excess.

4, Longitudinal cracks shall be sealed using a pavémerair membrane such as paveprep
or equal as noted on the construction plans.
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3.5

A.

3.6

3.7

HOT-MIX ASPHALT PLACING

Machine place hot-mix asphalt on prepared surfapegad uniformly, and strike off. Place
asphalt mix by hand to areas inaccessible to eqnpim a manner that prevents segregation of
mix. Place each course to required grade, cras®meeand thickness when compacted.

Place hot-mix asphalt base course in number sfdifid thicknesses indicated.

Place hot-mix asphalt surface course in single lift

Spread mix at minimum temperature of 225 deg F.

Begin applying mix along centerline of crown foowmned sections and on high side of
one-way slopes, unless otherwise indicated.

Regulate paver machine speed to obtain smoothjncanis surface free of pulls and
tears in asphalt-paving mat.

PN pE

o

Place paving in consecutive strips not less thafe@bwide unless infill edge strips of a lesser
width are required.

1.  After first strip has been placed and rolled, plageceeding strips and extend rolling to
overlap previous strips. Complete a section ohakase course before placing asphalt
surface course.

Immediately correct surface irregularities in pavieourse behind paver. Use suitable hand
tools to remove excess material forming high spdtill depressions with hot-mix asphalt to
prevent segregation of mix; use suitable hand tmotsnooth surface.

JOINTS

Construct joints to ensure a continuous bond betwasjoining paving sections. Construct
joints free of depressions with same texture andothmess as other sections of hot-mix asphalt
course. Joints shall comply with Delaware DepartmanTransportation Specifications for
Road and Bridge Construction, Section 401.12.

Clean contact surfaces and apply tack coat togoint

Offset longitudinal joints, in successive coursesinimum of 6 inches.

Offset transverse joints, in successive coursesnanum of 24 inches.

Construct transverse joints as described in Al S*Zonstruction of Hot Mix Asphalt
Pavements."

Compact joints as soon as hot-mix asphalt will bedlier weight without excessive
displacement.

6. Compact asphalt at joints to a density within Zpat of specified course density.

el N

o

COMPACTION

General: Begin compaction as soon as placed hopmiing will bear roller weight without
excessive displacement. Compact hot-mix pavindp Wist, hand tampers or vibratory-plate
compactors in areas inaccessible to rollers.

1. Complete compaction before mix temperature cools8todeg F.
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B.

3.8

Breakdown Rolling: Complete breakdown or initialling immediately after rolling joints and
outside edge. Examine surface immediately afteakaown rolling for indicated crown, grade,
and smoothness. Correct laydown and rolling ofmerato comply with requirements.

Intermediate Rolling: Begin intermediate rollingrediately after breakdown rolling while
hot-mix asphalt is still hot enough to achieve gt density. Continue rolling until hot-mix
asphalt course has been uniformly compacted téotloeving density:

1. Average Density: 98 percent of reference laboyatatensity according to
AASHTO T 209, but not less than 96 percent nor tgrethan 100 percent.

2. Average Density: 92 percent of reference maximbeotetical density according to
ASTM D 2041, but not less than 90 percent nor gretiian 96 percent.

Finish Rolling: Finish roll paved surfaces to remmaoller marks while hot-mix asphalt is still
warm.

Edge Shaping: While surface is being compacted famshed, trim edges of pavement to
proper alignment. Bevel edges while asphalt stgit; compact thoroughly.

Repairs: Remove paved areas that are defectivmmaminated with foreign materials and
replace with fresh, hot-mix asphalt. Compact bifing to specified density and surface
smoothness.

Protection: After final rolling, do not permit viehlar traffic on pavement until it has cooled
and hardened.

Erect barricades to protect paving from trafficilumtixture has cooled enough not to become
marked.

INSTALLATION TOLERANCES

Thickness: Compact each course to produce th&ntess indicated within the following
tolerances:

1. Base Course: Plus or minus 1/2 inch.
2. Surface Course: Plus 1/4 inch, no minus.

Surface Smoothness: Compact each course to proalusgrface smoothness within the
following tolerances as determined by using a I@-fetraightedge applied transversely or
longitudinally to paved areas:

1. Base Course: 1/4 inch.

2. Surface Course: 1/8 inch.

3. Crowned Surfaces: Test with crowned template cedtand at right angle to crown.
Maximum allowable variance from template is 1/4hinc
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3.9

A.

3.10

3.11

PAVEMENT MARKING

Do not apply pavement-marking paint until layoubjats, and placement have been verified
with Architect.

Contractor shall provide striping on parking anddway surfaces as indicated on the plans.
The following is a list of all required striping:

Parking stalls.
Cross-hatch/gore areas.
Handicap Parking symbols.
Stop bars.

Directional arrows.

Lane lines.
Words/numbers.

NouohkwhpE

Allow paving to age for 30 days before startinggraent marking.
Sweep and clean surface to eliminate loose masanidust.

Apply paint with mechanical equipment to producevgmaent markings, of dimensions
indicated, with uniform, straight edges. Applynagnufacturer's recommended rates to provide
a minimum wet film thickness of 15 mils.

1. Broadcast glass spheres uniformly into wet pavemmearkings at a rate of 6 Ib/gal. for
all markings with the exception of parking statlds.

WHEEL STOPS

Securely attach wheel stops into pavement with les$s than two galvanized steel dowels
embedded at one-quarter to one-third points. ®gcinstall dowels into pavement and bond to
wheel stop. Recess head of dowel beneath top e¢hvgtop.

FIELD QUALITY CONTROL

Testing Agency: Contractor will engage a qualifiedependent testing and inspecting agency
to perform field tests and inspections and to prepest reports.

1. Testing agency will conduct and interpret tests atade in each report whether tested
Work complies with or deviates from specified reguients.

Additional testing and inspecting, at Contractagense, will be performed to determine
compliance of replaced or additional work with dfied requirements.

Thickness: In-place compacted thickness of hot-m$phalt courses will be determined
according to ASTM D 3549.

Surface Smoothness: Finished surface of each hotasphalt course will be tested for
compliance with smoothness tolerances.
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E. In-Place Density: Testing agency will take sampbfésuncompacted paving mixtures and
compacted pavement according to ASTM D 979 or AABHIT168.

1. Reference maximum theoretical density will be dateed by averaging results from
four samples of hot-mix asphalt-paving mixture deled daily to site, prepared
according to ASTM D 2041, and compacted accordijgh-mix specifications.

2. In-place density of compacted pavement will be mheiteed by testing core samples
according to ASTM D 1188 or ASTM D 2726.

a. One core sample will be taken for every 1000 sqoydess of installed pavement,
with no fewer than 3 cores taken.

b. Field density of in-place compacted pavement mag Ak determined by nuclear
method according to ASTM D 2950 and correlated wWRSTM D 1188 or
ASTM D 2726.

F. Remove and replace or install additional hot-mighadt where test results or measurements
indicate that it does not comply with specifieduiegments.

3.12 DISPOSAL

A.  Except for material indicated to be recycled, reenexcavated materials from Project site and
legally dispose of them in an EPA-approved landfill
1. Do not allow excavated materials to accumulateiten-s

END OF SECTION 321216
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SECTION 321313 - CONCRETE PAVING

PART 1 - GENERAL

11

A.

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contractlusing General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY
This Section includes exterior cement concrete ipave for the following:

Driveways and roadways.
Parking lots.

Curbs and gutters.
Walkways.

Unit paver base.

arLE

Related Sections include the following:

1. Division 03 Section "Cast-in-Place Concrete" forngel building applications of
concrete.
2. Division 31 Section "Earth Moving" for subgrade paeation, grading, and subbase
course.
3. Division 32 Section "Concrete Paving Joint Sealarfits joint sealants of joints in
concrete
pavement and at isolation joints of concrete pargrnwith adjacent construction.

DEFINITIONS

Cementitious Materials: Portland cement alonena@ambination with one or more of blended
hydraulic cement, fly ash and other pozzolans,gaodnd granulated blast-furnace slag.

SUBMITTALS

Product Data: For each type of manufactured natand product indicated.

Design Mixtures: For each concrete pavement maxtlinclude alternate mixture designs when
characteristics of materials, Project conditiongather, test results, or other circumstances
warrant adjustments.

Samples: 10-lbsample of exposed aggregate.

Qualification Data: For manufacturer. Manufactud ready-mixed concrete products
complying with ASTM C 94 requirements for productiacilities and equipment.

Material Test Reports: General contractor will &g a qualified testing agency for indicating
and interpreting test results for compliance offtiilowing with requirements indicated, based
on comprehensive testing of current materials:
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1.5

1. Aggregates. Include service record data indicatibgence of deleterious expansion of
concrete due to alkali-aggregate reactivity.

Material Certificates: Signed by manufacturerdify@mg that each of the following materials
complies with requirements:

Cementitious materials.

Steel reinforcement and reinforcement accessories.
Fiber reinforcement.

Admixtures.

Curing compounds.

Applied finish materials.

Bonding agent or epoxy adhesive.

Joint fillers.

PN~ WNE

Field quality-control test reports.

For plazas and wide walkways, submit control jejpécing plan for review.
Minutes of preinstallation conference.

QUALITY ASSURANCE

Manufacturer Qualifications: Manufacturer of readixed concrete products who complies
with ASTM C 94/C 94M requirements for productiorifdies and equipment.

1. Manufacturer certified according to NRMCA's "Cediftion of Ready Mixed Concrete
Production Facilities."

Testing Agency Qualifications: An independent axyequalified according to ASTM C 1077
and ASTM E 329 for testing indicated, as documeatambrding to ASTM E 548.

1. Personnel conducting field tests shall be qualifesd AClI Concrete Field Testing
Technician, Grade 1, according to ACI CP-01 orguivalent certification program.

ACI Publications: Comply with ACI 301, "Specifitah for Structural Concrete," unless
modified by requirements in the Contract Documents.

Concrete Testing Service: Engage a qualified ieddpnt testing agency to perform material
evaluation tests and to design concrete mixtures.

Mockups: Build mockups to verify selections madeder sample submittals and to
demonstrate aesthetic effects and set quality atdador materials and execution.

1. Build mockups of full-thickness sections of conerpawving to demonstrate typical joints;
surface finish, texture, and color; curing; anchdtad of workmanship.

2. Build mockups of concrete paving in the locatiord af the size indicated or, if not
indicated, build mockups where directed by Architared not less than 96 inches by 96
inches
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F.

1.6

A.

3.  Approval of mockups does not constitute approvaldefiations from the Contract
Documents contained in mockups unless Architectifpally approves such deviations
in writing.

4.  Approved mockups may become part of the completedkVif undisturbed at time of
Substantial Completion.

Preinstallation Conference: Conduct conferenderaject site to comply with requirements in
Division 01 Section "Project Management and Coatiim."

1. Before submitting design mixtures, review concre@vement mixture design and
examine procedures for ensuring quality of concretgerials and concrete pavement
construction practices. Require representativeduding the following, of each entity
directly concerned with concrete pavement, to dt@nference:

a. Contractor's superintendent.

b. Independent testing agency responsible for condestign mixtures.
c. Ready-mix concrete producer.

d. Concrete pavement subcontractor.

PROJECT CONDITIONS

Traffic Control: Maintain access for vehicular apddestrian traffic as required for other
construction activities.

PART 2 - PRODUCTS

2.1

A.

2.2

A.

MANUFACTURERS

In other Part 2 articles where titles below introgldists, the following requirements apply to
product selection:

1. Available Products: Subject to compliance withuiegments, products that may be
incorporated into the Work include, but are nofitéd to, products specified.

2. Products: Subject to compliance with requirememsyvide one of the products
specified.

3. Available Manufacturers: Subject to compliance hwiequirements, manufacturers
offering products that may be incorporated into Werk include, but are not limited to,
manufacturers specified.

4, Manufacturers: Subject to compliance with requigats, provide products by one of the
manufacturers specified.

FORMS

Form Materials: Plywood, metal, metal-framed plpdp or other approved panel-type
materials to provide full-depth, continuous, sthajgmooth exposed surfaces.

1. Use flexible or curved forms for curves with a ediLO0 feet or less.
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B.

2.3

O 0 W

m

Form-Release Agent: Commercially formulated foetease agent that will not bond with,
stain, or adversely affect concrete surfaces ant net impair subsequent treatments of
concrete surfaces.

STEEL REINFORCEMENT

Plain-Steel Welded Wire Reinforcement: ASTM A 18&hricated from as-drawn steel wire
into flat sheets.

Deformed-Steel Welded Wire Reinforcement: ASTM 3V 4flat sheet.
Epoxy-Coated Welded Wire Fabric: ASTM A 884/A 8848ass A, plain steel.
Reinforcing Bars: ASTM A 615/A 615M, Grade 60; aefied.

Galvanized Reinforcing Bars: ASTM A 767/A 767M,a6$ Il zinc coated, hot-dip galvanized
after fabrication and bending; with ASTM A 615/A5\, Grade 60 deformed bars.

Epoxy-Coated Reinforcing Bars: ASTM A 775/A 775M &STM A 934/A 934M; with
ASTM A 615/A 615M, Grade 60 deformed bars.

Steel Bar Mats: ASTM A 184/A 184M; with ASTM A 6/5615M, Grade 60, deformed bars;
assembled with clips.

Plain Steel Wire: ASTM A 82, as drawn.
Deformed-Steel Wire: ASTM A 496.
Epoxy-Coated-Steel Wire: ASTM A 884/A 884M, Classoated, plain.

Joint Dowel Bars: Plain steel bars, ASTM A 615/£681, Grade 60. Cut bars true to length
with ends square and free of burrs.

Epoxy-Coated Joint Dowel Bars: ASTM A 775/A 775Myith  ASTM A 615/A 615M,
Grade 60, plain steel bars.

Tie Bars: ASTM A 615/A 615M, Grade 60, deformed.

Bar Supports: Bolsters, chairs, spacers, and dingces for spacing, supporting, and fastening
reinforcing bars, welded wire reinforcement, andvels in place. Manufacture bar supports
according to CRSI's "Manual of Standard Practicetnf steel wire, plastic, or precast concrete
of greater compressive strength than concreteaaridllows:

1. Equip wire bar supports with sand plates or hotilborunners where base material will
not support chair legs.

2. For epoxy-coated reinforcement, use epoxy-coatedtioer dielectric-polymer-coated
wire bar supports.

Epoxy Repair Coating: Liquid two-part epoxy repaiating, compatible with epoxy coating on
reinforcement.
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P.

24

Zinc Repair Material: ASTM A 780.
CONCRETE MATERIALS

Materials: All materials including but not limited reinforcing materials, concrete materials,

concrete mix, admixtures, curing materials, traffaint and other related materials used under
this section shall conform to the requirementshaf Delaware Department of Transportation

Specifications for Road and Bridge ConstructionefedRences to a required class of concrete
shall correspond to the classes as shown in the 8t&elaware Department of Transportation

Specifications for Road and Bridge Constructioni§on 500 and Division 800.

Fly ash shall meet the approval of the ASTM C-6b8zpmlan Class F and may be used as a
partial substitute for cement when approved byAttahitect.

The concrete mix used in performing this work shalDelDOT Class “A” or DelDOT Class
“B” depending on the compressive strength showtherdetails and shall meet the approval of
the Architect.

The concrete temperature shall not exceed 90°F wlkénered to the job-site or at any time
prior to placement in the forms.

Type | - Portland Cement: Shall be used from Oatdbe¢hrough May 1 and when the air
temperature in the shade and away from artificegths above 70°F or less, or as directed by
the Architect.

Type Il - Portland Cement: Shall be used fromyMathrough October 1 and when the air tem-
perature in the shade and away from artificial iea@bove 70°F, or as directed by the Archi-
tect.

When approved by the Architect, Hi-Early strengtimerete may be used. Approval will be on
a case by case basis.

Exposed Aggregate: Selected, hard, and durablshedh free of materials with deleterious
reactivity to cement or that cause staining; fronsiagle source, with gap-graded coarse
aggregate as follows:

1.  Aggregate Sizes: 1/2 to 3/4 inch nominal.
2. Aggregate Source, Shape, and Color: Submit calompses for review by Architect and
owner

Water: ASTM C 94/C 94M.

Air-Entraining Admixture: ASTM C 260.

Chemical Admixtures: Admixtures may only be usehwprior approval by the Architect.
Provide admixtures certified by manufacturer tochenpatible with other admixtures and to

contain not more than 0.1 percent water-solubleride ions by mass of cementitious material.

1.  Water-Reducing Admixture: ASTM C 494/C 494M, Tyhe
2. Retarding Admixture: ASTM C 494/C 494M, Type B.
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3.  Water-Reducing and Retarding Admixture: ASTM C/4®494M, Type D.

4, High-Range, Water-Reducing Admixture: ASTM C 494/@1M, Type F.

5. High-Range, Water-Reducing and Retarding AdmixtureASTM C 494/C 494M,
Type G.

6. Plasticizing and Retarding Admixture: ASTM C 1027/017M, Type II.

2.5 FIBER REINFORCEMENT

A.  Synthetic Fiber: fibrillated polypropylene fibeemgineered and designed for use in concrete
pavement, complying with ASTM C 1116, Type IIl, 121-1/2 inches long.

1. Available Products:
a. Fibrillated Fibers:

1) Axim Concrete Technologies; Fibrasol F.

2) FORTA Corporation; Forta.

3) Euclid Chemical Company (The); Fiberstrand F.
4) Grace, W. R. & Co.--Conn.; Grace Fibers.

5) Sl Concrete Systems; Fibermesh.

2.6 CURING MATERIALS

A.  Absorptive Cover: AASHTO M 182, Class 2, burlaptbl made from jute or kenaf, weighing
approximately 9 0z./sq. yd. dry.

B. Moisture-Retaining Cover: ASTM C 171, polyethylefien or white burlap-polyethylene
sheet.

C. Water: Potable.

D. Evaporation Retarder. Waterborne, monomoleculiar fiorming; manufactured for application
to fresh concrete.

1. Available Products:

Axim Concrete Technologies; Cimfilm.
Burke by Edeco; BurkeFilm.
ChemMasters; Spray-Film.
Conspec Marketing & Manufacturing Co., Inc.; Aqlrafi
Dayton Superior Corporation; Sure Film.
Euclid Chemical Company (The); Eucobar.
Kaufman Products, Inc.; Vapor Aid.
Lambert Corporation; Lambco Skin.
L&M Construction Chemicals, Inc.; E-Con.
MBT Protection and Repair, ChemRex Inc.; Confilm.
Meadows, W. R., Inc.; Sealtight Evapre.
Metalcrete Industries; Waterhold.
. Nox-Crete Products Group, Kinsman Corporation; Mibmo
Sika Corporation, Inc.; SikaFilm.

S3TATTS@T0 20T
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E.

2.7

0. Symons Corporation; Finishing Aid.
p. Vexcon Chemicals, Inc.; Certi-Vex EnvioAssist.

White Waterborne Membrane-Forming Curing CompouA&TM C 309, Type 2, Class B.
1.  Available Products:

Anti-Hydro International, Inc.; AH Curing Compou#@ WP WB.
Burke by Edoco; Resin Emulsion White.
ChemMasters; Safe-Cure 2000.
Conspec Marketing & Manufacturing Co., Inc.; W.Bedi Cure.
Dayton Superior Corporation; Day-Chem White PigredrCure (J-10-W).
Euclid Chemical Company (The); Kurez VOX White Pimed.
Kaufman Products, Inc.; Thinfilm 450.
Lambert Corporation; Aqua Kure-White.
L&M Construction Chemicals, Inc.; L&M Cure R-2.
Meadows, W. R., Inc.; 1200-White.
Symons Corporation; Resi-Chem White.
Tamms Industries, Inc.; Horncure 200-W.

. Unitex; Hydro White.
Vexcon Chemicals, Inc.; Certi-Vex Enviocure Whit01

S3ITARTTI@ToQ0TR

RELATED MATERIALS

Expansion- and Isolation-Joint-Filler Strips: ASTML751, asphalt-saturated cellulosic fiber
or ASTM D 1752, cork or self-expanding cork.

Bonding Agent: ASTM C 1059, Type I, non-redispbls, acrylic emulsion or styrene
butadiene.

Epoxy Bonding Adhesive: ASTM C 881, two-componepbxy resin, capable of humid curing
and bonding to damp surfaces, of class suitableaflication temperature and of grade to
requirements, and as follows:

1. Types IV and V, load bearing, for bonding harderedfreshly mixed concrete to
hardened concrete.

Chemical Surface Retarder: (For exposed aggregaierete) Water-soluble, liquid-set retarder
with color dye, for horizontal concrete surface laggpion, capable of temporarily delaying final
hardening of concrete to a depth of 1/8 to 1/4.inch

1. Products:

Burke by Edeco; True Etch Surface Retarder.
ChemMasters; Exposee.

Conspec Marketing & Manufacturing Co., Inc.; Defay

Euclid Chemical Company (The); Surface Retarder S.
Kaufman Products, Inc.; Expose.

Metalcrete Industries; Surftard.

Nox-Crete Products Group, Kinsman Corporation; €&iébdx TA.

~Po0 T

@
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h. Scofield, L. M. Company; Lithotex.
i. Sika Corporation, Inc.; Rugasol-S.
j- Vexcon Chemicals, Inc.; Certi-Vex Envioset.

2.8 WHEEL STOPS
A. Wheel Stops: Solid, 3000 PSI concrete, precast.
1. Dowels: Galvanized steel, 3/4-inch diameter, Idkiminimum length.
2.9 ADA TRUNCATED DOMES

A. General: In-line replacable designed to be irmlalh a “wet set” condition. Units must
include anchors which allow replacement by remowintpred covers and bolts while leaving
anchors in place.

B. Materials: Homogenous glass and carbon reinforoatposite

UV stable and colorfast.

Resistant to slat and chemical staining per ASTWMLB & 1308.

Minimum Compressive and Tensile Strength of 288€iGand 11,600 psi respectively.
Must be able to handle load bearing capacity 000®,bs per AASHO —H20 with no
visible damage.

Color must be uniform throughout with no paint oating to provide color.

Dome geometry must comply with ADA regulations figtectable warnings at curb
ramps in diameter, height and spacing.

e

o u

C. Where installation on radius is shown, provide pteend scored units for installation without
gaps and piecemeal infills. Field cut rectangutats will not be acceptable.

D. Units shall be by ADA Solutions, Inc. or approveqlial.
2.10 CONCRETE MIXTURES
A.  The concrete mix used in performing this work shalDelDOT Class “A” or DelDOT Class
“B” depending on the compressive strength showtherdetails and shall meet the approval of

the Architect.

B. Prepare design mixtures, proportioned accordind\@ 301, for each type and strength of
normal-weight concrete determined by either lalmvyetrial mixes or field experience.

1. Use a qualified independent testing agency foramieg and reporting proposed concrete
mixture designs for the trial batch method.

C. Proportion mixtures to provide normal-weight conereith the following properties:
1. Compressive Strength (28 Days): 4000 psi or 3@00depending on location

2. Maximum Water-Cementitious Materials Ratio at PofhPlacement: 0.50.
3. Slump Limit: 2-5, plus or minus 1 inch.
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D.

211

Add air-entraining admixture at manufacturer's priéed rate to result in normal-weight
concrete at point of placement having an air cdrasriollows:

1. Air Content: 6 percent plus or minus 1.5 percentlfinch nominal maximum aggregate
size.

Limit water-soluble, chloride-ion content in hardenconcrete to 0.15 percent by weight of
cement.

Chemical Admixtures: Use admixtures according gmuofacturer's written instructions.

1. Use water-reducing admixture, plasticizing and roey admixture in concrete, as
required, for placement and workability.

2. Use water-reducing and retarding admixture whemired by high temperatures, low
humidity, or other adverse placement conditions.

Cementitious Materials: Limit percentage, by wejighf cementitious materials other than
portland cement according to ACI 301 requiremeatscbncrete exposed to deicing chemicals.
Limits shall be as follows per DelDOT requirements:

1. Fly Ash or Pozzolan: 25 percent.

2. Ground Granulated Blast-Furnace Slag: 50 percent.

3. Combined Fly Ash or Pozzolan, and Ground GranulBledt-Furnace Slag: 50 percent,
with fly ash or pozzolan not exceeding 25 percent.

Synthetic Fiber: Uniformly disperse in concretexrat manufacturer's recommended rate, but
not less than 1.0 Ib/cu. yd..

CONCRETE MIXING

Ready-Mixed Concrete: Measure, batch, and mix r@anaterials and concrete according to
ASTM C 94/C 94M and ASTM C 1116 where synthetiefiare noted on the plans. Furnish
batch certificates for each batch discharged aad irsthe Work.

1.  When air temperature is between 85 deg F and 96 degluce mixing and delivery time
from 1-1/2 hours to 75 minutes; when air tempegmtarabove 90 deg F, reduce mixing
and delivery time to 60 minutes.

PART 3 - EXECUTION

3.1

EXAMINATION

Examine exposed subgrades and subbase surfacesorupliance with requirements for
dimensional, grading, and elevation tolerances.

Proof-roll prepared subbase surface below congoateements with heavy pneumatic-tired
equipment to identify soft pockets and areas oésggielding.
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3.2

3.3

3.4

3.5

1. Completely proof-roll subbase in one direction aegeat in perpendicular direction.
Limit vehicle speed to 3 mph.

2. Proof-roll with a loaded 10-wheel tandem-axle dumgk weighing not less than 15
tons.

3. Subbase with soft spots and areas of pumping tinguexceeding depth of 1/2 inch
require correction according to requirements inigdn 31 Section "Earth Moving."

Proceed with concrete pavement operations only ad@conforming conditions have been
corrected and subgrade is ready to receive pavement

PREPARATION
Remove loose material from compacted subbase suirfanediately before placing concrete.
EDGE FORMS AND SCREED CONSTRUCTION

Set, brace, and secure edge forms, bulkheads,ngerihediate screed guides for pavement to
required lines, grades, and elevations. Instathéoto allow continuous progress of work and
so forms can remain in place at least 24 hours eftecrete placement.

Clean forms after each use and coat with form-selement to ensure separation from concrete
without damage.

STEEL REINFORCEMENT

General: Comply with CRSI's "Manual of Standarédfice" for fabricating, placing, and
supporting reinforcement.

Clean reinforcement of loose rust and mill scadette ice, or other bond-reducing materials.

Arrange, space, and securely tie bars and bar sispjpohold reinforcement in position during
concrete placement. Maintain minimum cover tofmcement.

Install welded wire reinforcement in lengths asdas practicable. Lap adjoining pieces at
least one full mesh, and lace splices with wireffs@ laps of adjoining widths to prevent
continuous laps in either direction.

Install fabricated bar mats in lengths as longrastitable. Handle units to keep them flat and
free of distortions. Straighten bends, kinks, atiter irregularities, or replace units as required
before placement. Set mats for a minimum 2-incérlap of adjacent mats.

JOINTS
General: Form construction, isolation, and conioacjoints and tool edgings true to line with
faces perpendicular to surface plane of concr@enstruct transverse joints at right angles to

centerline, unless otherwise indicated.

1.  When joining existing pavement, place transvergggao align with previously placed
joints, unless otherwise indicated.
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B.

3.6

Construction Joints: Set construction joints desand end terminations of pavement and at
locations where pavement operations are stoppechdoe than one-half hour unless pavement
terminates at isolation joints.

1. Continue steel reinforcement across constructiomtgounless otherwise indicated. Do

not continue reinforcement through sides of paversgips, unless otherwise indicated.

Provide tie bars at sides of pavement strips wimglieated.

Butt Joints: Use bonding agent at joint locatiareere fresh concrete is placed against

hardened or partially hardened concrete surfaces.

4, Doweled Joints: Install dowel bars and supporemrrsies at joints where indicated.
Lubricate or asphalt-coat one-half of dowel lenggithprevent concrete bonding to one
side of joint.

2.
3.

Isolation Joints: Form isolation joints of prefaechjoint-filler strips abutting concrete curbs,
catch basins, manholes, inlets, structures, watker fixed objects, and where indicated.

1. Locate expansion joints at intervals of 20 feetess otherwise indicated.

2. Extend joint fillers full width and depth of joint.

3.  Alllsolation Joints shall be treated with joirlidt.

4, Terminate joint filler not less than 1/2 inch ormadhan 1 inch below finished surface.

5. Furnish joint fillers in one-piece lengths. Whemnere than one length is required, lace or
clip joint-filler sections together.

6. Protect top edge of joint filler during concreteag@gment with metal, plastic, or other

temporary preformed cap. Remove protective ca afincrete has been placed on both
sides of joint.

Contraction Joints: Form weakened-plane contragtimts, sectioning concrete into areas as
indicated. For larger walkways, width greater th@hand plazas, submit shop drawing of joint
pattern. Construct contraction joints for a deetjual to at least one-fourth of the concrete
thickness, as follows:

1. Grooved Joints: Form contraction joints afteriatifloating by grooving and finishing
each edge of joint with grooving tool to a 3/8-inchdius. Repeat grooving of
contraction joints after applying surface finishdsliminate groover marks on concrete
surfaces.

2. Doweled Contraction Joints: Install dowel bars angport assemblies at joints where
indicated. Lubricate or asphalt coat one-half@idl length to prevent concrete bonding
to one side of joint.

Edging: Tool edges of pavement, gutters, curbd,j@ints in concrete after initial floating with
an edging tool to a 3/8-inch radius. Repeat tgoli edges after applying surface finishes.
Eliminate tool marks on concrete surfaces.

CONCRETE PLACEMENT

Inspection: Before placing concrete, inspect amdnmete formwork installation, steel
reinforcement, and items to be embedded or cadtlotify other trades to permit installation of
their work.
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B.

Remove snow, ice, or frost from subbase surfaceramdorcement before placing concrete.
Do not place concrete on frozen surfaces.

Moisten subbase to provide a uniform dampened Gondat time concrete is placed. Do not
place concrete around manholes or other structumgisthey are at required finish elevation and
alignment.

Comply with ACI 301 requirements for measuring, imix transporting, and placing concrete.
Do not add water to fresh concrete after testing.

Deposit and spread concrete in a continuous operagtween transverse joints. Do not push
or drag concrete into place or use vibrators toemmncrete into place.

Consolidate concrete according to ACI 301 by me#rvibrating equipment supplemented
by hand spading, rodding, or tamping.

1. Consolidate concrete along face of forms and adjate transverse joints with an
internal vibrator. Keep vibrator away from joinssemblies, reinforcement, or side
forms. Use only square-faced shovels for handasiimg and consolidation. Consolidate
with care to prevent dislocating reinforcement, dtsyand joint devices.

Screed pavement surfaces with a straightedge eike off.

Commence initial floating using bull floats or dbto impart an open textured and uniform
surface plane before excess moisture or bleed vegeears on the surface. Do not further
disturb concrete surfaces before beginning fingliperations or spreading surface treatments.

Curbs and Gutters: When automatic machine placeimersed for curb and gutter placement,
submit revised mix design and laboratory test testhiat meet or exceed requirements.
Produce curbs and gutters to required cross sediimes, grades, finish, and jointing as
specified for formed concrete. |If results are approved, remove and replace with formed
concrete.

Slip-Form Pavers: When automatic machine placensensed for pavement, submit revised
mix design and laboratory test results that meetxaeed requirements. Produce pavement to
required thickness, lines, grades, finish, andijognas required for formed pavement.

1. Compact subbase and prepare subgrade of suffigiielth to prevent displacement of
paver machine during operations.

When adjoining pavement lanes are placed in sepgratirs, do not operate equipment on
concrete until pavement has attained 85 perceitd @B-day compressive strength.

Cold-Weather Placement: Comply with ACI 306.1 asdollows. Protect concrete work from
physical damage or reduced strength that couldabsed by frost, freezing actions, or low
temperatures.
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3.7

3.8

1.  When air temperature has fallen to or is expeatefdlt below 40 deg F, uniformly heat
water and aggregates before mixing to obtain aretaecnixture temperature of not less
than 50 deg F and not more than 80 deg F at pbplaoement.

2. Do not use frozen materials or materials contaifgagr snow.

3. Do not use calcium chloride, salt, or other materizontaining antifreeze agents or
chemical accelerators unless otherwise specifidchaproved in mix designs.

Hot-Weather Placement: Comply with ACI 301 andf@kbws when hot-weather conditions
exist:

1. Cool ingredients before mixing to maintain concreteperature below 90 deg F at time
of placement. Chilled mixing water or chopped ticay be used to control temperature,
provided water equivalent of ice is calculated dtalt amount of mixing water. Using
liquid nitrogen to cool concrete is Contractor'siamp

2. Cover steel reinforcement with water-soaked busasteel temperature will not exceed
ambient air temperature immediately before embegitirtoncrete.

3. Fog-spray forms, steel reinforcement, and subgjasiebefore placing concrete. Keep
subgrade moisture uniform without standing wateft, spots, or dry areas.

FLOAT FINISHING

Float Finish: Begin the second floating operatidren bleed-water sheen has disappeared and
concrete surface has stiffened sufficiently to peaperations. Float surface with power-driven
floats, or by hand floating if area is small ordnessible to power units. Finish surfaces to true
planes. Cut down high spots and fill low spotsefléat surface immediately to uniform
granular texture.

1. Construct test sections of each type of concreténgaincluding at least one expansion
joint and control joints, for review by CM, OwnendiArchitect for agreement of finish
prior to starting concrete installation. Revievll mclude texture of broom finish, joint
striking, picture framing and geometric conformity.

2. Medium-to-Fine-Textured Broom Finish: Draw a dmfistle broom across float-finished
concrete surface perpendicular to line of traffiptovide a uniform, fine-line texture.

3. Incorporate “picture framing” of concrete in finiglithin lump sum prices bid.
CONCRETE PROTECTION AND CURING

General: Protect freshly placed concrete from ptene drying and excessive cold or hot
temperatures.

Comply with ACI 306.1 for cold-weather protection.

Evaporation Retarder: Apply evaporation retardecancrete surfaces if hot, dry, or windy
conditions cause moisture loss approaching 0.2).lbits x h before and during finishing
operations. Apply according to manufacturer'stemitinstructions after placing, screeding, and
bull floating or darbying concrete, but before flfiaishing.
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D. Begin curing after finishing concrete but not befdree water has disappeared from concrete
surface.

E. Curing Methods: Cure concrete by moisture curimgjsture-retaining-cover curing, curing
compound, or a combination of these as follows:

1. Moisture-Retaining-Cover Curing: Cover concretafates with moisture-retaining
cover for curing concrete, placed in widest pradile width, with sides and ends lapped
at least 12 inches, and sealed by waterproof taaloesive. Immediately repair any
holes or tears during curing period using covereniatand waterproof tape.

2. Curing Compound: Apply uniformly in continuous ogion by power spray or roller
according to manufacturer's written instructiof&ecoat areas subjected to heavy rainfall
within three hours after initial application. M#&mn continuity of coating and repair
damage during curing period.

3.9 PAVEMENT TOLERANCES
A.  Comply with tolerances of ACI 117 and as follows:

Elevation: 1/4 inch.

Thickness: Plus 3/8 inch, minus 1/4 inch.

Surface: Gap below 10-foot- long, unleveled stredge not to exceed 1/4 inch.
Lateral Alignment and Spacing of Tie Bars and Dawel inch.

Vertical Alignment of Tie Bars and Dowels: 1/4Inc

Alignment of Tie-Bar End Relative to Line Perpendi&r to Pavement Edge: 1/2 inch.
Alignment of Dowel-Bar End Relative to Line Perpandar to Pavement Edge: Length
of dowel 1/4 inch per 12 inches.

Joint Spacing: 3 inches.

Contraction Joint Depth: Plus 1/4 inch, no minus.

0. Joint Width: Plus 1/8 inch, no minus.

NouokrwhpE

B ©oox

3.10 WHEEL STOPS

A.  Securely attach wheel stops into pavement with les$ than two galvanized steel dowels
embedded in holes drilled or cast into wheel st@psne-quarter to one-third points. Firmly
bond each dowel to wheel stop and to pavement.ur8igcinstall dowels into pavement and
bond to wheel stop. Recess head of dowel beneatbf twheel stop.

3.11 FIELD QUALITY CONTROL

A. Testing Agency: Contractor shall engage a qudlifielependent testing and inspecting agency
to perform field tests and inspections and pretesereports.

B. Testing Services: Testing of composite sampledredh concrete obtained according to
ASTM C 172 shall be performed according to theoiwlhg requirements:

1. Testing Frequency: Obtain at least 1 compositeptafor each 100 cu. yd. or fraction
thereof of each concrete mix placed each day.
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3.12

a. When frequency of testing will provide fewer tharefcompressive-strength tests for
each concrete mixture, testing shall be conducteth fat least five randomly
selected batches or from each batch if fewer thendfre used.

2. Slump: ASTM C 143/C 143M; one test at point ofgglament for each composite sample,
but not less than one test for each day's pouadt eoncrete mix. Perform additional
tests when concrete consistency appears to change.

3. Air Content: ASTM C 231, pressure method; onefiaseach composite sample, but not
less than one test for each day's pour of eachret@naix.

4, Concrete Temperature: ASTM C 1064; one test hownflgn air temperature is 40 deg F
and below and when 80 deg F and above, and onfatesich composite sample.

5. Compression Test Specimens: ASTM C 31/C 31M; aadtlaboratory cure one set of
three standard cylinder specimens for each congsainple.

6. Compressive-Strength Tests: ASTM C 39/C 39M; testpecimen at 7 days and 2
specimens at 28 days.

a. A compressive-strength test shall be the averagepoessive strength from 2
specimens obtained from same composite samplesatatitat 28 days.

Strength of each concrete mix will be satisfacibaverage of any 3 consecutive compressive-
strength tests equals or exceeds specified conmpeestsength and no compressive-strength test
value falls below specified compressive strengtimoye than 500 psi.

Test results shall be reported in writing to Arebtt concrete manufacturer, and Contractor
within 48 hours of testing. Reports of compressitrength tests shall contain Project
identification name and number, date of concreteghent, name of concrete testing and
inspecting agency, location of concrete batch irrklVdesign compressive strength at 28 days,
concrete mixture proportions and materials, congivesbreaking strength, and type of break
for both 7- and 28-day tests.

Nondestructive Testing: Impact hammer, sonoscop@ther nondestructive device may be
permitted by Architect but will not be used as dmdsis for approval or rejection of concrete.

Additional Tests: Testing and inspecting agen@llshake additional tests of concrete when
test results indicate that slump, air entrainmeampressive strengths, or other requirements
have not been met, as directed by Architect.

Remove and replace concrete pavement where testsraxlicate that it does not comply with
specified requirements.

Additional testing and inspecting, at Contractagense, will be performed to determine
compliance of replaced or additional work with dfied requirements.

REPAIRS AND PROTECTION

Remove and replace concrete pavement that is brolemnaged, or defective or that does not
comply with requirements in this Section.
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B.  Dirill test cores, where directed by Architect, wheatessary to determine magnitude of cracks
or defective areas. Fill drilled core holes inisfattory pavement areas with portland cement
concrete bonded to pavement with epoxy adhesive.

C. Protect concrete from damage. Exclude traffic frpavement for at least 14 days after
placement. When construction traffic is permittedintain pavement as clean as possible by
removing surface stains and spillage of materisihay occur.

D. Maintain concrete pavement free of stains, disetlon, dirt, and other foreign material.
Sweep concrete pavement not more than two daysrébefate scheduled for Substantial

Completion inspections.

END OF SECTION 321313
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SECTION 323113 - CHAIN LINK FENCES AND GATES

PART 1 - GENERAL

11

A.

1.2

13

1.4

15

1.6

RELATED DOCUMENTS

Drawings and general provisions of the Contraxxtiuding General and Supplementary Conditions
and Division 1 Specification Sections, apply tstBection.

SUMMARY
This Section includes the following:

1. Galvanized-steel chain link fabric.
2. Galvanized-steel framework.

Related Sections: The following Sections cantauirements that relate to this Section:

1. Division 31 Section "Earth Moving" for fillingral grading work.
2. Division 03 Section "Cast-in-Place Concrete"doncrete for post footings.

SUBMITTALS

General: Submit all fence components accordinipe Conditions of the Contract and Division 1
Specification Sections.

Product data in the form of manufacturer's tégddmata, specifications, and installation instiarts
for fence and gate posts, fabric, gates, gate tiperaand accessories.

Shop drawings showing location of fence, gatash post, and details of post installation, extens
arms, gate swing, hardware, and accessories.

QUALITY ASSURANCE
Installer Qualifications: Engage an experientedaller who has at least three years' experiande
has completed at least five chain link fence tsjeith same material and of similar scope to that

indicated for this Project with a successful candion record of in-service performance.

Single-Source Responsibility: Obtain chain liehkces and gates, including accessories, fittanys,
fastenings, from a single source.

PROJECT CONDITIONS

Field Measurements: Verify layout informatioor ffences and gates shown on the Drawings in
relation to the property survey and existing strices. Verify dimensions by field measurements.

MISCELLANEOUS REQUIREMENTS
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A. Deliver, store, uncrate, handle and install imnmer to prevent damage to equipment.

B. Remove promptly from site all debris resultirgm installation of materials and equipment spedif
herein.

C. Finish of all materials and equipment shall pprapriate for exterior locations.

PART 2 - PRODUCTS

2.1

2.2

2.3

GENERAL
A. Dimensions shown for pipe, roll-formed, and Hi#ens are outside dimensions.
B. Manufacturer: Subject to compliance with requieats, provide products of one of the following:

Allied Tube and Conduit Corp.
Anchor Fence, Inc.

Wheatland Tube Company.
Davis Walker Corp.

Dominion Fence and Wire Prod.
United States Steel

A

FABRIC - FENCING
A. Selvage: Knuckled at both selvages.
B. Steel Chain-Link Fence Fabric: Fabricated ia-piece widths for fencing 12 feet and less in hieig
to comply with Chain Link Fence Manufacturers Ingg (CLFMI) "Product Manual" and with

requirements indicated below:

1. Mesh and Wire Size:

a. Standard Fence - 2-inch mesh, 0.148-inch diam@tga(ge).
2. Coating: ASTM A 817, Type 2, Class 2, zinc-egbfgalvanized).

FRAMING

A. Round member sizes are given in actual outsig@meter (OD) to the nearest thousandth of inches.
Round fence posts and rails are often referred &5TM standard specifications by nominal pipe
sizes (NPS) or the equivalent trade sizes in inchidse following indicates these equivalents all

measured in inches:

Actual OD NPS Size Trade Size
1.315 1 1-3/8

1.660 1-1/4 1-5/8
1.900 1-1/2 2

2.375 2 2-1/2
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2.875 2-1/2 3
3.500 3 3-1/2
4.000 3-1/2 4
6.625 6 6-5/8
8.625 8 8-5/8

B. Type | Round Posts: Standard weight (sched@g ghlvanized-steel pipe conforming to
ASTM F 1083, according to heavy industrial requiesnts of ASTM F 669, Group IA,. Minimum
yield strength of 25,000 psi or 85,000 psi, if irated in specification or on drawing, not less than
1.8 oz. of zinc per sq. ft. Type A coating insigled outside according to ASTM F 1234, as
determined by ASTM A 90, and weights per foot do¥es:

Actual OD Weight (Ib/ft) NPS Size
1.315 1.68 1

1.660 2.27 1-1/4
1.900 2.72 1-1/2
2.375 3.65 2

2.875 5.79 2-1/2
3.500 7.58 3

4.000 9.11 3-1/2
6.625 8.97 6

8.625 28.55 8

C. Top Rail: Manufacturer's longest lengths (121ofeet) with swedged-end or expansion-type
coupling, approximately 6 inches long for joiningrovide rail ends or other means for attaching
top rail securely to each gate corner, pull, ard gost.

1. Round Steel: 1.660-inch OD Type | or Il steipkep
D. Framing
1. Steel posts for fabric heights under 6 feet:

a. Round Line or Intermediate Posts: 2.00-inch OD€Tlpr |l steel pipe.

b. Round End, Corner, and Pull Posts: 2.50-inch OpeTiyor Il steel pipe.

c. Top Rail: Manufacturer's longest lengths, with exgian type couplings, approximately
60 long, for each joint. Provide means for attaghiop rail securely to each gate,
corner, pull and end post.

1) 1.660 OD pipe, 2.27 Ibs. per ft.

d. All fence and backstop frames, posts and fittiriggdlde PVC coated according to the
following:
1) Coating: ASTM F 668, Class 2a, PVC.
2) PVC Coating Color: As selected by Architect frommuafacturers’ standard
colors, or black complying with ASTM F 934.
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2. Steel posts for fabric heights over 6 - 8 feet:

a. Round Line or Intermediate Posts: 2.375-inch OP€Tor Il steel pipe.

b. Round End, Corner, and Pull Posts: 3.000-inch @peT or Il steel pipe.

c. Top Rail: Manufacturer's longest lengths, with engi@an type couplings, approximately
60 long, for each joint. Provide means for attaghtiop rail securely to each gate,
corner, pull and end post.

1) 1.660 OD pipe, 2.27 Ibs. per ft.
2.4 FITTINGS AND ACCESSORIES

A. Material: Comply with ASTM F 626. Mill-finisretaluminum or galvanized iron or steel to suit
manufacturer's standards.

1. Steel and Iron: Unless specified otherwisedigalvanize pressed steel or cast-iron fence
fittings and accessories with at least 1.2 oz. pircsg. ft. as determined by ASTM A 90.

B. Post and Line Caps: Provide weathertight clsap for each post. Provide line post caps
with loop to receive tension wire or top rail.

C. Bottom and Center Rail: If shown on detail, samaterial as top rail. Provide manufacturer's
standard galvanized-steel, cast-iron or cast-alumioap for each end. Provide bottom rail at
baseball backstop only. Provide center rail ah@th fences or over.

D. Tension or Stretcher Bars: Hot-dip galvanizeglsvith a minimum length 2 inches less than the
full height of fabric, a minimum cross section é£&inch by 3/4 inch, and a minimum of 1.2 oz.
of zinc coating per sq. ft. Provide one bar fartegate and end post, and two for each corner and
pull post, except where fabric is integrally woveto the post.

E. Tension and Brace Bands: 3/4-inch-wide mininlotdip galvanized steel with a minimum of
1.2 oz. of zinc coating per sq. ft.

1. Tension Bands: 0.074 inch thick (14 gage) mimm
2. Brace Bands: 0.105 inch thick (12 gage) minimum

F. Tension Wire: 0.177-inch-diameter metallic-eobsteel marcelled tension wire conforming to
ASTM A 824 with finish to match fabric. Provideat fencing except baseball backstop.

1. Coating Type Il zinc in the following class atermined by ASTM A 90.

a. Class 2, with a minimum coating weight of 1&0 per sq. ft. of uncoated wire
surface.

G. Tie Wires: 0.106-inch-diameter (12-gage) gaiedah steel with a minimum of 0.80 oz. per sq. ft.

of zinc coating according to ASTM A 641, Class ®d48-inch-diameter (9-gage) aluminum wire
alloy 1350-H19 or equal, to match fabric wire.
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2.5

CONCRETE

Concrete: Provide truck poured concrete coimgjsof portland cement per ASTM C 150,

aggregates per ASTM C 33, and potable water. Mitenmls to obtain concrete with a minimum
28-day compressive strength of 3000 psi. Useast liwur sacks of cement per cu. yd., 1-inch
maximum size aggregate, 3-inch maximum slump.

PART 3 - EXECUTION

3.1

INSTALLATION

General: Install fence to comply with ASTM FA6Do not begin installation and erection before
final grading is completed, unless otherwise pesuit

1. Apply fabric to outside of framework. Instaknmeter fencing inside of property line
established by survey as required by Division 1.

Excavation: Dirill or hand-excavate (using ploste digger) holes for posts to diameters and
spacings indicated, in firm, undisturbed or compddoil.

1. If not indicated on Drawings, excavate holes éach post to minimum diameter
recommended by fence manufacturer, but not lesddlia times the largest cross section of
post.

2. Unless otherwise indicated, excavate hole deggibsoximately 3 inches lower than post

bottom, with bottom of posts set not less than@Bés below finish grade surface.

Setting Posts: Center and align posts in hdleshes above bottom of excavation. Space a
maximum of 10 feet o.c., unless otherwise indicated

1. Protect portion of posts above ground from cetecsplatter. Place concrete around posts
and vibrate or tamp for consolidation. Check gawst for vertical and top alignment, and
hold in position during placement and finishing giens.

a. Unless otherwise indicated, extend concret@ige® inches above grade and trowel
to a crown to shed water.

Top Rails: Run rail continuously through linespcaps, bending to radius for curved runs and at
other posts terminating into rail end attached dst® or post caps fabricated to receive rail.
Provide expansion couplings as recommended byrfgmoanufacturer.

Center Rails: Install center rails in one pibeéwveen posts and flush with post on fabric side,
using rail ends and special offset fittings whezeassary.

Brace Assemblies: Install braces at end areladts and at both sides of corner and pull posts.
Locate horizontal braces at midheight of fabricfemces with top rail and at two thirds fabric
height on fences without top rail. Install so gaste plumb when diagonal rod is under proper
tension.
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G. Bottom Tension Wire: Install tension wire wiilt inches of bottom of fabric before stretching
fabric and tie to each post with not less than sgage and type of wire. Pull wire taut, without
sags. Fasten fabric to tension wire with 0.120Hdmmeter (11-gage) hog rings of same material
and finish as fabric wire, spaced a maximum ofrihés o.c.

H.  Fabric: Leave approximately 2 inches betweeislii grade and bottom selvage unless otherwise
indicated. Pull fabric taut and tie to posts,saind tension wires. Install fabric on secuiiyg ®f
fence, and anchor to framework so that fabric resyander tension after pulling force is released.

l. Tension or Stretcher Bars: Thread through falnd secure to end, corner, pull, and gate posts
with tension bands spaced not over 15 inches o.c.

J. Tie Wires: Use wire of proper length to sedalwic firmly to posts and rails. Bend ends ofewir
to minimize hazard to persons or clothing.

1. Maximum Spacing: Tie fabric to line posts 1@has o.c. and to rails and braces 24 inches
o0.C.

K.  Fasteners: Install nuts for tension bands amdage bolts on the side of the fence opposite the
fabric side. Peen ends of bolts or score threagsevent removal of nuts for added security.

END OF SECTION 323113
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SECTION 329200 - TURFS AND GRASSES
PART 1 - GENERAL

11 SUMMARY

A.  Section Includes:
1. Seeding
2. Hydroseeding
3. Erosion-control material(s).
1.2 QUALITY ASSURANCE

A. Installer Qualifications: A qualified landscapetaller whose work has resulted in successful
turf establishment.

1. Experience: Five years experience in turf instisitain addition to requirements in
Division 01 Section "Quality Requirements."

2. Installer's Field Supervision: Require Installemaintain an experienced full-time
supervisor on Project site when work is in progress

3. Maintenance Proximity: Not more than two hourshmal travel time from Installer's
place of business to Project site.

4, Pesticide Applicator: State licensed, commercial.

B.  Soil-Testing Laboratory Qualifications: An indepemt laboratory or university laboratory,
recognized by the State Department of Agricultwih the experience and capability to
conduct the testing indicated and that specializé&ges of tests to be performed.

C. Soail Analysis: For each unamended soil type, &hrsioil analysis and a written report by a
gualified soil-testing laboratory stating percert®gf organic matter; gradation of sand, silt,
and clay content; cation exchange capacity; détetematerial; pH; and mineral and plant-
nutrient content of the soil.

1.3 DELIVERY, STORAGE, AND HANDLING

A.  Seed and Other Packaged Materials: Deliver packaggerials in original, unopened
containers showing weight, certified analysis, name address of manufacturer, and indication
of conformance with state and federal laws, asiegiple.

1.4 PROJECT CONDITIONS
A. Planting Restrictions: Plant during one of thédi@ing periods. Coordinate planting periods

with initial maintenance periods to provide reqdireaintenance from date of substantial
completion.

1. Regular Seeding Season
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1.5

a. Spring: March 1st - April 15
b. Fall: August 18— October 18

MAINTENANCE SERVICE

Seeded Turf: Contractor to maintain seeded leequiag for (60) days maintenance period from
the date of final acceptance of the project. Inelatl watering, mowing, trimming, reseeding,
fertilizing, chemical and physical weed control aethoval and other operations as necessary
for a healthy lawn. Newly seeded lawns shall ba keptinuously moist for a minimum of 30
days after seeding when natural rain fall is lassitl inch per week.

1.  When initial maintenance period has not elapsedrbefnd of planting season, or if turf
is not fully established, continue maintenancerdyriext planting season.

PART 2 - PRODUCTS

2.1

2.2

A.

SEED

Grass Seed: Fresh, clean, dry, new-crop seed gmgplith AOSA's "Journal of Seed
Technology; Rules for Testing Seeds" for purity gadmination tolerances.

Seed Species: State-certified seed of grass speciedows:

1. Asrecommended by the University of Maryland Tur&& Technical Update TT-77 and
approved by  the Architect.

2. Lawn Seed: Fresh, clean and new crop seed mixture

a. Mixed by an approved method.
b. composed of the following varieties, mixedhe specified proportions by weight

and tested to minimum percentages of puritygarchination. Poa Annua, Bent
Grass and noxious weed seed free.
c. Blends: Parts Purity  Minimum
Germination
Improved Kentucky Bluegrass 20% 97% 80%
Turf Type Tall Fescue 965 97% 80%
Perennial Rye Grass 5%1 97% 80%

3. Turf Type Tall Fescue shall be one of the followi@gyote Il, Masterpiece or Rebel IV
or other Category #1 Turf Type Tall Fescue and Kekt Bluegrass, as recommended
by the University of Maryland Turf Grass Techniopldate TT-77 and approved by the
Landscape Architect.

INORGANIC SOIL AMENDMENTS

Lime: ASTM C 602, agricultural liming material daiming a minimum of 80 percent calcium
carbonate equivalent and as follows:
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2.3

2.4

2.5

1. Class: 0O, with a minimum of 95 percent passingubh No. 8 sieve and a minimum of
55 percent passing through No. 60 sieve.

2. Provide lime in form of ground dolomitic limestonecalcitic limestone.

Iron Sulfate: Granulated ferrous sulfate contairanginimum of 20 percent iron and 10 percent
sulfur.

Aluminum Sulfate: Commercial grade, unadulterated.
Perlite: Horticultural perlite, soil amendment dga

Agricultural Gypsum: Minimum 90 percent calciumfate, finely ground with 90 percent
passing through No. 50 sieve.

Sand: Clean, washed, natural or manufacturedfraadf toxic materials.

Diatomaceous Earth: Calcined, 90 percent silicth epproximately 140 percent water
absorption capacity by weight.

Zeolites: Mineral clinoptilolite with at least @@rcent water absorption by weight.
ORGANIC SOIL AMENDMENTS

Compost: Well-composted, stable, and weed-frearocgmnatter, pH range of 5.5 to 8;

moisture content 35 to 55 percent by weight; 10@gm& passing through 1-inch sieve; soluble
salt content of 5 or less decisiemens/m; not exngel5 percent inert contaminants and free of
substances toxic to plantings.

Manure: Well-rotted, unleached, stable or cattuore containing not more than 25 percent by
volume of straw, sawdust, or other bedding materfate of toxic substances, stones, sticks,
soil, weed seed, and material harmful to plant gnow

FERTILIZERS

Slow-Release Fertilizer: Granular or pelletedilfiegr consisting of 50 percent water-insoluble
nitrogen, phosphorus, and potassium in the follgvgomposition:

1. Composition: 10 percent nitrogen, 10 percent phospis, and 10 percent potassium, by
weight.

PLANTING SOILS

Planting Soil: Imported topsoil or manufacturedsmipfrom on or off-site sources. Obtain
topsoil displaced from naturally well-drained caonstion or mining sites where topsoil occurs
at least 4 inches deep; do not obtain from agricaltiand, bogs, or marshes.

Straw Mulch: Provide air dried, clean, mildew aeed free salt hay or threshed straw of wheat,
rye, barley or oats.
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C.

D.

2.6

A.

Preparation of Saill

1. Prepare sub-soil to eliminate uneven areas andpmis. Maintain lines, levels, profiles
and contours. Make changes in grade gradual. Bllpes into level areas.

2. Remove foreign materials, weeds and undesirabtépnd their roots. Remove
contaminated sub-soil.

3. Scarify subsoil to a depth of 5 inches where tdpsdo be placed. Repeat cultivation in
area where equipment, used for hauling and sprgadpsoil, has compacted sub-soil.

Placing Topsoil

1. Spread topsoil to a minimum depth of 4 inches aveas to be seeded. Rake until
smooth.

2. Place topsoil during dry weather and on dry unfnrozgbgrade.

3. Remove vegetable matter and foreign non-organienahfrom topsoil while spreading,
remove stones over 1" in diameter.

4, Grade topsoil to eliminate rough, low soft areas] 8 ensure proper drainage according
to grading plan.

PESTICIDES

General: Pesticide, registered and approved by, BBéeptable to authorities having
jurisdiction, and of type recommended by manufaatior each specific problem and as
required for Project conditions and application. &b use restricted pesticides unless
authorized in writing by authorities having juristion.

PART 3 - EXECUTION

3.1

A.

3.2

C.

INSPECTIONS

Examine finish surfaces, grades, topsoil qualitg depth. Do not start seeding work until
unsatisfactory conditions are corrected.

PREPARATION: FOR LAWN SEEDING.

Limit preparation to areas which will be immedigteteded.

Remove existing temporary lawn and other vegetadiad dispose of such material outside of
Owner's property. Do not turn existing vegetatawer into soil being prepared for permanent
lawn. Option Method: use “round-Up” spray a mioim of two weeks prior to preparation to
avoid removal of vegetation and topsoil loss. tpooate organic residue into top 6” as before.
Bring soil to finished grade to provide positivaithage as shown on the plan.

Loosen topsoil of lawn area to a minimum deptb’oRemove stones over 1” in dimension and
sticks, roots, rubbish and extraneous matter.

Grade lawn areas to a smooth, free draining ewdace with a loose, moderate course texture.
Roll, rake and remove ridges and fill depressiagequired to drain.
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E. Apply limestone at the rate determined by so#s te adjust pH of topsoil to not less than 6.0 or
more than 6.8.

F.  Apply fertilizer at a rate determined by soilsttes

G. Thoroughly and evenly incorporated with soil tdepth of 6” by disking or other approved
method. Fertilize areas inaccessible to powerpegent with hand tools and incorporate into
soil.

H. Restore prepared areas to specified conditiorodex settled or otherwise disturbed after fine
grading and prior to seeding.

3.3 INSTALLATION
A. Lawn Seeding:

1. Seed immediately after preparation of bed. Spsawging between March 1 and April
15 and fall seeding between August 15 and Octaober At such other times acceptable
to the Landscape Architect.

2. Seed indicated areas within contract limits an@sujoining contract limits disturbed
as a result of construction operations.

3. Perform seeding operations when the soil is dryveimeh winds do not exceed 5 miles

per hour.

Apply seed with approved hydroseeder, brillionldat hurricane seeder.

Sow grass seed at a rate of 8.0 Ibs. per 1,00&. s(g48 Ibs. / acre).

Rake & rolling — after sowing seed, rake the aiglatlly and roll with a 200 Ib. hand

roller. The finished grade of the seeded area preésent an even, smooth and finished

appearance.

B. Mulching:

o gk

1. Straw mulch: straw shall be spread over all seedeas at the rate of 2/50 tons per acre.
Mulch shall be applied to a uniform loose deptmaif less than 1” no more no more than
2”. Mulch applied shall achieve a uniform disttlomn and depth so that no more than
10% of soil surface is exposed. Secure with a makhchoring tool. Punch, crimp and
anchor mulch into the soil surface a minimum of 2”.

C. Acceptance & Warranty:

1. Seeded areas will be inspected at completion tdliaion and accepted subject to
compliance with specified materials and installatiequirements.

2. Seeded areas will be acceptable provided all requéints, including maintenance have
been complied with, a healthy, , even-colored, leiddowvn is established, free of weeds,
undesirable grass species, disease and insects.

3. No individual lawn areas shall be bare spots ocoejptable cover totaling more than 25
percent of the individual area in areas requestdxtinspected.

4, Upon acceptance the Owner shall assure lawn maimncen

D. Turf Maintenance:
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A.

Maintain and establish turf by watering, fertiliginveeding, mowing, trimming, replanting
and performing other operations as required tdobstahealthy, viable turf. Roll, re-grade
and replant bare or eroded areas and re-mulctotiupe a uniformly smooth turf. Provide
materials and installation the same as those ust@ioriginal installation.

Mow turf as soon as top growth is tall enough tb dRepeat mowing to maintain height
appropriate for species without cutting more théhdE the grass height. Remove no more
than 1/3 of the grass-leaf growth in initial or saguent mowings.

. Apply pesticides and other chemical products &dalbgical control agents in accordance

with authorities having jurisdiction and manufaetis written recommendations.

E. Satisfactory Turf

A. Sodded areas will be inspected at completion aéilagion and accepted subject to com-
pliance with specified materials and installatieguirements.

B. Sodded areas will be acceptable provided all requéints, including maintenance have
been complied with, a healthy, even-colored, viddolen is established, free of weeds, un-
desirable grass species, disease and insects.

C. No individual lawn areas shall be bare spots occaeptable cover totaling more than 25 of
the individual area in areas requested to be otsgde

D. Upon acceptance the Owner shall assume lawn maimten

F. Cleaning:
1. Perform cleaning during installation of the worldarpon completion of work. Remove

from the site all excess materials, debris andmmgent. Repair damage resulting from
seeding, and lawn renovation operations.

G. Clean Up & Inspection:

1.

Upon completion of the work and maintenance, tloeigds shall be cleared of all debris
and equipment, which shall be entirely removed fthenpremises, to the satisfaction of
the Owner and the landscape architect.

Final inspection shall be made at the conclusiah@imaintenance period. Written
notice to the Owner requesting inspection shouldummitted at lease 10-days prior to
anticipated inspection date.

END OF SECTION 329200
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SECTION 330500 - COMMON WORK RESULTSFOR UTILITIES

PART 1 - GENERAL

11 RELATED DOCUMENTS

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

12 SUMMARY
A.  This Section includes the following:
1 Grout.
2. Flowablefill.
3. Piped utility demolition.
13 DEFINITIONS

A. Exposed Installations. Exposed to view outdoors or subject to outdoor ambient temperatures
and weather conditions.

B. Concedled Instalations. Concealed from view and protected from weather conditions and
physical contact by building occupants but subject to outdoor ambient temperatures. Examples
include installations within unheated shelters.

14 DELIVERY, STORAGE, AND HANDLING

A. Dédliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping,
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and
moisture.

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

PART 2 - PRODUCTS
2.1 GROUT
A. Destription: ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.
1. Characteristics: Post hardening, volume adjusting, nonstaining, noncorrosive,
nongaseous, and recommended for interior and exterior applications.

2. Design Mix: 5000-psi , 28-day compressive strength.
3. Packaging: Premixed and factory packaged.

2.2 FLOWABLE FILL

A. Description: Low-strength-concrete, flowable-slurry mix.
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Cement: ASTM C 150, Typel, portland.

Density: 115- to 145-Ib/cu. ft..

Aggregates: ASTM C 33, natural sand, fine and crushed gravel or stone, coarse.
Water: Comply with ASTM C 94/C 94M.

Strength: 100 to 200 psig at 28 days.

grpODNE

PART 3 - EXECUTION

31

A.

B.

C.

3.2

A.

G.

H.

PIPED UTILITY DEMOLITION

Refer to Division 01 Section "Cutting and Patching" and Division 02 Section "Selective
Structure Demolition" for general demoalition requirements and procedures.

Disconnect, demolish, and remove piped utility systems, equipment, and components indicated
to be removed.

1 Piping to Be Removed: Remove portion of piping indicated to be removed and cap or
plug remaining piping with same or compatible piping material.

2. Piping to Be Abandoned in Place: Drain piping. Fill abandoned piping with flowable
fill, and cap or plug piping with same or compatible piping material.

If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable,

remove damaged or unserviceable portions and replace with new products of equal capacity and

quality.

GROUTING

Mix and install grout for equipment base bearing surfaces, pump and other equipment base
plates, and anchors.

Clean surfacesthat will comeinto contact with grout.

Provide forms as required for placement of grout.

Avoid air entrapment during placement of grout.

Place grout, completely filling equipment bases.

Place grout on concrete bases and provide smooth bearing surface for equipment.
Place grout around anchors.

Cure placed grout.

END OF SECTION 330500
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SECTION 334100 - STORM UTILITY DRAINAGE PIPING

PART 1 - GENERAL

11

A.

1.2

1.3

1.4

1.5

RELATED DOCUMENTS

Drawings and general provisions of the Contractlusing General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY

This Section includes gravity-flow, nonpressurerstalrainage outside the building, with the
following components:

1. Precast concrete manholes.

2. Trench drain

3. Storm drain pipe and appurtenances
PERFORMANCE REQUIREMENTS

Gravity-Flow, Nonpressure, Drainage-Piping PresdRating: 10-foot head of water. Pipe
joints shall be at least watertight, unless othsevindicated.

SUBMITTALS

Product Data: For the following:

1. Stormdrain pipe.

Shop Drawings: For the following:

1. Manholes: Include plans, elevations, sectionsildetand frames and covers.

2. Catch Basins and Stormwater Inlets. Include plateyations, sections, details, and
frames, covers, and grates.

3.  Stormwater Detention Structures: Include plansyations, sections, details, frames and
covers, design calculations, and concrete desigrrapiort.

Field quality-control test reports.

DELIVERY, STORAGE, AND HANDLING

Protect pipe, pipe fittings, and seals from did damage.

Handle manholes according to manufacturer's wriitgging instructions.

Handle catch basins and stormwater inlets accordomgmanufacturer's written rigging
instructions.

Handle downspout boots according to manufactureritten instructions.
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1.6

A.

PROJECT CONDITIONS

Interruption of Existing Storm Drainage Servicep Bot interrupt service to facilities occupied
by Owner or others unless permitted under the \iollg conditions and then only after
arranging to provide temporary service accordingetuirements indicated:

1. Notify Construction Manager Owner no fewer tharefigays in advance of proposed
interruption of service.

2. Do not proceed with interruption of service withdDbnstruction Manager's written
permission.

Site Information: Perform site survey, researchlipwitility records, and verify existing utility
locations. Verify that Storm Drainage System pjpimay be installed in compliance with
original design and referenced standards.

1. Locate existing Storm Drainage System piping amdcsires that are to be abandoned
and closed.

PART 2 - PRODUCTS

2.1

A.

2.2

2.3

MANUFACTURERS

In other Part 2 articles where titles below introgldists, the following requirements apply to
product selection:

1. Available Manufacturers: Subject to compliance hwiequirements, manufacturers
offering products that may be incorporated into\ttierk include, but are not limited to,
manufacturers specified.

PIPING MATERIALS

Refer to Part 3 "Piping Applications" Article fompplications of pipe, fitting, and joining
materials.

PE PIPE AND FITTINGS

Corrugated PE Drainage Pipe and Fittings NPS 48Saadller: AASHTO M 252M, Type S,
with smooth waterway for coupling joints.

1.  Watertight Couplings: PE sleeve with ASTM D 109§pe 2, Class A, Grade 2 gasket
material that mates with tube and fittings.

2. Corrugated PE Pipe and Fittings NPS 12 to NPSABSHTO M 294M, Type S, with
smooth waterway for coupling joints.

3.  Watertight Couplings: PE sleeve with ASTM D 103§pe 2, Class A, Grade 2 gasket
material that mates with pipe and fittings.

Corrugated PE Pipe and Fittings NPS 56 and NPSAQSHTO MP7, Type S, with smooth
waterway for coupling joints.
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2.5

2.6

2.7

1.  Watertight Couplings: PE sleeve with ASTM D 103§pe 2, Class A, Grade 2 gasket
material that mates with pipe and fittings.

REINFORCED CONCRETE PIPE:

Materials shall be in accordance with ASSHTO M-170.

Pipe class shall be Class Il unless otherwisecatdd on the drawings.
Joints to be tongue and groove.

Joining material may be either:

PN pE

a. Portland cement mortar consisting of 1 part Podtlaement, 2 parts sand and
enough water to provide a workable mix, or
b. Bitumastic joint filler equal to Ram-Neck.

5. Joints shall be watertight under full flow cdiahs.
NONPRESSURE-TYPE PIPE COUPLINGS

Comply with ASTM C 1173, elastomeric, sleeve-typeducing or transition coupling, for
joining underground nonpressure piping. Includésenf same sizes as piping to be joined, and
corrosion-resistant-metal tension band and tightenmechanism on each end.

Sleeve Materials:

1. For Concrete Pipes: ASTM C 443, rubber.
2. For Dissimilar Pipes: ASTM D 5926, PVC or othertamal compatible with pipe
materials being joined.

CATCH BASINS & INLETS
Standard PVC Surface Drainage Inlets and In-Lingii3dras indicated on the drawings.

1. Ductile Iron Grates shall be considered an integeat of the surface drainage structure
and shall be furnished by the same manufacturer.

2. Structures shall be as manufactured by Nyloplastivision of Advanced Drainage
Systems, Inc. or approved equal.

CONCRETE
General: Cast-in-place concrete according to A8, &nd the following:

Cement: ASTM C 150, Type Il

Fine Aggregate: ASTM C 33, sand.

Coarse Aggregate: ASTM C 33, crushed gravel.
Water: Potable.

E e

Portland Cement Design Mix: 4000 pshinimum, with 0.45 maximum water/cementitious
materials ratio.
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2.8

1. Reinforcing Fabric: ASTM A 185/A 185M, steel, weltiwire fabric, plain.
2. Reinforcing Bars: ASTM A 615/A 615M, Grade 60 (42®a) deformed steel.

Manhole Channels and Benches: Factory or fieldnémt from concrete. Portland cement
design mix, 4000 psminimum, with 0.45 maximum water/cementitious miisr ratio.
Include channels and benches in manholes.

1. Channels: Concrete invert, formed to same widtlt@mected piping, with height of
vertical sides to three-fourths of pipe diametdform 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.

Ballast and Pipe Supports: Portland cement degign 3000 psiminimum, with 0.58
maximum water/cementitious materials ratio.

1. Reinforcing Fabric: ASTM A 185/A 185M, steel, weltiwire fabric, plain.
2. Reinforcing Bars: ASTM A 615/A 615M, Grade 60 (42®a) deformed steel.

CLEANOUTS
Cast-Iron Cleanouts:

1. Manufacturers: Subject to compliance with requigats, available manufacturers
offering products that may be incorporated into Werk include, but are not limited to,
the following:

Josam Company.

MIFAB, Inc.

Smith, Jay R. Mfg. Co.

Tyler Pipe.

Watts Water Technologies, Inc.

Zurn Specification Drainage Operation; Zurn Plungbtoducts Group.

~PQo0 T

2. Description: ASME A112.36.2M, round, gray-iron lsing with clamping device and
round, secured, scoriated, gray-iron cover. Inelgchy-iron ferrule with inside calk or
spigot connection and countersunk, tapered-thi@ads closure plug.

3. Top-Loading Classification(s): Heavy Duty.

4, Sewer Pipe Fitting and Riser to Cleanout: ASTM4A Service class, cast-iron soil pipe
and fittings.

Plastic Cleanouts:
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1. Manufacturers: Subject to compliance with requigats, available manufacturers
offering products that may be incorporated into Werk include, but are not limited to,
the following:

Canplas LLC.

IPS Corporation.

NDS Inc.

Plastic Oddities; a division of Diverse Corporagzfinologies, Inc.

Sioux Chief Manufacturing Company, Inc.

Zurn Light Commercial Products Operation; Zurn Pbimg Products Group.

~P o0 T

2. Description: PVC body with PVC threaded plug. llme PVC sewer pipe fitting and
riser to cleanout of same material as sewer piping.

PART 3 - EXECUTION

3.1

A.

3.2

3.3

EARTHWORK
Excavation, trenching, and backfilling are spedifie Division 31 Section "Earth Moving."
PIPING APPLICATIONS

Pipe couplings and special pipe fittings with preegatings at least equal to piping rating may
be used in applications below, unless otherwisiated.

1. Use nonpressure-type flexible couplings where mequto join gravity-flow, nonpressure
sewer piping, unless otherwise indicated.

a. Flexible or rigid couplings for same or minor diffeace OD pipes.

b. Join reinforced-concrete sewer piping according AGPA's "Concrete Pipe
Installation Manual" for rubber-gasket joints.

C. Join dissimilar pipe materials with nonpressureetflpxible or rigid couplings.
Gravity-Flow, Nonpressure Sewer Piping: Use tHWang pipe materials for each size range

and material as indicated on drawings:

1. NPS 4 and NPS 36 Corrugated PE drainage pipe and fittings, watettigpuplings, and
coupled joints.

2. Reinforced-Concrete Sewer Pipe and FittingsTM% 76, with groove and tongue ends.
PIPING INSTALLATION

General Locations and Arrangements: Drawing pkarts details indicate general location and
arrangement of underground storm drainage piplraration and arrangement of piping layout
take design considerations into account. Insigihg as indicated, to extent practical. Where
specific installation is not indicated, follow piygj manufacturer's written instructions.
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B.

3.4

3.5

Install piping beginning at low point, true to geadand alignment indicated with unbroken
continuity of invert. Place bell ends of pipingifag upstream. Install gaskets, seals, sleeves,
and couplings according to manufacturer's writtestructions for use of lubricants, cements,
and other installation requirements.

Install manholes for changes in direction unlefjs are indicated. Use fittings for branch
connections unless direct tap into existing stoaimdsystem is indicated.

Install proper size increasers, reducers, and amplvhere different sizes or materials of pipes
and fittings are connected. Reducing size of gifindirection of flow is prohibited.

Tunneling: Install pipe under streets or othertrlasions that cannot be disturbed by tunneling,
jacking, or a combination of both.

Install gravity-flow, nonpressure drainage piping@rding to the following:

1. Install piping pitched down in direction of flowt aninimum slope of 1 percent, unless
otherwise indicated.
2. Install piping below frost line.
3. Install corrugated steel piping according to ASTNF28/A 798M.
4. Install nonreinforced-concrete sewer piping acamgdio ASTM C 1479 and ACPA's
"Concrete Pipe
Installation Manual."
5. Install reinforced-concrete sewer piping accordm@STM C 1479 and ACPA's "Concrete
Pipe
Installation Manual."
6. Install PE corrugated sewer piping according to £BP'Recommended Installation
Practices for
Corrugated Polyethylene Pipe and Fittings."

PIPE JOINT CONSTRUCTION

Basic pipe joint construction is specified in Diwvis 33 Section "Common Work Results for
Utilities." Where specific joint construction isohindicated, follow piping manufacturer's
written instructions.

Join gravity-flow, nonpressure drainage piping adtw to the following:

1. Join nonreinforced-concrete sewer piping accordiog ASTM C 14 and ACPA's
"Concrete Pipe Installation Manual" for rubber-gatgbints.

2. Join reinforced-concrete sewer piping accordind\@PA's "Concrete Pipe Installation
Manual" for rubber-gasket joints.

3. Join dissimilar pipe materials with nonpressurestflpxible or rigid couplings.

4, Join corrugated PE piping according to CPPA 100thadollowing:

a. Use watertight couplings for Type 1, watertighhjsi

CATCH BASIN INSTALLATION
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A.

B.

3.6

3.7

3.8

3.9

Construct catch basins to sizes and shapes indicate
Set frames and grates to elevations indicated.
CONCRETE PLACEMENT

Place cast-in-place concrete according to ACI 3183
CONNECTIONS

Connect nonpressure, gravity-flow drainage pipmdpuilding's storm building drains specified
in Division 22.

IDENTIFICATION

Materials and their installation are specified iiviBion 31 Section "Earth Moving." Arrange
for installation of green warning tape directly oyaping and at outside edge of underground
structures.

1. Use detectable warning tape over nonferrous pi@ng over edges of underground
structures.

FIELD QUALITY CONTROL

Inspect interior of piping to determine whetheelitisplacement or other damage has occurred.
Inspect after approximately 24 inches of backiilin place, and again at completion of Project.

1. Submit separate reports for each system inspection.
2. Defects requiring correction include the following:

a. Alignment: Less than full diameter of inside opgiis visible between structures.

b. Deflection:  Flexible piping with deflection thatrqvents passage of ball or
cylinder of size not less than 92.5 percent ofrmpliameter.

C. Crushed, broken, cracked, or otherwise damagedgipi

d. Infiltration: Water leakage into piping.

e. Exfiltration: Water leakage from or around piping.

3. Replace defective piping using new materials, apukat inspections until defects are
within allowances specified.
4, Reinspect and repeat procedure until results disfagztory.

Test new piping systems, and parts of existingesystthat have been altered, extended, or
repaired, for leaks and defects.

1. Do not enclose, cover, or put into service befagpéction and approval.

2. Test completed piping systems according to auibkeritaving jurisdiction.

3. Schedule tests and inspections by authorities aunsdiction with at least 24 hours'
advance notice.

4, Submit separate report for each test.
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3.10 CLEANING

A.  Clean interior of piping of dirt and superfluousteréls. Flush with potable water.

END OF SECTION 334100
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