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RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect’s Project No.: 563102 Owner’s Project No.: 0-28779
 TABLE OF CONTENTS 001100 - 1
 TABLE OF CONTENTS
 (Refer to “Project Book” under separate cover for additional requirements)
 APPENDICES
 Appendix 1 Geotechnical Report (for informational purposes only)
 Appendix 2 Special Inspections Forms
 SPECIFICATIONS
 DIVISION 1 – GENERAL REQUIREMENTS
 010200 General Sitework Requirements
 011000 Summary
 012100 Allowances
 012110 Sitework Allowances
 012300 Alternates
 012500 Substitution Procedures
 012600 Contract Modification Procedures
 012900 Payment Procedures
 013100 Project Management and Coordination
 013200 Construction Progress Documentation
 013300 Submittal Procedures
 014000 Quality Requirements
 014200 References
 015000 Temporary Facilities and Controls
 016000 Product Requirements
 017300 Execution
 017419 Construction Waste Management
 017700 Closeout Procedures
 017823 Operation and Maintenance Data
 017839 Project Record Documents
 017900 Demonstration and Training
 018119 Indoor Air Quality Requirements
 DIVISION 2 – EXISTING CONDITIONS
 024113 Selective Site Demolition
 DIVISION 3 – CONCRETE
 033000 Cast-in-place Concrete
 DIVISION 4 – MASONRY (not used)
 DIVISION 5 – METALS
 055000 Metal Fabrications
 055213 Pipe and Tube Railings
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RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect’s Project No.: 563102 Owner’s Project No.: 0-28779
 TABLE OF CONTENTS 001100 - 2
 DIVISION 6 – WOOD PLASTICS AND COMPOSITES
 061000 Rough Carpentry
 061600 Sheathing
 DIVISION 7 – THERMAL AND MOISTURE PROTECTION
 079200 Joint Sealants
 DIVISION 8 – OPENINGS
 081113 Steel Doors and Frames
 081416 Flush Wood Doors
 083113 Access Doors and Frames
 087100 Door Hardware
 088000 Glazing
 DIVISION 9 – FINISHES
 092216 Cold Formed Steel Framing - Non-Structural
 092900 Gypsum Board
 093000 Tiling
 095113 Acoustical Panel Ceilings
 096513 Resilient Base and Accessories
 096519 Resilient Floor Tile
 097716 FRP Impact-Resistant Wall Surfacing
 099100 Painting
 DIVISION 10 – SPECIALTIES
 101400 Signage
 102113 Solid-Polymer Toilet Compartments
 102800 Toilet and Bath Accessories
 104400 Fire-Protection Specialties
 DIVISION 11 – EQUIPMENT (not used)
 DIVISION 12 – FURNISHINGS
 123216 Manufactured Plastic-Laminate-Faced Casework
 124843 Anti-Fatigue Floor Mats
 DIVISION 13 – SPECIAL CONSTRUCTION
 133418 Post-Frame Building Systems
 VOLUME 2
 DIVISION 14 – CONVEYING SYSTEMS (not used)
 DIVISION 21 – FIRE SUPPRESSION
 DIVISION 22 – PLUMBING (not used)
 220513 Common Motor Requirements for Plumbing Equipment
 220516 Expansion Fittings and Loops for Plumbing Piping
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RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect’s Project No.: 563102 Owner’s Project No.: 0-28779
 TABLE OF CONTENTS 001100 - 3
 220517 Sleeves and Sleeve Seals for Plumbing Piping
 220518 Escutcheons for Plumbing Piping
 220519 Meters and Gages for Plumbing Piping
 220523.12 Ball Valves Plumbing Piping
 220523.14 Check Valves for Plumbing Piping
 220523.15 Gate Valves for Plumbing Piping
 220529 Hangers and Supports for Plumbing Piping and Equipment
 220553 Identification for Plumbing Piping and Equipment
 220719 Plumbing Piping Insulation
 221116 Domestic Water Piping
 221119 Domestic Water Piping Specialties
 221316 Sanitary Waste and Vent Piping
 221319 Sanitary Waste Piping Specialties
 223300 Electric, Domestic Water Heaters
 224213.13 Commercial Water Closets
 224213.16 Commercial Urinals
 224216.13 Commercial Lavatories
 224216.16 Commercial Sinks
 224223 Commercial Showers
 224716 Pressure Water Coolers
 DIVISION 23 – MECHANICAL
 230513 Motors for HVAC Equipment
 230516 Expansion Fittings and Loops for HVAC Piping
 230517 Sleeves and Sleeve Seals for HVAC Piping
 230518 Escutcheons for HVAC Piping
 230519 Meters and Gages for HVAC Piping
 230529 Hangers and Supports for HVAC Piping and Equipment
 230548.13 Vibration Controls for HVAC
 230553 Identification for HVAC Piping and Equipment
 230593 Testing, Adjusting, and Balancing for HVAC
 230713 Duct Insulation
 230716 HVAC Equipment Insulation
 232300 Refrigerant Piping
 233113 Metal Ducts
 233300 Air Duct Accessories
 233423 HVAC Power Ventilators
 233713 Diffusers, Registers, and Grilles
 237200 Air-to-Air Energy Recovery Equipment
 238126 Split System Air Conditioners
 23823913 Cabinet Unit Heaters
 238239.16 Propeller Unit Heaters
 DIVISION 25 – INTEGRATED AUTOMATION (not used)

Page 5
						

RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect’s Project No.: 563102 Owner’s Project No.: 0-28779
 TABLE OF CONTENTS 001100 - 4
 DIVISION 26 – ELECTRICAL
 260533 Raceway and Boxes for Electrical Systems
 260544 Sleeves and Sleeve Seals for Electrical Raceways and Cabling
 260553 Electrical Identification
 260574 Overcurrent Protective Device Arc-Flash Study
 260923 Lighting Control Devices
 262416 Panelboards
 262726 Wiring Devices
 262813 Fuses
 262816 Enclosed Switches and Circuit Breakers
 262913 Enclosed Controllers
 265119 LED Interior Lighting
 DIVISION 27 – COMMUNICATIONS
 270528 Pathways for Technology and Audio/Visual
 DIVISIONS 28 – ELECTRONIC SAFETY AND SECURITY (not used)
 DIVISION 31 – EARTHWORK
 311000 Site Clearing
 312000 Earthwork
 312100 Bioretention
 312500 Erosion and Sedimentation Controls
 313116 Termite Control
 DIVISION 32 – EXTERIOR IMPROVEMENTS
 321216 Asphalt Pavement
 321313 Site Concrete
 321700 Pavement Markings, Signs and Specialties
 323100 Fences and Gates
 329200 Lawns, Grasses and Pasture Mix
 329300 Exterior Plants
 DIVISION 33 – UTILITIES
 331000 Exterior Water System
 333000 Sanitary Sewerage
 334100 Storm Drainage
 DIVISION 34 – TRANSPORTATION (not used)
 END OF TABLE OF CONTENTS
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RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 COMMON MOTOR REQUIREMENTS FOR PLUMBING EQUIPMENT 220513 - 1
 SECTION 220513 COMMON MOTOR REQUIREMENTS FOR PLUMBING EQUIPMENT
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section includes general requirements for single-phase and polyphase, general-purpose,
 horizontal, small and medium, squirrel-cage induction motors for use on ac power systems up to
 600 V and installed at equipment manufacturer's factory or shipped separately by equipment
 manufacturer for field installation.
 1.2 COORDINATION
 A. Coordinate features of motors, installed units, and accessory devices to be compatible with the
 following:
 1. Motor controllers.
 2. Torque, speed, and horsepower requirements of the load.
 3. Ratings and characteristics of supply circuit and required control sequence.
 4. Ambient and environmental conditions of installation location.
 PART 2 - PRODUCTS
 2.1 GENERAL MOTOR REQUIREMENTS
 A. Comply with NEMA MG 1 unless otherwise indicated.
 2.2 MOTOR CHARACTERISTICS
 A. Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet (1000 m)
 above sea level.
 B. Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate connected loads
 at designated speeds, at installed altitude and environment, with indicated operating sequence,
 and without exceeding nameplate ratings or considering service factor.
 2.3 POLYPHASE MOTORS
 A. Description: NEMA MG 1, Design B, medium induction motor.
 B. Efficiency: Energy efficient, as defined in NEMA MG 1.
 C. Service Factor: 1.15.

Page 7
						

RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 COMMON MOTOR REQUIREMENTS FOR PLUMBING EQUIPMENT 220513 - 2
 D. Multispeed Motors: Variable torque.
 1. For motors with 2:1 speed ratio, consequent pole, single winding.
 2. For motors with other than 2:1 speed ratio, separate winding for each speed.
 E. Rotor: Random-wound, squirrel cage.
 F. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.
 G. Temperature Rise: Match insulation rating.
 H. Insulation: Class F.
 I. Code Letter Designation:
 1. Motors 15 HP and Larger: NEMA starting Code F or Code G.
 2. Motors Smaller than 15 HP: Manufacturer's standard starting characteristic.
 J. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for motor
 frame sizes smaller than 324T.
 2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS
 A. Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring connection
 requirements for controller with required motor leads. Provide terminals in motor terminal box,
 suited to control method.
 B. Motors Used with Variable Frequency Controllers: Ratings, characteristics, and features
 coordinated with and approved by controller manufacturer.
 1. Windings: Copper magnet wire with moisture-resistant insulation varnish, designed and
 tested to resist transient spikes, high frequencies, and short time rise pulses produced by
 pulse-width modulated inverters.
 2. Energy- and Premium-Efficient Motors: Class B temperature rise; Class F insulation.
 3. Inverter-Duty Motors: Class F temperature rise; Class H insulation.
 4. Thermal Protection: Comply with NEMA MG 1 requirements for thermally protected
 motors.
 2.5 SINGLE-PHASE MOTORS
 A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and
 requirements of specific motor application:
 1. Permanent-split capacitor.
 2. Split phase.
 3. Capacitor start, inductor run.
 4. Capacitor start, capacitor run.
 B. Multispeed Motors: Variable-torque, permanent-split-capacitor type.
 C. Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and
 thrust loading.
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 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 COMMON MOTOR REQUIREMENTS FOR PLUMBING EQUIPMENT 220513 - 3
 D. Motors 1/20 HP and Smaller: Shaded-pole type.
 E. Thermal Protection: Internal protection to automatically open power supply circuit to motor
 when winding temperature exceeds a safe value calibrated to temperature rating of motor
 insulation. Thermal-protection device shall automatically reset when motor temperature returns
 to normal range.
 PART 3 - EXECUTION (Not Applicable)
 END OF SECTION 220513
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RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 EXPANSION FITTINGS AND LOOPS FOR PLUMBING PIPING 220516 - 1
 SECTION 220516 EXPANSION FITTINGS AND LOOPS FOR PLUMBING PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Alignment guides and anchors.
 2. Pipe loops and swing connections.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 B. Delegated-Design Submittal: For each anchor and alignment guide, including analysis data,
 signed and sealed by the qualified professional engineer responsible for their preparation.
 1. Design Calculations: Calculate requirements for thermal expansion of piping systems and
 for selecting and designing expansion joints, loops, and swing connections.
 2. Anchor Details: Detail fabrication of each anchor indicated. Show dimensions and
 methods of assembly and attachment to building structure.
 3. Alignment Guide Details: Detail field assembly and attachment to building structure.
 4. Schedule: Indicate type, manufacturer's number, size, material, pressure rating, end
 connections, and location for each expansion joint.
 1.3 INFORMATIONAL SUBMITTALS
 A. Welding certificates.
 1.4 CLOSEOUT SUBMITTALS
 A. Maintenance data.
 1.5 QUALITY ASSURANCE
 A. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M,
 "Structural Welding Code - Steel."
 B. Pipe and Pressure-Vessel Welding Qualifications: Qualify procedures and operators according
 to ASME Boiler and Pressure Vessel Code.
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RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 EXPANSION FITTINGS AND LOOPS FOR PLUMBING PIPING 220516 - 2
 PART 2 - PRODUCTS
 2.1 PERFORMANCE REQUIREMENTS
 A. Compatibility: Products shall be suitable for piping service fluids, materials, working pressures,
 and temperatures.
 B. Capability: Products to absorb 200 percent of maximum axial movement between anchors.
 2.2 ALIGNMENT GUIDES AND ANCHORS
 A. Alignment Guides [AG-01]:
 1. Description: Steel, factory-fabricated alignment guide, with bolted two-section outer
 cylinder and base for attaching to structure; with two-section guiding slider for bolting to
 pipe.
 B. Anchor Materials:
 1. Steel Shapes and Plates: ASTM A 36/A 36M.
 2. Bolts and Nuts: ASME B18.10 or ASTM A 183, steel hex head.
 3. Washers: ASTM F 844, steel, plain, flat washers.
 4. Mechanical Fasteners: Insert-wedge-type stud with expansion plug anchor for use in
 hardened portland cement concrete, with tension and shear capacities appropriate for
 application.
 a. Stud: Threaded, zinc-coated carbon steel.
 b. Expansion Plug: Zinc-coated steel.
 c. Washer and Nut: Zinc-coated steel.
 5. Chemical Fasteners: Insert-type stud, bonding-system anchor for use with hardened
 portland cement concrete, with tension and shear capacities appropriate for application.
 a. Bonding Material: ASTM C 881/C 881M, Type IV, Grade 3, two-component
 epoxy resin suitable for surface temperature of hardened concrete where fastener is
 to be installed.
 b. Stud: ASTM A 307, zinc-coated carbon steel with continuous thread on stud,
 unless otherwise indicated.
 c. Washer and Nut: Zinc-coated steel.
 PART 3 - EXECUTION
 3.1 EXPANSION JOINT INSTALLATION
 A. Install expansion joints of sizes matching sizes of piping in which they are installed.
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 CITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 EXPANSION FITTINGS AND LOOPS FOR PLUMBING PIPING 220516 - 3
 B. Install metal-bellows expansion joints according to EJMA's "Standards of the Expansion Joint
 Manufacturers Association, Inc."
 3.2 PIPE LOOP AND SWING CONNECTION INSTALLATION
 A. Install pipe loops cold-sprung in tension or compression as required to partly absorb tension or
 compression produced during anticipated change in temperature.
 B. Connect risers and branch connections to mains with at least five pipe fittings, including tee in
 main.
 C. Connect risers and branch connections to terminal units with at least four pipe fittings, including
 tee in riser.
 D. Connect mains and branch connections to terminal units with at least four pipe fittings,
 including tee in main.
 3.3 ALIGNMENT-GUIDE AND ANCHOR INSTALLATION
 A. Install alignment guides to guide expansion and to avoid end-loading and torsional stress.
 B. Install one guide(s) on each side of pipe expansion fittings and loops. Install guides nearest to
 expansion joint not more than four pipe diameters from expansion joint.
 C. Attach guides to pipe, and secure guides to building structure.
 D. Install anchors at locations to prevent stresses from exceeding those permitted by ASME B31.9
 and to prevent transfer of loading and stresses to connected equipment.
 E. Anchor Attachments:
 1. Anchor Attachment to Steel Pipe: Attach by welding. Comply with ASME B31.9 and
 ASME Boiler and Pressure Vessel Code: Section IX, "Welding and Brazing
 Qualifications."
 2. Anchor Attachment to Copper Tubing: Attach with pipe hangers. Use MSS SP-69,
 Type 24; U bolts bolted to anchor.
 F. Use grout to form flat bearing surfaces for guides and anchors attached to concrete.
 END OF SECTION 220516
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RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 SLEEVES AND SLEEVE SEALS FOR PLUMBING PIPING 220517 - 1
 SECTION 220517
 SLEEVES AND SLEEVE SEALS FOR PLUMBING PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Sleeves.
 2. Sleeve-seal systems.
 3. Grout.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 PART 2 - PRODUCTS
 2.1 SLEEVES
 A. Cast-Iron Wall Pipes: Cast or fabricated of cast or ductile iron and equivalent to ductile-iron
 pressure pipe, with plain ends and integral waterstop unless otherwise indicated.
 B. Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and welded
 steel collar; zinc coated.
 C. Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc
 coated, with plain ends.
 2.2 SLEEVE-SEAL SYSTEMS
 A. Description: Modular sealing-element unit, designed for field assembly, for filling annular
 space between piping and sleeve.
 1. Sealing Elements: EPDM-rubber interlocking links shaped to fit surface of pipe. Include
 type and number required for pipe material and size of pipe.
 2. Pressure Plates: Stainless steel.
 3. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to
 sealing elements.
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 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 SLEEVES AND SLEEVE SEALS FOR PLUMBING PIPING 220517 - 2
 2.3 GROUT
 A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
 hydraulic-cement grout.
 B. Characteristics: Nonshrink; recommended for interior and exterior applications.
 C. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.
 D. Packaging: Premixed and factory packaged.
 PART 3 - EXECUTION
 3.1 SLEEVE INSTALLATION
 A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
 B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to
 provide 1-inch (25-mm) annular clear space between piping and concrete slabs and walls.
 1. Sleeves are not required for core-drilled holes.
 C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls
 are constructed.
 1. Cut sleeves to length for mounting flush with both surfaces.
 a. Exception: Extend sleeves installed in floors of mechanical equipment areas or
 other wet areas 2 inches (50 mm) above finished floor level.
 2. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-seal
 system.
 D. Install sleeves for pipes passing through interior partitions.
 1. Cut sleeves to length for mounting flush with both surfaces.
 2. Install sleeves that are large enough to provide 1/4-inch (6.4-mm) annular clear space
 between sleeve and pipe or pipe insulation.
 3. Seal annular space between sleeve and piping or piping insulation; use joint sealants
 appropriate for size, depth, and location of joint. Comply with requirements for sealants
 specified in Section 079200 "Joint Sealants."
 3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
 A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service
 piping entries into building.
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 SLEEVES AND SLEEVE SEALS FOR PLUMBING PIPING 220517 - 3
 B. Select type, size, and number of sealing elements required for piping material and size and for
 sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration,
 assemble sleeve-seal system components, and install in annular space between piping and
 sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make a
 watertight seal.
 3.3 SLEEVE AND SLEEVE-SEAL SCHEDULE
 A. Use sleeves and sleeve seals for the following piping-penetration applications:
 1. Exterior Concrete Walls above Grade:
 a. Piping Smaller Than NPS 6 (DN 150): Galvanized-steel-pipe sleeves.
 2. Exterior Concrete Walls below Grade:
 a. Piping Smaller Than NPS 6 (DN 150): Galvanized-steel-pipe sleeves with sleeve-
 seal system.
 1) Select sleeve size to allow for 1-inch (25-mm) annular clear space between
 piping and sleeve for installing sleeve-seal system.
 3. Concrete Slabs-on-Grade:
 a. Piping Smaller Than NPS 6 (DN 150): Galvanized-steel-pipe sleeves with sleeve-
 seal system.
 1) Select sleeve size to allow for 1-inch (25-mm) annular clear space between
 piping and sleeve for installing sleeve-seal system.
 4. Interior Partitions:
 a. Piping Smaller Than NPS 6 (DN 150): Galvanized-steel-pipe sleeves.
 END OF SECTION 220517
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RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 ESCUTCHEONS FOR PLUMBING PIPING 220518 - 1
 SECTION 220518
 ESCUTCHEONS FOR PLUMBING PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Escutcheons.
 2. Floor plates.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 PART 2 - PRODUCTS
 2.1 ESCUTCHEONS
 A. One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew fastener.
 B. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with chrome-plated finish and
 spring-clip fasteners.
 C. One-Piece, Stamped-Steel Type: With chrome-plated finish and spring-clip fasteners.
 2.2 FLOOR PLATES
 A. One-Piece Floor Plates: Cast-iron flange with holes for fasteners.
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.
 B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with
 OD that completely covers opening.
 1. Escutcheons for New Piping:
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 a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep-pattern type.
 b. Chrome-Plated Piping: One-piece, cast-brass type with polished, chrome-plated
 finish.
 c. Insulated Piping: One-piece, stamped-steel type.
 d. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece, cast-
 brass type with polished, chrome-plated finish.
 e. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece, cast-brass type
 with polished, chrome-plated finish.
 f. Bare Piping in Unfinished Service Spaces: One-piece, cast-brass type with
 polished, chrome-plated finish.
 g. Bare Piping in Equipment Rooms: One-piece, cast-brass type with polished,
 chrome-plated finish.
 C. Install floor plates for piping penetrations of equipment-room floors.
 D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and with OD
 that completely covers opening.
 1. New Piping: One-piece, floor-plate type.
 3.2 FIELD QUALITY CONTROL
 A. Replace broken and damaged escutcheons and floor plates using new materials.
 END OF SECTION 220518
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 METERS AND GAGES FOR PLUMBING PIPING 220519 - 1
 SECTION 220519
 METERS AND GAGES FOR PLUMBING PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Bimetallic-actuated thermometers.
 2. Liquid-in-glass thermometers.
 3. Thermowells.
 4. Dial-type pressure gages.
 5. Gage attachments.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 1.3 INFORMATIONAL SUBMITTALS
 A. Product certificates.
 1.4 CLOSEOUT SUBMITTALS
 A. Operation and maintenance data.
 PART 2 - PRODUCTS
 2.1 BIMETALLIC-ACTUATED THERMOMETERS
 A. Manufacturers: Subject to compliance with requirements, available manufacturers offering
 products that may be incorporated into the Work include, but are not limited to the following:
 1. Watts; a Watts Water Technologies company.
 2. Weiss Instruments, Inc.
 3. Weksler Glass Thermometer Corp.
 B. Standard: ASME B40.200.
 C. Case: Liquid-filled and sealed type(s); stainless steel with 3-inch (76-mm) nominal diameter.
 http://www.specagent.com/Lookup?ulid=1681
 http://www.specagent.com/Lookup?uid=123456819902
 http://www.specagent.com/Lookup?uid=123456804952
 http://www.specagent.com/Lookup?uid=123456893711
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 D. Dial: Nonreflective aluminum with permanently etched scale markings and scales in deg F
 (deg C) .
 E. Connector Type(s): Union joint, adjustable angle, with unified-inch screw threads.
 F. Connector Size: 1/2 inch (13 mm), with ASME B1.1 screw threads.
 G. Stem: 0.25 or 0.375 inch (6.4 or 9.4 mm) in diameter; stainless steel.
 H. Window: plastic.
 I. Ring: Stainless steel.
 J. Element: Bimetal coil.
 K. Pointer: Dark-colored metal.
 L. Accuracy: Plus or minus 1 percent of scale range.
 2.2 LIQUID-IN-GLASS THERMOMETERS
 A. Metal-Case, Industrial-Style, Liquid-in-Glass Thermometers:
 1. Standard: ASME B40.200.
 2. Case: Cast aluminum; 7-inch (178-mm) nominal size unless otherwise indicated.
 3. Case Form: Adjustable angle unless otherwise indicated.
 4. Tube: Glass with magnifying lens and blue or red organic liquid.
 5. Tube Background: Nonreflective aluminum with permanently etched scale markings
 graduated in deg F (deg C).
 6. Window: Glass or plastic.
 7. Stem: Aluminum and of length to suit installation.
 a. Design for Thermowell Installation: Bare stem.
 8. Connector: 1-1/4 inches (32 mm), with ASME B1.1 screw threads.
 9. Accuracy: Plus or minus 1 percent of scale range or one scale division, to a maximum of
 1.5 percent of scale range.
 B. Plastic-Case, Industrial-Style, Liquid-in-Glass Thermometers:
 1. Standard: ASME B40.200.
 2. Case: Plastic; 7-inch (178-mm) nominal size unless otherwise indicated.
 3. Case Form: Adjustable angle unless otherwise indicated.
 4. Tube: Glass with magnifying lens and blue or red organic liquid.
 5. Tube Background: Nonreflective aluminum with permanently etched scale markings
 graduated in deg F (deg C).
 6. Window: Glass or plastic.
 7. Stem: Aluminum, brass, or stainless steel and of length to suit installation.
 a. Design for Thermowell Installation: Bare stem.
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 8. Connector: 1-1/4 inches , with ASME B1.1 screw threads.
 9. Accuracy: Plus or minus 1 percent of scale range or one scale division, to a maximum of
 1.5 percent of scale range.
 2.3 THERMOWELLS
 A. Thermowells:
 1. Standard: ASME B40.200.
 2. Description: Pressure-tight, socket-type fitting made for insertion into piping tee fitting.
 3. Material for Use with Copper Tubing: CNR or CUNI.
 4. Material for Use with Steel Piping: CRES.
 5. Type: Stepped shank unless straight or tapered shank is indicated.
 6. External Threads: NPS 1/2, NPS 3/4, or NPS 1, ASME B1.20.1 pipe threads.
 7. Internal Threads: 1/2, 3/4, and 1 inch, with ASME B1.1 screw threads.
 8. Bore: Diameter required to match thermometer bulb or stem.
 9. Insertion Length: Length required to match thermometer bulb or stem.
 10. Lagging Extension: Include on thermowells for insulated piping and tubing.
 11. Bushings: For converting size of thermowell's internal screw thread to size of
 thermometer connection.
 B. Heat-Transfer Medium: Mixture of graphite and glycerin.
 2.4 PRESSURE GAGES
 A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:
 1. Standard: ASME B40.100.
 2. Case: Liquid-filled Sealed Open-front, pressure relief type(s); cast aluminum or drawn
 steel; 6-inch (152-mm) nominal diameter.
 3. Pressure-Element Assembly: Bourdon tube unless otherwise indicated.
 4. Pressure Connection: Brass, with NPS 1/4 or NPS 1/2 , ASME B1.20.1 pipe threads and
 bottom-outlet type unless back-outlet type is indicated.
 5. Movement: Mechanical, with link to pressure element and connection to pointer.
 6. Dial: Nonreflective aluminum with permanently etched scale markings graduated in psi .
 7. Pointer: Dark-colored metal.
 8. Window: Glass or plastic.
 9. Ring: Metal.
 10. Accuracy: Grade A, plus or minus 1 percent of middle half of scale range.
 B. Direct-Mounted, Plastic-Case, Dial-Type Pressure Gages:
 1. Standard: ASME B40.100.
 2. Case: Sealed type; plastic; 6-inch (152-mm) nominal diameter.
 3. Pressure-Element Assembly: Bourdon tube unless otherwise indicated.
 4. Pressure Connection: Brass, with NPS 1/4 or NPS 1/2 (DN 8 or DN 15), ASME B1.20.1
 pipe threads and bottom-outlet type unless back-outlet type is indicated.
 5. Movement: Mechanical, with link to pressure element and connection to pointer.
 6. Dial: Nonreflective aluminum with permanently etched scale markings graduated in psi
 (kPa).
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 7. Pointer: Dark-colored metal.
 8. Window: Glass or plastic.
 9. Accuracy: Grade A, plus or minus 1 percent of middle half of scale range.
 C. Remote-Mounted, Metal-Case, Dial-Type Pressure Gages:
 1. Standard: ASME B40.100.
 2. Case: Liquid-filled type; cast aluminum or drawn steel; 6-inch (152-mm) nominal
 diameter with back flange and holes for panel mounting.
 3. Pressure-Element Assembly: Bourdon tube unless otherwise indicated.
 4. Pressure Connection: Brass, with NPS 1/4 or NPS 1/2 (DN 8 or DN 15), ASME B1.20.1
 pipe threads and bottom-outlet type unless back-outlet type is indicated.
 5. Movement: Mechanical, with link to pressure element and connection to pointer.
 6. Dial: Nonreflective aluminum with permanently etched scale markings graduated in psi
 (kPa).
 7. Pointer: Dark-colored metal.
 8. Window: Glass or plastic.
 9. Ring: Metal.
 10. Accuracy: Grade A, plus or minus 1 percent of middle half of scale range.
 D. Remote-Mounted, Plastic-Case, Dial-Type Pressure Gages:
 1. Standard: ASME B40.100.
 2. Case: Sealed type; plastic; 6-inch nominal diameter with back flange and holes for panel
 mounting.
 3. Pressure-Element Assembly: Bourdon tube unless otherwise indicated.
 4. Pressure Connection: Brass, with NPS 1/4 or NPS 1/2 ASME B1.20.1 pipe threads and
 bottom-outlet type unless back-outlet type is indicated.
 5. Movement: Mechanical, with link to pressure element and connection to pointer.
 6. Dial: Nonreflective aluminum with permanently etched scale markings graduated in psi
 (kPa).
 7. Pointer: Dark-colored metal.
 8. Window: Glass or plastic.
 9. Accuracy: Grade A, plus or minus 1 percent of middle half of scale range.
 2.5 GAGE ATTACHMENTS
 A. Snubbers: ASME B40.100, brass; with NPS 1/4 or NPS 1/2 , ASME B1.20.1 pipe threads and
 piston-type surge-dampening device. Include extension for use on insulated piping.
 B. Valves: Brass or stainless-steel needle, with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads.
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Install thermowells with socket extending to center of pipe and in vertical position in piping
 tees.
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 B. Install thermowells of sizes required to match thermometer connectors. Include bushings if
 required to match sizes.
 C. Install thermowells with extension on insulated piping.
 D. Fill thermowells with heat-transfer medium.
 E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.
 F. Install remote-mounted thermometer bulbs in thermowells and install cases on panels; connect
 cases with tubing and support tubing to prevent kinks. Use minimum tubing length.
 G. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at the
 most readable position.
 H. Install remote-mounted pressure gages on panel.
 I. Install valve and snubber in piping for each pressure gage for fluids.
 J. Install thermometers in the following locations:
 1. Inlet and outlet of each water heater.
 2. Inlets and outlets of each domestic water heat exchanger.
 3. Inlet and outlet of each domestic hot-water storage tank.
 4. Inlet and outlet of each remote domestic water chiller.
 K. Install pressure gages in the following locations:
 1. Building water service entrance into building.
 2. Suction and discharge of each domestic water pump.
 L. Install meters and gages adjacent to machines and equipment to allow service and maintenance
 of meters, gages, machines, and equipment.
 M. Adjust faces of meters and gages to proper angle for best visibility.
 3.2 THERMOMETER SCHEDULE
 A. Thermometers at inlet and outlet of each domestic water heater shall be one of the following:
 1. Liquid-filled, bimetallic-actuated type.
 2. Industrial-style, liquid-in-glass type.
 B. Thermometers at inlets and outlets of each domestic water heat exchanger shall be one of the
 following:
 1. Liquid-filled, bimetallic-actuated type.
 2. Industrial-style, liquid-in-glass type.
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 C. Thermometers at inlet and outlet of each domestic hot-water storage tank shall be one of the
 following:
 1. Liquid-filled, bimetallic-actuated type.
 2. Industrial-style, liquid-in-glass type.
 D. Thermometers at inlet and outlet of each remote domestic water chiller shall be one of the
 following:
 1. Liquid-filled, bimetallic-actuated type.
 2. Industrial-style, liquid-in-glass type.
 E. Thermometer stems shall be of length to match thermowell insertion length.
 3.3 THERMOMETER SCALE-RANGE SCHEDULE
 A. Scale Range for Domestic Cold-Water Piping: 0 to 100 deg F
 B. Scale Range for Domestic Hot-Water Piping: 0 to 250 deg F
 C. Scale Range for Domestic Cooled-Water Piping: 0 to 100 deg F
 3.4 PRESSURE-GAGE SCHEDULE
 A. Pressure gages at discharge of each water service into building shall be one of the following:
 1. Liquid-filled Open-front, pressure-relief, direct-mounted, metal case.
 2. Sealed, direct-mounted, plastic case.
 B. Pressure gages at inlet and outlet of each water pressure-reducing valve shall be one of the
 following:
 1. Liquid-filled Open-front, pressure-relief, direct-mounted, metal case.
 2. Sealed, direct-mounted, plastic case.
 C. Pressure gages at suction and discharge of each domestic water pump shall be one of the
 following:
 1. Liquid-filled Open-front, pressure-relief, direct-mounted, metal case.
 2. Sealed, direct-mounted, plastic case.
 3.5 PRESSURE-GAGE SCALE-RANGE SCHEDULE
 A. Scale Range for Water Service Piping: 0 to 200 psi .
 B. Scale Range for Domestic Water Piping: 0 to 100 psi (0 to 600 kPa).
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 END OF SECTION 220519
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 SECTION 220523.12
 BALL VALVES FOR PLUMBING PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Bronze ball valves.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of valve.
 1. Certification that products comply with NSF 61 Annex G and NSF 372.
 PART 2 - PRODUCTS
 2.1 GENERAL REQUIREMENTS FOR VALVES
 A. Source Limitations for Valves: Obtain each type of valve from single source from single
 manufacturer.
 B. ASME Compliance:
 1. ASME B1.20.1 for threads for threaded end valves.
 2. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
 3. ASME B16.18 for solder-joint connections.
 4. ASME B31.9 for building services piping valves.
 C. NSF Compliance: NSF 61 Annex G and NSF 372 for valve materials for potable-water service.
 D. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with
 copper alloy (brass) containing more than 15 percent zinc are not permitted.
 E. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system
 pressures and temperatures.
 F. Valve Sizes: Same as upstream piping unless otherwise indicated.
 G. Valve Actuator Types:
 1. Handlever: For quarter-turn valves smaller than NPS 4.
 H. Valves in Insulated Piping:
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 1. Include 2-inch stem extensions.
 2. Extended operating handles of nonthermal-conductive material and protective sleeves
 that allow operation of valves without breaking vapor seals or disturbing insulation.
 3. Memory stops that are fully adjustable after insulation is applied.
 2.2 BRONZE BALL VALVES
 A. Two-Piece, Bronze Ball Valves with Full Port, and Bronze or Brass Trim:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Milwaukee Valve Company.
 b. NIBCO INC.
 c. Watts; a Watts Water Technologies company.
 2. Description:
 a. Standard: MSS SP-110.
 b. CWP Rating: 600 psig
 c. Body Design: Two piece.
 d. Body Material: Bronze.
 e. Ends: Threaded and soldered.
 f. Seats: PTFE.
 g. Stem: Bronze or brass.
 h. Ball: Chrome-plated brass.
 i. Port: Full.
 PART 3 - EXECUTION
 3.1 VALVE INSTALLATION
 A. Install valves with unions or flanges at each piece of equipment arranged to allow service,
 maintenance, and equipment removal without system shutdown.
 B. Locate valves for easy access and provide separate support where necessary.
 C. Install valves in horizontal piping with stem at or above center of pipe.
 D. Install valves in position to allow full stem movement.
 3.2 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
 A. If valves with specified CWP ratings are unavailable, the same types of valves with higher CWP
 ratings may be substituted.
 http://www.specagent.com/Lookup?ulid=9499
 http://www.specagent.com/Lookup?uid=123456984920
 http://www.specagent.com/Lookup?uid=123456984921
 http://www.specagent.com/Lookup?uid=123456984922
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 B. Select valves with the following end connections:
 1. For Copper Tubing, NPS 2 and Smaller: Threaded ends except where solder-joint valve-
 end option is indicated in valve schedules below.
 2. For Steel Piping, NPS 2 and Smaller: Threaded ends.
 3.3 DOMESTIC HOT- AND COLD-WATER VALVE SCHEDULE
 A. Pipe NPS 2 and Smaller:
 1. Bronze Valves: May be provided with solder-joint ends instead of threaded ends.
 2. One piece, brass ball valve.
 3. One piece, bronze ball valve with bronze trim.
 4. Two-piece, brass ball valves with full port and brass trim.
 5. Two-piece, bronze ball valves with full port and bronze or brass trim.
 END OF SECTION 220523.12
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 SECTION 220523.14
 CHECK VALVES FOR PLUMBING PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Bronze swing check valves.
 2. Iron swing check valves.
 3. Iron swing check valves with closure control.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of valve.
 1. Certification that products comply with NSF 61 Annex G and NSF 372.
 PART 2 - PRODUCTS
 2.1 GENERAL REQUIREMENTS FOR VALVES
 A. Source Limitations for Valves: Obtain each type of valve from single source from single
 manufacturer.
 B. ASME Compliance:
 1. ASME B1.20.1 for threads for threaded end valves.
 2. ASME B16.1 for flanges on iron valves.
 3. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
 4. ASME B16.18 for solder joint.
 5. ASME B31.9 for building services piping valves.
 C. NSF Compliance: NSF 61 Annex G and NSF 372 for valve materials for potable-water service.
 D. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with
 copper alloy (brass) containing more than 15 percent zinc are not permitted.
 E. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system
 pressures and temperatures.
 F. Valve Sizes: Same as upstream piping unless otherwise indicated.
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 G. Valve Bypass and Drain Connections: MSS SP-45.
 2.2 BRONZE SWING CHECK VALVES
 A. Class 125, Bronze Swing Check Valves with Bronze Disc:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Milwaukee Valve Company.
 b. NIBCO INC.
 c. Watts; a Watts Water Technologies company.
 2. Description:
 a. Standard: MSS SP-80, Type 3.
 b. CWP Rating: 200 psig .
 c. Body Design: Horizontal flow.
 d. Body Material: ASTM B 62, bronze.
 e. Ends: Threaded or soldered. See valve schedule articles.
 f. Disc: Bronze.
 PART 3 - EXECUTION
 3.1 VALVE INSTALLATION
 A. Install valves with unions or flanges at each piece of equipment arranged to allow service,
 maintenance, and equipment removal without system shutdown.
 B. Locate valves for easy access and provide separate support where necessary.
 C. Install valves in horizontal piping with stem at or above center of pipe.
 D. Install valves in position to allow full stem movement.
 E. Install swing check valves for proper direction of flow in horizontal position with hinge pin
 level.
 3.2 ADJUSTING
 A. Adjust or replace valve packing after piping systems have been tested and put into service but
 before final adjusting and balancing. Replace valves if persistent leaking occurs.
 http://www.specagent.com/Lookup?ulid=9519
 http://www.specagent.com/Lookup?uid=123456985081
 http://www.specagent.com/Lookup?uid=123456985082
 http://www.specagent.com/Lookup?uid=123456985085
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 3.3 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
 A. If valve applications are not indicated, use the following:
 1. Pump-Discharge Check Valves:
 a. NPS 2 and Smaller: Bronze swing check valves with bronze disc.
 B. If valves with specified CWP ratings are unavailable, the same types of valves with higher CWP
 ratings may be substituted.
 C. End Connections:
 1. For Copper Tubing, NPS 2 and Smaller: Threaded or soldered.
 2. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged or threaded.
 3.4 DOMESTIC HOT- AND COLD-WATER VALVE SCHEDULE
 A. Pipe NPS 2 and Smaller: Bronze swing check valves, Class 125, bronze disc with soldered end
 connections.
 END OF SECTION 220523.14
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 SECTION 220523.15
 GATE VALVES FOR PLUMBING PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Iron gate valves.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of valve.
 1. Certification that products comply with NSF 61 Annex G and NSF 372.
 PART 2 - PRODUCTS
 2.1 GENERAL REQUIREMENTS FOR VALVES
 A. Source Limitations for Valves: Obtain each type of valve from single source from single
 manufacturer.
 B. ASME Compliance:
 1. ASME B1.20.1 for threads for threaded end valves.
 2. ASME B16.1 for flanges on iron valves.
 3. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
 4. ASME B16.18 for solder joint.
 5. ASME B31.9 for building services piping valves.
 C. NSF Compliance: NSF 61 Annex G and NSF 372 for valve materials for potable-water service.
 D. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with
 copper alloy (brass) containing more than 15 percent zinc are not permitted.
 E. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system
 pressures and temperatures.
 F. Valve Sizes: Same as upstream piping unless otherwise indicated.
 G. RS Valves in Insulated Piping: With 2-inch stem extensions.
 H. Valve Bypass and Drain Connections: MSS SP-45.
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 2.2 IRON GATE VALVES
 A. Class 125, NRS, Iron Gate Valves:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Milwaukee Valve Company.
 b. NIBCO INC.
 c. Watts; a Watts Water Technologies company.
 2. Description:
 a. Standard: MSS SP-70, Type I.
 b. CWP Rating: 200 psig (1380 kPa).
 c. Body Material: Gray iron with bolted bonnet.
 d. Ends: Flanged.
 e. Trim: Bronze.
 f. Disc: Solid wedge.
 g. Packing and Gasket: Asbestos free.
 PART 3 - EXECUTION
 3.1 VALVE INSTALLATION
 A. Install valves with unions or flanges at each piece of equipment arranged to allow service,
 maintenance, and equipment removal without system shutdown.
 B. Locate valves for easy access and provide separate support where necessary.
 C. Install valves in horizontal piping with stem at or above center of pipe.
 D. Install valves in position to allow full stem movement.
 3.2 ADJUSTING
 A. Adjust or replace valve packing after piping systems have been tested and put into service but
 before final adjusting and balancing. Replace valves if persistent leaking occurs.
 3.3 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
 A. Use gate valves for shutoff service only.
 B. If valves with specified CWP ratings are unavailable, the same types of valves with higher CWP
 ratings may be substituted.
 http://www.specagent.com/Lookup?ulid=9549
 http://www.specagent.com/Lookup?uid=123456985342
 http://www.specagent.com/Lookup?uid=123456985343
 http://www.specagent.com/Lookup?uid=123456985346
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 3.4 DOMESTIC HOT- AND COLD-WATER VALVE SCHEDULE
 A. Pipe NPS 2-1/2 and Larger: Iron gate valves, Class 125, NRS with flanged ends.
 END OF SECTION 220523.15
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 SECTION 220529
 HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Metal pipe hangers and supports.
 2. Trapeze pipe hangers.
 3. Thermal-hanger shield inserts.
 4. Fastener systems.
 5. Pipe positioning systems.
 6. Equipment supports.
 1.2 PERFORMANCE REQUIREMENTS
 A. Delegated Design: Design trapeze pipe hangers and equipment supports, including
 comprehensive engineering analysis by a qualified professional engineer, using performance
 requirements and design criteria indicated.
 B. Structural Performance: Hangers and supports for plumbing piping and equipment shall
 withstand the effects of gravity loads and stresses within limits and under conditions indicated
 according to ASCE/SEI 7.
 1. Design supports for multiple pipes capable of supporting combined weight of supported
 systems, system contents, and test water.
 2. Design equipment supports capable of supporting combined operating weight of
 supported equipment and connected systems and components.
 1.3 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 B. Delegated-Design Submittal: For trapeze hangers indicated to comply with performance
 requirements and design criteria, including analysis data signed and sealed by the qualified
 professional engineer responsible for their preparation.
 1.4 INFORMATIONAL SUBMITTALS
 A. Welding certificates.
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 1.5 QUALITY ASSURANCE
 A. Structural Steel Welding Qualifications: Qualify procedures and personnel according to
 AWS D1.1/D1.1M, "Structural Welding Code - Steel."
 B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and
 Pressure Vessel Code.
 PART 2 - PRODUCTS
 2.1 METAL PIPE HANGERS AND SUPPORTS
 A. Carbon-Steel Pipe Hangers and Supports:
 1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
 2. Galvanized Metallic Coatings: Pregalvanized or hot dipped.
 3. Nonmetallic Coatings: Plastic coating, jacket, or liner.
 4. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to
 support bearing surface of piping.
 5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.
 B. Stainless-Steel Pipe Hangers and Supports:
 1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
 2. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to
 support bearing surface of piping.
 3. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel.
 C. Copper Pipe Hangers:
 1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated
 components.
 2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated steel.
 2.2 TRAPEZE PIPE HANGERS
 A. Description: MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from
 structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-
 bolts.
 2.3 THERMAL-HANGER SHIELD INSERTS
 A. Insulation-Insert Material for Cold Piping: ASTM C 552, Type II cellular glass with 100-psig
 (688-kPa) or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig (862-kPa)
 minimum compressive strength and vapor barrier.
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 B. Insulation-Insert Material for Hot Piping: ASTM C 552, Type II cellular glass with 100-psig
 (688-kPa) or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig (862-kPa)
 minimum compressive strength.
 C. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe.
 D. For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.
 E. Insert Length: Extend 2 inches (50 mm) beyond sheet metal shield for piping operating below
 ambient air temperature.
 2.4 FASTENER SYSTEMS
 A. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement concrete
 with pull-out, tension, and shear capacities appropriate for supported loads and building
 materials where used.
 B. Mechanical-Expansion Anchors: Insert-wedge-type, stainless- steel anchors, for use in hardened
 portland cement concrete; with pull-out, tension, and shear capacities appropriate for supported
 loads and building materials where used.
 2.5 PIPE POSITIONING SYSTEMS
 A. Description: IAPMO PS 42, positioning system of metal brackets, clips, and straps for
 positioning piping in pipe spaces; for plumbing fixtures in commercial applications.
 2.6 EQUIPMENT SUPPORTS
 A. Description: Welded, shop- or field-fabricated equipment support made from structural carbon-
 steel shapes.
 2.7 MISCELLANEOUS MATERIALS
 A. Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and
 galvanized.
 B. Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and
 nonmetallic grout; suitable for interior and exterior applications.
 1. Properties: Nonstaining, noncorrosive, and nongaseous.
 2. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.
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 PART 3 - EXECUTION
 3.1 HANGER AND SUPPORT INSTALLATION
 A. Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install hangers,
 supports, clamps, and attachments as required to properly support piping from the building
 structure.
 B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Arrange for
 grouping of parallel runs of horizontal piping, and support together on field-fabricated trapeze
 pipe hangers.
 1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe size or
 install intermediate supports for smaller diameter pipes as specified for individual pipe
 hangers.
 2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads being
 supported. Weld steel according to AWS D1.1/D1.1M.
 C. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.
 D. Fastener System Installation:
 1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less
 than 4 inches (100 mm) thick in concrete after concrete is placed and completely cured.
 Use operators that are licensed by powder-actuated tool manufacturer. Install fasteners
 according to powder-actuated tool manufacturer's operating manual.
 2. Install mechanical-expansion anchors in concrete after concrete is placed and completely
 cured. Install fasteners according to manufacturer's written instructions.
 E. Pipe Positioning-System Installation: Install support devices to make rigid supply and waste
 piping connections to each plumbing fixture.
 F. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts,
 washers, and other accessories.
 G. Equipment Support Installation: Fabricate from welded-structural-steel shapes.
 H. Install hangers and supports to allow controlled thermal and seismic movement of piping
 systems, to permit freedom of movement between pipe anchors, and to facilitate action of
 expansion joints, expansion loops, expansion bends, and similar units.
 I. Install lateral bracing with pipe hangers and supports to prevent swaying.
 J. Install building attachments within concrete slabs or attach to structural steel. Install additional
 attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 (DN 65)
 and larger and at changes in direction of piping. Install concrete inserts before concrete is
 placed; fasten inserts to forms and install reinforcing bars through openings at top of inserts.
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 K. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses
 from movement will not be transmitted to connected equipment.
 L. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed
 maximum pipe deflections allowed by ASME B31.9 for building services piping.
 M. Insulated Piping:
 1. Attach clamps and spacers to piping.
 a. Piping Operating above Ambient Air Temperature: Clamp may project through
 insulation.
 b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield
 insert with clamp sized to match OD of insert.
 c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services
 piping.
 2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is
 indicated. Fill interior voids with insulation that matches adjoining insulation.
 a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
 distribution plate for pipe NPS 4 (DN 100) and larger if pipe is installed on rollers.
 3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. Shields
 shall span an arc of 180 degrees.
 a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
 distribution plate for pipe NPS 4 (DN 100) and larger if pipe is installed on rollers.
 4. Shield Dimensions for Pipe: Not less than the following:
 a. NPS 1/4 to NPS 3-1/2 (DN 8 to DN 90): 12 inches (305 mm) long and 0.048 inch
 (1.22 mm) thick.
 b. NPS 4 (DN 100): 12 inches (305 mm) long and 0.06 inch (1.52 mm) thick.
 c. NPS 5 and NPS 6 (DN 125 and DN 150): 18 inches (457 mm) long and 0.06 inch
 (1.52 mm) thick.
 d. NPS 8 to NPS 14 (DN 200 to DN 350): 24 inches (610 mm) long and 0.075 inch
 (1.91 mm) thick.
 e. NPS 16 to NPS 24 (DN 400 to DN 600): 24 inches (610 mm) long and 0.105 inch
 (2.67 mm) thick.
 5. Pipes NPS 8 (DN 200) and Larger: Include wood or reinforced calcium-silicate-
 insulation inserts of length at least as long as protective shield.
 6. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.
 3.2 EQUIPMENT SUPPORTS
 A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support
 equipment above floor.
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 B. Grouting: Place grout under supports for equipment and make bearing surface smooth.
 C. Provide lateral bracing, to prevent swaying, for equipment supports.
 3.3 METAL FABRICATIONS
 A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment
 supports.
 B. Fit exposed connections together to form hairline joints. Field weld connections that cannot be
 shop welded because of shipping size limitations.
 C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding;
 appearance and quality of welds; and methods used in correcting welding work; and with the
 following:
 1. Use materials and methods that minimize distortion and develop strength and corrosion
 resistance of base metals.
 2. Obtain fusion without undercut or overlap.
 3. Remove welding flux immediately.
 4. Finish welds at exposed connections so no roughness shows after finishing and so
 contours of welded surfaces match adjacent contours.
 3.4 ADJUSTING
 A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve
 indicated slope of pipe.
 B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches (40 mm).
 3.5 PAINTING
 A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately
 after erecting hangers and supports. Use same materials as used for shop painting. Comply with
 SSPC-PA 1 requirements for touching up field-painted surfaces.
 1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils (0.05
 mm).
 B. Touchup: Cleaning and touchup painting of field welds, bolted connections, and abraded areas
 of shop paint on miscellaneous metal are specified in Section 099600 "High-Performance
 Coatings."
 C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply
 galvanizing-repair paint to comply with ASTM A 780.
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 3.6 HANGER AND SUPPORT SCHEDULE
 A. Specific hanger and support requirements are in Sections specifying piping systems and
 equipment.
 B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in
 piping system Sections.
 C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will
 not have field-applied finish.
 D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in
 direct contact with copper tubing.
 E. Use carbon-steel pipe hangers and supports and metal trapeze pipe hangers and attachments for
 general service applications.
 F. Use stainless-steel pipe hangers and stainless-steel or corrosion-resistant attachments for hostile
 environment applications.
 G. Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
 H. Use padded hangers for piping that is subject to scratching.
 I. Use thermal-hanger shield inserts for insulated piping and tubing.
 J. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in
 piping system Sections, install the following types:
 1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or
 insulated, stationary pipes NPS 1/2 to NPS 30 (DN 15 to DN 750).
 2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F (566 deg C),
 pipes NPS 4 to NPS 24 (DN 100 to DN 600), requiring up to 4 inches (100 mm) of
 insulation.
 3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension of
 pipes NPS 3/4 to NPS 36 (DN 20 to DN 900), requiring clamp flexibility and up to 4
 inches (100 mm) of insulation.
 4. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated,
 stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200).
 5. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30 (DN 15 to
 DN 750).
 6. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36 (DN 100 to
 DN 900), with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel
 plate.
 7. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36 (DN 100
 to DN 900), with steel-pipe base stanchion support and cast-iron floor flange or carbon-
 steel plate, and with U-bolt to retain pipe.
 8. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30 (DN 25 to
 DN 750), from two rods if longitudinal movement caused by expansion and contraction
 might occur.
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 9. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 (DN 50 to
 DN 1050) if longitudinal movement caused by expansion and contraction might occur but
 vertical adjustment is not necessary.
 K. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system
 Sections, install the following types:
 1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to
 NPS 24 (DN 24 to DN 600).
 2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4
 to NPS 24 (DN 20 to DN 600) if longer ends are required for riser clamps.
 L. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system
 Sections, install the following types:
 1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches (150 mm) for heavy
 loads.
 2. Steel Clevises (MSS Type 14): For 120 to 450 deg F (49 to 232 deg C) piping
 installations.
 M. Building Attachments: Unless otherwise indicated and except as specified in piping system
 Sections, install the following types:
 1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend
 pipe hangers from concrete ceiling.
 2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-joist
 construction, to attach to top flange of structural shape.
 3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of beams,
 channels, or angles.
 4. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of beams.
 5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if loads are
 considerable and rod sizes are large.
 6. C-Clamps (MSS Type 23): For structural shapes.
 7. Welded-Steel Brackets: For support of pipes from below, or for suspending from above
 by using clip and rod. Use one of the following for indicated loads:
 a. Light (MSS Type 31): 750 lb (340 kg).
 b. Medium (MSS Type 32): 1500 lb (680 kg).
 c. Heavy (MSS Type 33): 3000 lb (1360 kg).
 8. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
 9. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is required.
 N. Saddles and Shields: Unless otherwise indicated and except as specified in piping system
 Sections, install the following types:
 1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with
 insulation that matches adjoining insulation.
 2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer
 to prevent crushing insulation.
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 3. Thermal-Hanger Shield Inserts: For supporting insulated pipe.
 O. Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping
 system Sections, install the following types:
 1. Spring Cushions (MSS Type 48): For light loads if vertical movement does not exceed 1-
 1/4 inches (32 mm).
 2. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41, roll hanger with
 springs.
 3. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load and limit
 variability factor to 25 percent to allow expansion and contraction of piping system from
 base support.
 P. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not
 specified in piping system Sections.
 Q. Use powder-actuated fasteners or mechanical-expansion anchors instead of building
 attachments where required in concrete construction.
 R. Use pipe positioning systems in pipe spaces behind plumbing fixtures to support supply and
 waste piping for plumbing fixtures.
 END OF SECTION 220529
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 SECTION 220553
 IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Equipment labels.
 2. Warning signs and labels.
 3. Pipe labels.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 PART 2 - PRODUCTS
 2.1 EQUIPMENT LABELS
 A. Metal Labels for Equipment:
 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 a. Brimar Industries, Inc.
 b. Craftmark Pipe Markers.
 c. Kolbi Pipe Marker Co.
 2. Material and Thickness: anodized aluminum, 0.032-inch (0.8-mm) minimum thickness,
 and having predrilled or stamped holes for attachment hardware.
 3. Letter Color: Black.
 4. Background Color: White.
 5. Minimum Label Size: Length and width vary for required label content, but not less than
 2-1/2 by 3/4 inch (64 by 19 mm).
 6. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance is less than
 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm),
 and proportionately larger lettering for greater viewing distances. Include secondary
 lettering two-thirds to three-quarters the size of principal lettering.
 7. Fasteners: Stainless-steel rivets or self-tapping screws.
 8. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
 http://www.specagent.com/Lookup?ulid=9462
 http://www.specagent.com/Lookup?uid=123456943425
 http://www.specagent.com/Lookup?uid=123456943428
 http://www.specagent.com/Lookup?uid=123456943430
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 B. Label Content: Include equipment's Drawing designation or unique equipment number,
 Drawing numbers where equipment is indicated (plans, details, and schedules), and the
 Specification Section number and title where equipment is specified.
 C. Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch (A4)
 bond paper. Tabulate equipment identification number, and identify Drawing numbers where
 equipment is indicated (plans, details, and schedules) and the Specification Section number and
 title where equipment is specified. Equipment schedule shall be included in operation and
 maintenance data.
 2.2 WARNING SIGNS AND LABELS
 A. Manufacturers: Subject to compliance with requirements, available manufacturers offering
 products that may be incorporated into the Work include, but are not limited to the following:
 1. Brimar Industries, Inc.
 2. Craftmark Pipe Markers.
 3. Marking Sevices Inc.
 B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,1/8 inch
 (3.2 mm) thick, and having predrilled holes for attachment hardware.
 C. Letter Color: Black.
 D. Background Color: Yellow.
 E. Maximum Temperature: Able to withstand temperatures up to 160 deg F (71 deg C).
 F. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2
 by 3/4 inch (64 by 19 mm).
 G. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24
 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and
 proportionately larger lettering for greater viewing distances. Include secondary lettering two-
 thirds to three-quarters the size of principal lettering.
 H. Fasteners: Stainless-steel rivets or self-tapping screws.
 I. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
 J. Label Content: Include caution and warning information plus emergency notification
 instructions.
 2.3 PIPE LABELS
 A. <Double click here to find, evaluate, and insert list of manufacturers and products.>
 http://www.specagent.com/Lookup?ulid=9464
 http://www.specagent.com/Lookup?uid=123456943445
 http://www.specagent.com/Lookup?uid=123456943448
 http://www.specagent.com/Lookup?uid=123456943451
 http://www.specagent.com/LookUp/?ulid=9465&mf=04&src=wd
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 B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering
 indicating service, and showing flow direction.
 C. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to partially cover circumference
 of pipe and to attach to pipe without fasteners or adhesive.
 D. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.
 E. Pipe Label Contents: Include identification of piping service using same designations or
 abbreviations as used on Drawings; also include pipe size and an arrow indicating flow
 direction.
 1. Flow-Direction Arrows: Integral with piping-system service lettering to accommodate
 both directions or as separate unit on each pipe label to indicate flow direction.
 2. Lettering Size: Size letters according to ASME A13.1 for piping.
 PART 3 - EXECUTION
 3.1 EQUIPMENT LABEL INSTALLATION
 A. Install or permanently fasten labels on each major item of mechanical equipment.
 B. Locate equipment labels where accessible and visible.
 3.2 PIPE LABEL INSTALLATION
 A. Piping Color Coding: Painting of piping is specified in Section 099600 "High-Performance
 Coatings."
 B. Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings
 in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and
 plenums; and exterior exposed locations as follows:
 1. Near each valve and control device.
 2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.
 Where flow pattern is not obvious, mark each pipe at branch.
 3. Near penetrations and on both sides of through walls, floors, ceilings, and inaccessible
 enclosures.
 4. At access doors, manholes, and similar access points that permit view of concealed
 piping.
 5. Near major equipment items and other points of origination and termination.
 6. Spaced at maximum intervals of 50 feet (15 m) along each run. Reduce intervals to 25
 feet (7.6 m) in areas of congested piping and equipment.
 7. On piping above removable acoustical ceilings. Omit intermediately spaced labels.
 C. Pipe Label Color Schedule:
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 1. Domestic Water Piping
 a. Background: Safety green.
 b. Letter Colors: White.
 2. Sanitary Waste Piping:
 a. Background Color: Safety gray.
 b. Letter Color: Black.
 END OF SECTION 220553
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 SECTION 220719
 PLUMBING PIPING INSULATION
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section includes insulating the following plumbing piping services:
 1. Domestic hot-water piping.
 2. Domestic recirculating hot-water piping.
 3. Sanitary waste piping exposed to freezing conditions.
 4. Supplies and drains for handicap-accessible lavatories and sinks.
 B. Related Sections:
 1. Section 220716 "Plumbing Equipment Insulation."
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.
 1. Detail application of protective shields, saddles, and inserts at hangers for each type of
 insulation and hanger.
 2. Detail attachment and covering of heat tracing inside insulation.
 3. Detail insulation application at pipe expansion joints for each type of insulation.
 4. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each
 type of insulation.
 5. Detail removable insulation at piping specialties, equipment connections, and access
 panels.
 6. Detail application of field-applied jackets.
 7. Detail application at linkages of control devices.
 1.3 INFORMATIONAL SUBMITTALS
 A. Field quality-control reports.
 1.4 QUALITY ASSURANCE
 A. Surface-Burning Characteristics: For insulation and related materials, as determined by testing
 identical products according to ASTM E 84 by a testing agency acceptable to authorities having
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 jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and
 cement material containers, with appropriate markings of applicable testing agency.
 1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
 index of 50 or less.
 2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed
 index of 150 or less.
 B. Comply with the following applicable standards and other requirements specified for
 miscellaneous components:
 1. Supply and Drain Protective Shielding Guards: ICC A117.1.
 PART 2 - PRODUCTS
 2.1 INSULATION MATERIALS
 A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation
 Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground
 Piping Insulation Schedule" articles for where insulating materials shall be applied.
 B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
 C. Products that come in contact with stainless steel shall have a leachable chloride content of less
 than 50 ppm when tested according to ASTM C 871.
 D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable
 according to ASTM C 795.
 E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing
 process.
 F. Cellular Glass: Inorganic, incombustible, foamed or cellulated glass with annealed, rigid,
 hermetically sealed cells. Factory-applied jacket requirements are specified in "Factory-Applied
 Jackets" Article.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Pittsburgh Corning Corporation.
 2. Special-Shaped Insulation: ASTM C 552, Type III.
 3. Preformed Pipe Insulation without Jacket: Comply with ASTM C 552, Type II, Class 1.
 4. Preformed Pipe Insulation with Factory-Applied ASJ-SSL: Comply with ASTM C 552,
 Type II, Class 2.
 5. Factory fabricate shapes according to ASTM C 450 and ASTM C 585.
 http://www.specagent.com/Lookup?ulid=1886
 http://www.specagent.com/Lookup?uid=123456820330
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 G. Flexible Elastomeric Insulation: Closed-cell, sponge- or expanded-rubber materials. Comply
 with ASTM C 534, Type I for tubular materials.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Aeroflex USA, Inc.
 b. Armacell LLC.
 c. K-Flex USA.
 H. Mineral-Fiber, Preformed Pipe Insulation:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Knauf Insulation.
 b. Manson Insulation Inc.
 c. Owens Corning.
 2. Type I, 850 Deg F (454 Deg C) Materials: Mineral or glass fibers bonded with a
 thermosetting resin. Comply with ASTM C 547, Type I, Grade A, with factory-applied
 ASJ-SSL. Factory-applied jacket requirements are specified in "Factory-Applied Jackets"
 Article.
 2.2 INSULATING CEMENTS
 A. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C 449.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Ramco Insulation, Inc.
 2.3 ADHESIVES
 A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding
 insulation to itself and to surfaces to be insulated, unless otherwise indicated.
 B. Cellular-Glass Adhesive: Two-component, thermosetting urethane adhesive containing no
 flammable solvents, with a service temperature range of minus 100 to plus 200 deg F (minus 73
 to plus 93 deg C).
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 http://www.specagent.com/Lookup?ulid=1887
 http://www.specagent.com/Lookup?uid=123456820331
 http://www.specagent.com/Lookup?uid=123456820332
 http://www.specagent.com/Lookup?uid=123456820334
 http://www.specagent.com/Lookup?ulid=1889
 http://www.specagent.com/Lookup?uid=123456820340
 http://www.specagent.com/Lookup?uid=123456820341
 http://www.specagent.com/Lookup?uid=123456820342
 http://www.specagent.com/Lookup?ulid=1896
 http://www.specagent.com/Lookup?uid=123456820348
 http://www.specagent.com/Lookup?ulid=1897
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 a. Foster Brand; H. B. Fuller Construction Products.
 2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 3. Adhesive shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic
 Emissions from Various Sources Using Small-Scale Environmental Chambers."
 C. Flexible Elastomeric and Polyolefin Adhesive: Comply with MIL-A-24179A, Type II, Class I.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Aeroflex USA, Inc.
 b. Armacell LLC.
 c. Foster Brand; H. B. Fuller Construction Products.
 2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 3. Adhesive shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic
 Emissions from Various Sources Using Small-Scale Environmental Chambers."
 D. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Eagle Bridges - Marathon Industries.
 b. Foster Brand; H. B. Fuller Construction Products.
 c. Mon-Eco Industries, Inc.
 2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 3. Adhesive shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic
 Emissions from Various Sources Using Small-Scale Environmental Chambers."
 E. ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for
 bonding insulation jacket lap seams and joints.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Eagle Bridges - Marathon Industries.
 b. Foster Brand; H. B. Fuller Construction Products.
 c. Mon-Eco Industries, Inc.
 http://www.specagent.com/Lookup?uid=123456820350
 http://www.specagent.com/Lookup?ulid=1898
 http://www.specagent.com/Lookup?uid=123456820352
 http://www.specagent.com/Lookup?uid=123456820353
 http://www.specagent.com/Lookup?uid=123456820355
 http://www.specagent.com/Lookup?ulid=1900
 http://www.specagent.com/Lookup?uid=123456820360
 http://www.specagent.com/Lookup?uid=123456820362
 http://www.specagent.com/Lookup?uid=123456820364
 http://www.specagent.com/Lookup?ulid=1902
 http://www.specagent.com/Lookup?uid=123456820367
 http://www.specagent.com/Lookup?uid=123456820371
 http://www.specagent.com/Lookup?uid=123456820375
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 2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 3. Adhesive shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic
 Emissions from Various Sources Using Small-Scale Environmental Chambers."
 F. PVC Jacket Adhesive: Compatible with PVC jacket.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Dow Corning Corporation.
 b. Johns Manville; a Berkshire Hathaway company.
 c. P.I.C. Plastics, Inc.
 2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 3. Adhesive shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic
 Emissions from Various Sources Using Small-Scale Environmental Chambers."
 2.4 MASTICS
 A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with
 MIL-PRF-19565C, Type II.
 1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 B. Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Foster Brand; H. B. Fuller Construction Products.
 b. Vimasco Corporation.
 2. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm (0.009 metric
 perm) at 43-mil (1.09-mm) dry film thickness.
 3. Service Temperature Range: Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C).
 4. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.
 5. Color: White.
 C. Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services.
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 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Eagle Bridges - Marathon Industries.
 b. Foster Brand; H. B. Fuller Construction Products.
 c. Knauf Insulation.
 2. Water-Vapor Permeance: ASTM F 1249, 1.8 perms (1.2 metric perms) at 0.0625-inch
 (1.6-mm) dry film thickness.
 3. Service Temperature Range: Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C).
 4. Solids Content: 60 percent by volume and 66 percent by weight.
 5. Color: White.
 2.5 SEALANTS
 A. Joint Sealants:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Eagle Bridges - Marathon Industries.
 b. Foster Brand; H. B. Fuller Construction Products.
 c. Pittsburgh Corning Corporation.
 2. Materials shall be compatible with insulation materials, jackets, and substrates.
 3. Permanently flexible, elastomeric sealant.
 4. Service Temperature Range: Minus 100 to plus 300 deg F (Minus 73 to plus 149 deg C).
 5. Color: White or gray.
 6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 7. Sealants shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic
 Emissions from Various Sources Using Small-Scale Environmental Chambers."
 B. FSK and Metal Jacket Flashing Sealants:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Eagle Bridges - Marathon Industries.
 b. Foster Brand; H. B. Fuller Construction Products.
 c. Mon-Eco Industries, Inc.
 2. Materials shall be compatible with insulation materials, jackets, and substrates.
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 3. Fire- and water-resistant, flexible, elastomeric sealant.
 4. Service Temperature Range: Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C).
 5. Color: Aluminum.
 6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 7. Sealants shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic
 Emissions from Various Sources Using Small-Scale Environmental Chambers."
 C. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Childers Brand; H. B. Fuller Construction Products.
 2. Materials shall be compatible with insulation materials, jackets, and substrates.
 3. Fire- and water-resistant, flexible, elastomeric sealant.
 4. Service Temperature Range: Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C).
 5. Color: White.
 6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 7. Sealants shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic
 Emissions from Various Sources Using Small-Scale Environmental Chambers."
 2.6 FACTORY-APPLIED JACKETS
 A. Insulation system schedules indicate factory-applied jackets on various applications. When
 factory-applied jackets are indicated, comply with the following:
 1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing;
 complying with ASTM C 1136, Type I.
 2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a
 removable protective strip; complying with ASTM C 1136, Type I.
 3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
 complying with ASTM C 1136, Type II.
 2.7 FIELD-APPLIED FABRIC-REINFORCING MESH
 A. Woven Polyester Fabric: Approximately 1 oz./sq. yd. (34 g/sq. m) with a thread count of 10
 strands by 10 strands/sq. in. (4 strands by 4 strands/sq. mm), in a Leno weave, for pipe.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
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 a. Foster Brand; H. B. Fuller Construction Products.
 b. Vimasco Corporation.
 2.8 FIELD-APPLIED JACKETS
 A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
 B. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784,
 Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.
 Thickness is indicated in field-applied jacket schedules.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Johns Manville; a Berkshire Hathaway company.
 b. P.I.C. Plastics, Inc.
 c. Proto Corporation.
 2. Adhesive: As recommended by jacket material manufacturer.
 3. Color: White.
 4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.
 a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges,
 unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and
 supply covers for lavatories.
 C. Aluminum Jacket: Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or
 5005, Temper H-14.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Childers Brand; H. B. Fuller Construction Products.
 b. ITW Insulation Systems; Illinois Tool Works, Inc.
 c. RPR Products, Inc.
 2. Sheet and roll stock ready for shop or field sizing.
 3. Finish and thickness are indicated in field-applied jacket schedules.
 4. Moisture Barrier for Indoor Applications: 3-mil- (0.075-mm-) thick, heat-bonded
 polyethylene and kraft paper.
 5. Moisture Barrier for Outdoor Applications: 3-mil- (0.075-mm-) thick, heat-bonded
 polyethylene and kraft paper.
 6. Factory-Fabricated Fitting Covers:
 a. Same material, finish, and thickness as jacket.
 b. Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius elbows.
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 c. Tee covers.
 d. Flange and union covers.
 e. End caps.
 f. Beveled collars.
 g. Valve covers.
 h. Field fabricate fitting covers only if factory-fabricated fitting covers are not
 available.
 2.9 TAPES
 A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive,
 complying with ASTM C 1136.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Avery Dennison Corporation, Specialty Tapes Division.
 b. Knauf Insulation.
 c. Venture Tape.
 2. Width: 3 inches (75 mm).
 3. Thickness: 11.5 mils (0.29 mm).
 4. Adhesion: 90 ounces force/inch (1.0 N/mm) in width.
 5. Elongation: 2 percent.
 6. Tensile Strength: 40 lbf/inch (7.2 N/mm) in width.
 7. ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape.
 B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive;
 complying with ASTM C 1136.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Avery Dennison Corporation, Specialty Tapes Division.
 b. Ideal Tape Co., Inc., an American Biltrite Company.
 c. Knauf Insulation.
 2. Width: 3 inches (75 mm).
 3. Thickness: 6.5 mils (0.16 mm).
 4. Adhesion: 90 ounces force/inch (1.0 N/mm) in width.
 5. Elongation: 2 percent.
 6. Tensile Strength: 40 lbf/inch (7.2 N/mm) in width.
 7. FSK Tape Disks and Squares: Precut disks or squares of FSK tape.
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 C. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive;
 suitable for indoor and outdoor applications.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Compac Corporation.
 b. Ideal Tape Co., Inc., an American Biltrite Company.
 c. Venture Tape.
 2. Width: 2 inches (50 mm).
 3. Thickness: 6 mils (0.15 mm).
 4. Adhesion: 64 ounces force/inch (0.7 N/mm) in width.
 5. Elongation: 500 percent.
 6. Tensile Strength: 18 lbf/inch (3.3 N/mm) in width.
 D. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Avery Dennison Corporation, Specialty Tapes Division.
 b. Ideal Tape Co., Inc., an American Biltrite Company.
 c. Venture Tape.
 2. Width: 2 inches (50 mm).
 3. Thickness: 3.7 mils (0.093 mm).
 4. Adhesion: 100 ounces force/inch (1.1 N/mm) in width.
 5. Elongation: 5 percent.
 6. Tensile Strength: 34 lbf/inch (6.2 N/mm) in width.
 2.10 SECUREMENTS
 A. Aluminum Bands: ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005;
 Temper H-14, 0.020 inch (0.51 mm) thick, 1/2 inch (13 mm) wide with wing seal or closed seal.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. ITW Insulation Systems; Illinois Tool Works, Inc.
 b. RPR Products, Inc.
 B. Staples: Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) wide, stainless steel
 or Monel.
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 C. Wire: 0.062-inch (1.6-mm) soft-annealed, galvanized steel.
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. C & F Wire.
 2.11 PROTECTIVE SHIELDING GUARDS
 A. Protective Shielding Pipe Covers,:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. McGuire Manufacturing.
 b. Plumberex Specialty Products, Inc.
 c. Truebro.
 2. Description: Manufactured plastic wraps for covering plumbing fixture hot- and cold-
 water supplies and trap and drain piping. Comply with Americans with Disabilities Act
 (ADA) requirements.
 B. Protective Shielding Piping Enclosures,:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Truebro.
 b. Zurn Industries, LLC.
 2. Description: Manufactured plastic enclosure for covering plumbing fixture hot- and cold-
 water supplies and trap and drain piping. Comply with ADA requirements.
 PART 3 - EXECUTION
 3.1 PREPARATION
 A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will
 adversely affect insulation application.
 B. Coordinate insulation installation with the trade installing heat tracing. Comply with
 requirements for heat tracing that apply to insulation.
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 C. Mix insulating cements with clean potable water; if insulating cements are to be in contact with
 stainless-steel surfaces, use demineralized water.
 3.2 GENERAL INSTALLATION REQUIREMENTS
 A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces;
 free of voids throughout the length of piping including fittings, valves, and specialties.
 B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required
 for each item of pipe system as specified in insulation system schedules.
 C. Install accessories compatible with insulation materials and suitable for the service. Install
 accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or
 dry state.
 D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
 E. Install multiple layers of insulation with longitudinal and end seams staggered.
 F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
 G. Keep insulation materials dry during application and finishing.
 H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
 adhesive recommended by insulation material manufacturer.
 I. Install insulation with least number of joints practical.
 J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,
 supports, anchors, and other projections with vapor-barrier mastic.
 1. Install insulation continuously through hangers and around anchor attachments.
 2. For insulation application where vapor barriers are indicated, extend insulation on anchor
 legs from point of attachment to supported item to point of attachment to structure. Taper
 and seal ends at attachment to structure with vapor-barrier mastic.
 3. Install insert materials and install insulation to tightly join the insert. Seal insulation to
 insulation inserts with adhesive or sealing compound recommended by insulation
 material manufacturer.
 4. Cover inserts with jacket material matching adjacent pipe insulation. Install shields over
 jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.
 K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet
 and dry film thicknesses.
 L. Install insulation with factory-applied jackets as follows:
 1. Draw jacket tight and smooth.
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 2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material as
 insulation jacket. Secure strips with adhesive and outward clinching staples along both
 edges of strip, spaced 4 inches (100 mm) o.c.
 3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm). Install insulation with
 longitudinal seams at bottom of pipe. Clean and dry surface to receive self-sealing lap.
 Staple laps with outward clinching staples along edge at 2 inches (50 mm) o.c.
 a. For below-ambient services, apply vapor-barrier mastic over staples.
 4. Cover joints and seams with tape, according to insulation material manufacturer's written
 instructions, to maintain vapor seal.
 5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at
 ends adjacent to pipe flanges and fittings.
 M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal
 thickness.
 N. Finish installation with systems at operating conditions. Repair joint separations and cracking
 due to thermal movement.
 O. Repair damaged insulation facings by applying same facing material over damaged areas.
 Extend patches at least 4 inches (100 mm) beyond damaged areas. Adhere, staple, and seal
 patches similar to butt joints.
 P. For above-ambient services, do not install insulation to the following:
 1. Vibration-control devices.
 2. Testing agency labels and stamps.
 3. Nameplates and data plates.
 4. Cleanouts.
 3.3 PENETRATIONS
 A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof
 penetrations.
 1. Seal penetrations with flashing sealant.
 2. For applications requiring only indoor insulation, terminate insulation above roof surface
 and seal with joint sealant. For applications requiring indoor and outdoor insulation,
 install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
 joint with joint sealant.
 3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches (50 mm) below
 top of roof flashing.
 4. Seal jacket to roof flashing with flashing sealant.
 B. Insulation Installation at Underground Exterior Wall Penetrations: Terminate insulation flush
 with sleeve seal. Seal terminations with flashing sealant.
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 C. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation
 continuously through wall penetrations.
 1. Seal penetrations with flashing sealant.
 2. For applications requiring only indoor insulation, terminate insulation inside wall surface
 and seal with joint sealant. For applications requiring indoor and outdoor insulation,
 install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
 joint with joint sealant.
 3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at
 least 2 inches (50 mm).
 4. Seal jacket to wall flashing with flashing sealant.
 D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
 Install insulation continuously through walls and partitions.
 E. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation
 continuously through penetrations of fire-rated walls and partitions.
 1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping
 and fire-resistive joint sealers.
 F. Insulation Installation at Floor Penetrations:
 1. Pipe: Install insulation continuously through floor penetrations.
 2. Seal penetrations through fire-rated assemblies. Comply with requirements in
 Section 078413 "Penetration Firestopping."
 3.4 GENERAL PIPE INSULATION INSTALLATION
 A. Requirements in this article generally apply to all insulation materials except where more
 specific requirements are specified in various pipe insulation material installation articles.
 B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:
 1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with
 continuous thermal and vapor-retarder integrity unless otherwise indicated.
 2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from
 same material and density as adjacent pipe insulation. Each piece shall be butted tightly
 against adjoining piece and bonded with adhesive. Fill joints, seams, voids, and irregular
 surfaces with insulating cement finished to a smooth, hard, and uniform contour that is
 uniform with adjoining pipe insulation.
 3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same
 material and thickness as used for adjacent pipe. Cut sectional pipe insulation to fit. Butt
 each section closely to the next and hold in place with tie wire. Bond pieces with
 adhesive.
 4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same
 material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe
 insulation by not less than two times the thickness of pipe insulation, or one pipe
 diameter, whichever is thicker. For valves, insulate up to and including the bonnets, valve
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 stuffing-box studs, bolts, and nuts. Fill joints, seams, and irregular surfaces with
 insulating cement.
 5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of same
 material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe
 insulation by not less than two times the thickness of pipe insulation, or one pipe
 diameter, whichever is thicker. Fill joints, seams, and irregular surfaces with insulating
 cement. Insulate strainers so strainer basket flange or plug can be easily removed and
 replaced without damaging the insulation and jacket. Provide a removable reusable
 insulation cover. For below-ambient services, provide a design that maintains vapor
 barrier.
 6. Insulate flanges and unions using a section of oversized preformed pipe insulation.
 Overlap adjoining pipe insulation by not less than two times the thickness of pipe
 insulation, or one pipe diameter, whichever is thicker.
 7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a
 mastic. Install vapor-barrier mastic for below-ambient services and a breather mastic for
 above-ambient services. Reinforce the mastic with fabric-reinforcing mesh. Trowel the
 mastic to a smooth and well-shaped contour.
 8. For services not specified to receive a field-applied jacket except for flexible elastomeric
 and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and
 unions. Terminate ends with PVC end caps. Tape PVC covers to adjoining insulation
 facing using PVC tape.
 9. Stencil or label the outside insulation jacket of each union with the word "union." Match
 size and color of pipe labels.
 C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps,
 test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape
 insulation at these connections by tapering it to and around the connection with insulating
 cement and finish with finishing cement, mastic, and flashing sealant.
 D. Install removable insulation covers at locations indicated. Installation shall conform to the
 following:
 1. Make removable flange and union insulation from sectional pipe insulation of same
 thickness as that on adjoining pipe. Install same insulation jacket as adjoining pipe
 insulation.
 2. When flange and union covers are made from sectional pipe insulation, extend insulation
 from flanges or union long at least two times the insulation thickness over adjacent pipe
 insulation on each side of flange or union. Secure flange cover in place with stainless-
 steel or aluminum bands. Select band material compatible with insulation and jacket.
 3. Construct removable valve insulation covers in same manner as for flanges, except divide
 the two-part section on the vertical center line of valve body.
 4. When covers are made from block insulation, make two halves, each consisting of
 mitered blocks wired to stainless-steel fabric. Secure this wire frame, with its attached
 insulation, to flanges with tie wire. Extend insulation at least 2 inches (50 mm) over
 adjacent pipe insulation on each side of valve. Fill space between flange or union cover
 and pipe insulation with insulating cement. Finish cover assembly with insulating cement
 applied in two coats. After first coat is dry, apply and trowel second coat to a smooth
 finish.
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 5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed
 surfaces with a metal jacket.
 3.5 INSTALLATION OF CELLULAR-GLASS INSULATION
 A. Insulation Installation on Straight Pipes and Tubes:
 1. Secure each layer of insulation to pipe with wire or bands and tighten bands without
 deforming insulation materials.
 2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions
 with vapor-barrier mastic and joint sealant.
 3. For insulation with factory-applied jackets on above-ambient services, secure laps with
 outward clinched staples at 6 inches (150 mm) o.c.
 4. For insulation with factory-applied jackets on below-ambient services, do not staple
 longitudinal tabs. Instead, secure tabs with additional adhesive as recommended by
 insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant.
 B. Insulation Installation on Pipe Flanges:
 1. Install preformed pipe insulation to outer diameter of pipe flange.
 2. Make width of insulation section same as overall width of flange and bolts, plus twice the
 thickness of pipe insulation.
 3. Fill voids between inner circumference of flange insulation and outer circumference of
 adjacent straight pipe segments with cut sections of cellular-glass block insulation of
 same thickness as pipe insulation.
 4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least
 1 inch (25 mm), and seal joints with flashing sealant.
 C. Insulation Installation on Pipe Fittings and Elbows:
 1. Install preformed sections of same material as straight segments of pipe insulation when
 available. Secure according to manufacturer's written instructions.
 2. When preformed sections of insulation are not available, install mitered sections of
 cellular-glass insulation. Secure insulation materials with wire or bands.
 D. Insulation Installation on Valves and Pipe Specialties:
 1. Install preformed sections of cellular-glass insulation to valve body.
 2. Arrange insulation to permit access to packing and to allow valve operation without
 disturbing insulation.
 3. Install insulation to flanges as specified for flange insulation application.
 3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION
 A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate
 openings in insulation that allow passage of air to surface being insulated.
 B. Insulation Installation on Pipe Flanges:
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 1. Install pipe insulation to outer diameter of pipe flange.
 2. Make width of insulation section same as overall width of flange and bolts, plus twice the
 thickness of pipe insulation.
 3. Fill voids between inner circumference of flange insulation and outer circumference of
 adjacent straight pipe segments with cut sections of sheet insulation of same thickness as
 pipe insulation.
 4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive
 to eliminate openings in insulation that allow passage of air to surface being insulated.
 C. Insulation Installation on Pipe Fittings and Elbows:
 1. Install mitered sections of pipe insulation.
 2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to
 eliminate openings in insulation that allow passage of air to surface being insulated.
 D. Insulation Installation on Valves and Pipe Specialties:
 1. Install preformed valve covers manufactured of same material as pipe insulation when
 available.
 2. When preformed valve covers are not available, install cut sections of pipe and sheet
 insulation to valve body. Arrange insulation to permit access to packing and to allow
 valve operation without disturbing insulation.
 3. Install insulation to flanges as specified for flange insulation application.
 4. Secure insulation to valves and specialties and seal seams with manufacturer's
 recommended adhesive to eliminate openings in insulation that allow passage of air to
 surface being insulated.
 3.7 INSTALLATION OF MINERAL-FIBER PREFORMED PIPE INSULATION
 A. Insulation Installation on Straight Pipes and Tubes:
 1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten
 bands without deforming insulation materials.
 2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions
 with vapor-barrier mastic and joint sealant.
 3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with
 outward clinched staples at 6 inches (150 mm) o.c.
 4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple
 longitudinal tabs. Instead, secure tabs with additional adhesive as recommended by
 insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant.
 B. Insulation Installation on Pipe Flanges:
 1. Install preformed pipe insulation to outer diameter of pipe flange.
 2. Make width of insulation section same as overall width of flange and bolts, plus twice the
 thickness of pipe insulation.
 3. Fill voids between inner circumference of flange insulation and outer circumference of
 adjacent straight pipe segments with mineral-fiber blanket insulation.
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 4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least
 1 inch (25 mm), and seal joints with flashing sealant.
 C. Insulation Installation on Pipe Fittings and Elbows:
 1. Install preformed sections of same material as straight segments of pipe insulation when
 available.
 2. When preformed insulation elbows and fittings are not available, install mitered sections
 of pipe insulation, to a thickness equal to adjoining pipe insulation. Secure insulation
 materials with wire or bands.
 D. Insulation Installation on Valves and Pipe Specialties:
 1. Install preformed sections of same material as straight segments of pipe insulation when
 available.
 2. When preformed sections are not available, install mitered sections of pipe insulation to
 valve body.
 3. Arrange insulation to permit access to packing and to allow valve operation without
 disturbing insulation.
 4. Install insulation to flanges as specified for flange insulation application.
 3.8 INSTALLATION OF POLYOLEFIN INSULATION
 A. Insulation Installation on Straight Pipes and Tubes:
 1. Seal split-tube longitudinal seams and end joints with manufacturer's recommended
 adhesive to eliminate openings in insulation that allow passage of air to surface being
 insulated.
 B. Insulation Installation on Pipe Flanges:
 1. Install pipe insulation to outer diameter of pipe flange.
 2. Make width of insulation section same as overall width of flange and bolts, plus twice the
 thickness of pipe insulation.
 3. Fill voids between inner circumference of flange insulation and outer circumference of
 adjacent straight pipe segments with cut sections of polyolefin sheet insulation of same
 thickness as pipe insulation.
 4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive
 to eliminate openings in insulation that allow passage of air to surface being insulated.
 C. Insulation Installation on Pipe Fittings and Elbows:
 1. Install mitered sections of polyolefin pipe insulation.
 2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to
 eliminate openings in insulation that allow passage of air to surface being insulated.
 D. Insulation Installation on Valves and Pipe Specialties:
 1. Install cut sections of polyolefin pipe and sheet insulation to valve body.
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 2. Arrange insulation to permit access to packing and to allow valve operation without
 disturbing insulation.
 3. Install insulation to flanges as specified for flange insulation application.
 4. Secure insulation to valves and specialties, and seal seams with manufacturer's
 recommended adhesive to eliminate openings in insulation that allow passage of air to
 surface being insulated.
 3.9 FIELD-APPLIED JACKET INSTALLATION
 A. Where FSK jackets are indicated, install as follows:
 1. Draw jacket material smooth and tight.
 2. Install lap or joint strips with same material as jacket.
 3. Secure jacket to insulation with manufacturer's recommended adhesive.
 4. Install jacket with 1-1/2-inch (38-mm) laps at longitudinal seams and 3-inch- (75-mm-)
 wide joint strips at end joints.
 5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation
 with vapor-barrier mastic.
 B. Where PVC jackets are indicated, install with 1-inch (25-mm) overlap at longitudinal seams and
 end joints. Seal with manufacturer's recommended adhesive.
 1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the
 finish bead along seam and joint edge.
 C. Where metal jackets are indicated, install with 2-inch (50-mm) overlap at longitudinal seams
 and end joints. Overlap longitudinal seams arranged to shed water. Seal end joints with
 weatherproof sealant recommended by insulation manufacturer. Secure jacket with stainless-
 steel bands 12 inches (300 mm) o.c. and at end joints.
 3.10 FINISHES
 A. Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material: Paint jacket with paint
 system identified below and as specified in Section 099113 "Exterior Painting" and
 Section 099123 "Interior Painting."
 1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket
 material and finish coat paint. Add fungicidal agent to render fabric mildew proof.
 a. Finish Coat Material: Interior, flat, latex-emulsion size.
 B. Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of
 insulation manufacturer's recommended protective coating.
 C. Color: Final color as selected by Architect. Vary first and second coats to allow visual
 inspection of the completed Work.
 D. Do not field paint aluminum or stainless-steel jackets.
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 3.11 FIELD QUALITY CONTROL
 A. Perform tests and inspections.
 B. Tests and Inspections:
 1. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by removing
 field-applied jacket and insulation in layers in reverse order of their installation. Extent of
 inspection shall be limited to three locations of straight pipe, three locations of threaded
 fittings, three locations of welded fittings, two locations of threaded strainers, two
 locations of welded strainers, three locations of threaded valves, and three locations of
 flanged valves for each pipe service defined in the "Piping Insulation Schedule, General"
 Article.
 C. All insulation applications will be considered defective Work if sample inspection reveals
 noncompliance with requirements.
 3.12 PIPING INSULATION SCHEDULE, GENERAL
 A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for
 each piping system and pipe size range. If more than one material is listed for a piping system,
 selection from materials listed is Contractor's option.
 B. Items Not Insulated: Unless otherwise indicated, do not install insulation on the following:
 1. Drainage piping located in crawl spaces.
 2. Underground piping.
 3. Chrome-plated pipes and fittings unless there is a potential for personnel injury.
 3.13 INDOOR PIPING INSULATION SCHEDULE
 A. Domestic Hot and Recirculated Hot Water: Insulation shall be one of the following:
 1. Flexible Elastomeric: 1 inch (25 mm) thick.
 2. Mineral-Fiber, Preformed Pipe Insulation, Type I: 2” thick.
 3. Polyolefin: 1 inch (25 mm) thick.
 B. Exposed Sanitary Drains, Domestic Water, Domestic Hot Water, and Stops for Plumbing
 Fixtures for People with Disabilities: Insulation shall be one of the following:
 1. Flexible Elastomeric: 1 inch (25 mm) thick.
 2. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch (25 mm) thick.
 3. Polyolefin: 1 inch (25 mm) thick.
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 3.14 INDOOR, FIELD-APPLIED JACKET SCHEDULE
 A. Install jacket over insulation material. For insulation with factory-applied jacket, install the
 field-applied jacket over the factory-applied jacket.
 B. If more than one material is listed, selection from materials listed is Contractor's option.
 C. Piping, Concealed:
 1. None.
 2. PVC, Color-Coded by System: 20 mils (0.5 mm) thick.
 3. Aluminum, Smooth: 0.016 inch (0.41 mm) thick.
 D. Piping, Exposed:
 1. None.
 2. PVC, Color-Coded by System: 20 mils (0.5 mm) thick.
 3. Aluminum, Smooth: 0.016 inch (0.41 mm) thick.
 END OF SECTION 220719
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 SECTION 221116
 DOMESTIC WATER PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section includes under-building-slab and aboveground domestic water pipes, tubes, and fittings
 inside buildings.
 B. Related Requirements:
 1. Section 221113 "Facility Water Distribution Piping" for water-service piping and water
 meters outside the building from source to the point where water-service piping enters the
 building.
 1.2 ACTION SUBMITTALS
 A. Product Data: For transition fittings and dielectric fittings.
 1.3 INFORMATIONAL SUBMITTALS
 A. System purging and disinfecting activities report.
 B. Field quality-control reports.
 PART 2 - PRODUCTS
 2.1 PIPING MATERIALS
 A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting
 materials, and joining methods for specific services, service locations, and pipe sizes.
 B. Potable-water piping and components shall comply with NSF 14 and NSF 61 Annex G. Plastic
 piping components shall be marked with "NSF-pw."
 2.2 COPPER TUBE AND FITTINGS
 A. Hard Copper Tube: ASTM B 88, Type L (ASTM B 88M, Type B) water tube, drawn temper.
 B. Soft Copper Tube: ASTM B 88, Type K (ASTM B 88M, Type A) water tube, annealed temper.
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 C. Cast-Copper, Solder-Joint Fittings: ASME B16.18, pressure fittings.
 D. Wrought-Copper, Solder-Joint Fittings: ASME B16.22, wrought-copper pressure fittings.
 E. Bronze Flanges: ASME B16.24, Class 150, with solder-joint ends.
 F. Copper Unions:
 1. MSS SP-123.
 2. Cast-copper-alloy, hexagonal-stock body.
 3. Ball-and-socket, metal-to-metal seating surfaces.
 4. Solder-joint or threaded ends.
 G. Copper Pressure-Seal-Joint Fittings:
 1. Fittings for NPS 2 (DN 50) and Smaller: Wrought-copper fitting with EPDM-rubber, O-
 ring seal in each end.
 2. Fittings for NPS 2-1/2 to NPS 4 (DN 65 to DN 100): Cast-bronze or wrought-copper
 fitting with EPDM-rubber, O-ring seal in each end.
 H. Copper Push-on-Joint Fittings:
 1. Cast-copper fitting complying with ASME B16.18 or wrought-copper fitting complying
 with ASME B 16.22.
 2. Stainless-steel teeth and EPDM-rubber, O-ring seal in each end instead of solder-joint
 ends.
 2.3 DUCTILE-IRON PIPE AND FITTINGS
 A. Mechanical-Joint, Ductile-Iron Pipe:
 1. AWWA C151/A21.51, with mechanical-joint bell and plain spigot end unless grooved or
 flanged ends are indicated.
 2. Glands, Gaskets, and Bolts: AWWA C111/A21.11, ductile- or gray-iron glands, rubber
 gaskets, and steel bolts.
 B. Standard-Pattern, Mechanical-Joint Fittings:
 1. AWWA C110/A21.10, ductile or gray iron.
 2. Glands, Gaskets, and Bolts: AWWA C111/A21.11, ductile- or gray-iron glands, rubber
 gaskets, and steel bolts.
 C. Compact-Pattern, Mechanical-Joint Fittings:
 1. AWWA C153/A21.53, ductile iron.
 2. Glands, Gaskets, and Bolts: AWWA C111/A21.11, ductile- or gray-iron glands, rubber
 gaskets, and steel bolts.
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 2.4 GALVANIZED-STEEL PIPE AND FITTINGS
 A. Galvanized-Steel Pipe:
 1. ASTM A 53/A 53M, [Type E] <Insert type>, [Grade B] <Insert grade>, Standard
 Weight.
 2. Include ends matching joining method.
 B. Galvanized-Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M or
 ASTM A 106/A 106M, Standard Weight, seamless steel pipe with threaded ends.
 C. Galvanized, Gray-Iron Threaded Fittings: ASME B16.4, Class 125, standard pattern.
 D. Malleable-Iron Unions:
 1. ASME B16.39, Class 150.
 2. Hexagonal-stock body.
 3. Ball-and-socket, metal-to-metal, bronze seating surface.
 4. Threaded ends.
 E. Flanges: ASME B16.1, Class 125, cast iron.
 2.5 PIPING JOINING MATERIALS
 A. Pipe-Flange Gasket Materials:
 1. AWWA C110/A21.10, rubber, flat face, 1/8 inch (3.2 mm) thick or ASME B16.21,
 nonmetallic and asbestos free unless otherwise indicated.
 2. Full-face or ring type unless otherwise indicated.
 B. Metal, Pipe-Flange Bolts and Nuts: ASME B18.2.1, carbon steel unless otherwise indicated.
 C. Solder Filler Metals: ASTM B 32, lead-free alloys.
 D. Flux: ASTM B 813, water flushable.
 2.6 DIELECTRIC FITTINGS
 A. General Requirements: Assembly of copper alloy and ferrous materials with separating
 nonconductive insulating material. Include end connections compatible with pipes to be joined.
 B. Dielectric Unions:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Watts; a Watts Water Technologies company.
 http://www.specagent.com/Lookup?ulid=1995
 http://www.specagent.com/Lookup?uid=123456983654
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 b. Wilkins.
 c. Zurn Industries, LLC.
 2. Standard: ASSE 1079.
 3. Pressure Rating: 125 psig (860 kPa) minimum at 180 deg F (82 deg C).
 4. End Connections: Solder-joint copper alloy and threaded ferrous.
 C. Dielectric Flanges:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Watts; a Watts Water Technologies company.
 b. Wilkins.
 c. Zurn Industries, LLC.
 2. Standard: ASSE 1079.
 3. Factory-fabricated, bolted, companion-flange assembly.
 4. Pressure Rating: 125 psig (860 kPa) minimum at 180 deg F (82 deg C).
 5. End Connections: Solder-joint copper alloy and threaded ferrous; threaded solder-joint
 copper alloy and threaded ferrous.
 D. Dielectric-Flange Insulating Kits:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Advance Products & Systems, Inc.
 b. Calpico, Inc.
 c. Central Plastics Company.
 2. Nonconducting materials for field assembly of companion flanges.
 3. Pressure Rating: 150 psig (1035 kPa).
 4. Gasket: Neoprene or phenolic.
 5. Bolt Sleeves: Phenolic or polyethylene.
 6. Washers: Phenolic with steel backing washers.
 E. Dielectric Nipples:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Grinnell Mechanical Products.
 b. Precision Plumbing Products.
 c. Victaulic Company.
 http://www.specagent.com/Lookup?uid=123456983655
 http://www.specagent.com/Lookup?uid=123456983656
 http://www.specagent.com/Lookup?ulid=1997
 http://www.specagent.com/Lookup?uid=123456983664
 http://www.specagent.com/Lookup?uid=123456983665
 http://www.specagent.com/Lookup?uid=123456983666
 http://www.specagent.com/Lookup?ulid=1998
 http://www.specagent.com/Lookup?uid=123456983681
 http://www.specagent.com/Lookup?uid=123456983684
 http://www.specagent.com/Lookup?uid=123456983682
 http://www.specagent.com/Lookup?ulid=1999
 http://www.specagent.com/Lookup?uid=123456983693
 http://www.specagent.com/Lookup?uid=123456983692
 http://www.specagent.com/Lookup?uid=123456983691
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 2. Standard: IAPMO PS 66.
 3. Electroplated steel nipple complying with ASTM F 1545.
 4. Pressure Rating and Temperature: 300 psig (2070 kPa) at 225 deg F (107 deg C).
 5. End Connections: Male threaded or grooved.
 6. Lining: Inert and noncorrosive, propylene.
 PART 3 - EXECUTION
 3.1 EARTHWORK
 A. Comply with requirements in Section 312000 "Earth Moving" for excavating, trenching, and
 backfilling.
 3.2 PIPING INSTALLATION
 A. Drawing plans, schematics, and diagrams indicate general location and arrangement of domestic
 water piping. Indicated locations and arrangements are used to size pipe and calculate friction
 loss, expansion, and other design considerations. Install piping as indicated unless deviations to
 layout are approved on coordination drawings.
 B. Install copper tubing under building slab according to CDA's "Copper Tube Handbook."
 C. Install ductile-iron piping under building slab with restrained joints according to AWWA C600
 and AWWA M41.
 D. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve inside
 the building at each domestic water-service entrance. Comply with requirements for pressure
 gages in Section 220519 "Meters and Gages for Plumbing Piping" and with requirements for
 drain valves and strainers in Section 221119 "Domestic Water Piping Specialties."
 E. Install shutoff valve immediately upstream of each dielectric fitting.
 F. Install water-pressure-reducing valves downstream from shutoff valves. Comply with
 requirements for pressure-reducing valves in Section 221119 "Domestic Water Piping
 Specialties."
 G. Install domestic water piping level without pitch and plumb.
 H. Rough-in domestic water piping for water-meter installation according to utility company's
 requirements.
 I. Install seismic restraints on piping. Comply with requirements for seismic-restraint devices in
 Section 220548 "Vibration and Seismic Controls for Plumbing Piping and Equipment."
 J. Install piping concealed from view and protected from physical contact by building occupants
 unless otherwise indicated and except in equipment rooms and service areas.
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 K. Install piping indicated to be exposed and piping in equipment rooms and service areas at right
 angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated
 otherwise.
 L. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal, and
 coordinate with other services occupying that space.
 M. Install piping to permit valve servicing.
 N. Install nipples, unions, special fittings, and valves with pressure ratings the same as or higher
 than the system pressure rating used in applications below unless otherwise indicated.
 O. Install piping free of sags and bends.
 P. Install fittings for changes in direction and branch connections.
 Q. Install PEX piping with loop at each change of direction of more than 90 degrees.
 R. Install unions in copper tubing at final connection to each piece of equipment, machine, and
 specialty.
 S. Install pressure gages on suction and discharge piping for each plumbing pump and packaged
 booster pump. Comply with requirements for pressure gages in Section 220519 "Meters and
 Gages for Plumbing Piping."
 T. Install thermostats in hot-water circulation piping. Comply with requirements for thermostats in
 Section 221123 "Domestic Water Pumps."
 U. Install thermometers on inlet and outlet piping from each water heater. Comply with
 requirements for thermometers in Section 220519 "Meters and Gages for Plumbing Piping."
 V. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements
 for sleeves specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing Piping."
 W. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
 requirements for sleeve seals specified in Section 220517 "Sleeves and Sleeve Seals for
 Plumbing Piping."
 X. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
 requirements for escutcheons specified in Section 220518 "Escutcheons for Plumbing Piping."
 3.3 JOINT CONSTRUCTION
 A. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.
 B. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before
 assembly.
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 C. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut
 threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore
 full ID. Join pipe fittings and valves as follows:
 1. Apply appropriate tape or thread compound to external pipe threads.
 2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or
 damaged.
 D. Brazed Joints for Copper Tubing: Comply with CDA's "Copper Tube Handbook," "Brazed
 Joints" chapter.
 E. Soldered Joints for Copper Tubing: Apply ASTM B 813, water-flushable flux to end of tube.
 Join copper tube and fittings according to ASTM B 828 or CDA's "Copper Tube Handbook."
 F. Pressure-Sealed Joints for Copper Tubing: Join copper tube and pressure-seal fittings with tools
 recommended by fitting manufacturer.
 G. Flanged Joints: Select appropriate asbestos-free, nonmetallic gasket material in size, type, and
 thickness suitable for domestic water service. Join flanges with gasket and bolts according to
 ASME B31.9.
 H. Joint Construction for Solvent-Cemented Plastic Piping: Clean and dry joining surfaces. Join
 pipe and fittings according to the following:
 1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent
 cements. Apply primer.
 2. CPVC Piping: Join according to ASTM D 2846/D 2846M Appendix.
 3. PVC Piping: Join according to ASTM D 2855.
 I. Joints for PEX Piping: Join according to ASTM F 1807.
 J. Joints for Dissimilar-Material Piping: Make joints using adapters compatible with materials of
 both piping systems.
 3.4 TRANSITION FITTING INSTALLATION
 A. Install transition couplings at joints of dissimilar piping.
 B. Transition Fittings in Underground Domestic Water Piping:
 1. Fittings for NPS 1-1/2 (DN 40) and Smaller: Fitting-type coupling.
 2. Fittings for NPS 2 (DN 50) and Larger: Sleeve-type coupling.
 C. Transition Fittings in Aboveground Domestic Water Piping NPS 2 (DN 50) and Smaller:
 Plastic-to-metal transition fittings or unions.
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 3.5 DIELECTRIC FITTING INSTALLATION
 A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
 B. Dielectric Fittings for NPS 2 (DN 50) and Smaller: Use dielectric couplings or nipples.
 C. Dielectric Fittings for NPS 2-1/2 to NPS 4 (DN 65 to DN 100): Use dielectric flanges.
 3.6 HANGER AND SUPPORT INSTALLATION
 A. Comply with requirements for pipe hanger, support products, and installation in Section 220529
 "Hangers and Supports for Plumbing Piping and Equipment."
 1. Vertical Piping: MSS Type 8 or 42, clamps.
 2. Individual, Straight, Horizontal Piping Runs:
 a. 100 Feet (30 m) and Less: MSS Type 1, adjustable, steel clevis hangers.
 b. Longer Than 100 Feet (30 m): MSS Type 43, adjustable roller hangers.
 c. Longer Than 100 Feet (30 m) if Indicated: MSS Type 49, spring cushion rolls.
 3. Multiple, Straight, Horizontal Piping Runs 100 Feet (30 m) or Longer: MSS Type 44,
 pipe rolls. Support pipe rolls on trapeze.
 4. Base of Vertical Piping: MSS Type 52, spring hangers.
 B. Support vertical piping and tubing at base and at each floor.
 C. Rod diameter may be reduced one size for double-rod hangers, to a minimum of 3/8 inch (10
 mm).
 D. Install hangers for copper tubing with the following maximum horizontal spacing and minimum
 rod diameters:
 1. NPS 3/4 (DN 20) and Smaller: 60 inches (1500 mm) with 3/8-inch (10-mm) rod.
 2. NPS 1 and NPS 1-1/4 (DN 25 and DN 32): 72 inches (1800 mm) with 3/8-inch (10-mm)
 rod.
 3. NPS 1-1/2 and NPS 2 (DN 40 and DN 50): 96 inches (2400 mm) with 3/8-inch (10-mm)
 rod.
 4. NPS 2-1/2 (DN 65): 108 inches (2700 mm) with 1/2-inch (13-mm) rod.
 E. Install supports for vertical copper tubing every 10 feet (3 m).
 F. Install hangers for steel piping with the following maximum horizontal spacing and minimum
 rod diameters:
 1. NPS 1-1/4 (DN 32) and Smaller: 84 inches (2100 mm) with 3/8-inch (10-mm) rod.
 2. NPS 1-1/2 (DN 40): 108 inches (2700 mm) with 3/8-inch (10-mm) rod.
 3. NPS 2 (DN 50): 10 feet (3 m) with 3/8-inch (10-mm) rod.
 4. NPS 2-1/2 (DN 65): 11 feet (3.4 m) with 1/2-inch (13-mm) rod.
 5. NPS 3 and NPS 3-1/2 (DN 80 and DN 90): 12 feet (3.7 m) with 1/2-inch (13-mm) rod.
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 6. NPS 4 and NPS 5 (DN 100 and DN 125): 12 feet (3.7 m) with 5/8-inch (16-mm) rod.
 7. NPS 6 (DN 150): 12 feet (3.7 m) with 3/4-inch (19-mm) rod.
 8. NPS 8 to NPS 12 (DN 200 to DN 300): 12 feet (3.7 m) with 7/8-inch (22-mm) rod.
 G. Install supports for vertical steel piping every 15 feet (4.5 m).
 H. Support piping and tubing not listed in this article according to MSS SP-69 and manufacturer's
 written instructions.
 3.7 CONNECTIONS
 A. Drawings indicate general arrangement of piping, fittings, and specialties.
 B. When installing piping adjacent to equipment and machines, allow space for service and
 maintenance.
 C. Connect domestic water piping to exterior water-service piping. Use transition fitting to join
 dissimilar piping materials.
 D. Connect domestic water piping to water-service piping with shutoff valve; extend and connect
 to the following:
 1. Domestic Water Booster Pumps: Cold-water suction and discharge piping.
 2. Water Heaters: Cold-water inlet and hot-water outlet piping in sizes indicated, but not
 smaller than sizes of water heater connections.
 3. Plumbing Fixtures: Cold- and hot-water-supply piping in sizes indicated, but not smaller
 than that required by plumbing code.
 4. Equipment: Cold- and hot-water-supply piping as indicated, but not smaller than
 equipment connections. Provide shutoff valve and union for each connection. Use flanges
 instead of unions for NPS 2-1/2 (DN 65) and larger.
 3.8 IDENTIFICATION
 A. Identify system components. Comply with requirements for identification materials and
 installation in Section 220553 "Identification for Plumbing Piping and Equipment."
 B. Label pressure piping with system operating pressure.
 3.9 FIELD QUALITY CONTROL
 A. Perform the following tests and inspections:
 1. Piping Inspections:
 a. Do not enclose, cover, or put piping into operation until it has been inspected and
 approved by authorities having jurisdiction.
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 b. During installation, notify authorities having jurisdiction at least one day before
 inspection must be made. Perform tests specified below in presence of authorities
 having jurisdiction:
 1) Roughing-in Inspection: Arrange for inspection of piping before concealing
 or closing in after roughing in and before setting fixtures.
 2) Final Inspection: Arrange for authorities having jurisdiction to observe tests
 specified in "Piping Tests" Subparagraph below and to ensure compliance
 with requirements.
 c. Reinspection: If authorities having jurisdiction find that piping will not pass tests
 or inspections, make required corrections and arrange for reinspection.
 d. Reports: Prepare inspection reports and have them signed by authorities having
 jurisdiction.
 2. Piping Tests:
 a. Fill domestic water piping. Check components to determine that they are not air
 bound and that piping is full of water.
 b. Test for leaks and defects in new piping and parts of existing piping that have been
 altered, extended, or repaired. If testing is performed in segments, submit a
 separate report for each test, complete with diagram of portion of piping tested.
 c. Leave new, altered, extended, or replaced domestic water piping uncovered and
 unconcealed until it has been tested and approved. Expose work that was covered
 or concealed before it was tested.
 d. Cap and subject piping to static water pressure of 50 psig (345 kPa) above
 operating pressure, without exceeding pressure rating of piping system materials.
 Isolate test source and allow it to stand for four hours. Leaks and loss in test
 pressure constitute defects that must be repaired.
 e. Repair leaks and defects with new materials, and retest piping or portion thereof
 until satisfactory results are obtained.
 f. Prepare reports for tests and for corrective action required.
 B. Domestic water piping will be considered defective if it does not pass tests and inspections.
 C. Prepare test and inspection reports.
 3.10 ADJUSTING
 A. Perform the following adjustments before operation:
 1. Close drain valves, hydrants, and hose bibbs.
 2. Open shutoff valves to fully open position.
 3. Open throttling valves to proper setting.
 4. Adjust balancing valves in hot-water-circulation return piping to provide adequate flow.
 a. Manually adjust ball-type balancing valves in hot-water-circulation return piping
 to provide hot-water flow in each branch.
 b. Adjust calibrated balancing valves to flows indicated.
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 5. Remove plugs used during testing of piping and for temporary sealing of piping during
 installation.
 6. Remove and clean strainer screens. Close drain valves and replace drain plugs.
 7. Remove filter cartridges from housings and verify that cartridges are as specified for
 application where used and are clean and ready for use.
 8. Check plumbing specialties and verify proper settings, adjustments, and operation.
 3.11 CLEANING
 A. Clean and disinfect potable domestic water piping as follows:
 1. Purge new piping and parts of existing piping that have been altered, extended, or
 repaired before using.
 2. Use purging and disinfecting procedures prescribed by authorities having jurisdiction; if
 methods are not prescribed, use procedures described in either AWWA C651 or
 AWWA C652 or follow procedures described below:
 a. Flush piping system with clean, potable water until dirty water does not appear at
 outlets.
 b. Fill and isolate system according to either of the following:
 1) Fill system or part thereof with water/chlorine solution with at least 50 ppm
 (50 mg/L) of chlorine. Isolate with valves and allow to stand for 24 hours.
 2) Fill system or part thereof with water/chlorine solution with at least
 200 ppm (200 mg/L) of chlorine. Isolate and allow to stand for three hours.
 c. Flush system with clean, potable water until no chlorine is in water coming from
 system after the standing time.
 d. Repeat procedures if biological examination shows contamination.
 e. Submit water samples in sterile bottles to authorities having jurisdiction.
 B. Prepare and submit reports of purging and disinfecting activities. Include copies of water-
 sample approvals from authorities having jurisdiction.
 C. Clean interior of domestic water piping system. Remove dirt and debris as work progresses.
 3.12 PIPING SCHEDULE
 A. Transition and special fittings with pressure ratings at least equal to piping rating may be used
 in applications below unless otherwise indicated.
 B. Flanges and unions may be used for aboveground piping joints unless otherwise indicated.
 C. Fitting Option: Extruded-tee connections and brazed joints may be used on aboveground copper
 tubing.
 D. Under-building-slab, domestic water, building-service piping, NPS 3 (DN 80) and smaller, shall
 be the following:
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 1. Soft copper tube, ASTM B 88, Type L (ASTM B 88M, Type B); wrought-copper, solder-
 joint fittings; and brazed joints.
 E. Under-building-slab, domestic water piping, NPS 2 (DN 50) and smaller, shall be the following:
 1. soft copper tube, ASTM B 88, Type L (ASTM B 88M, Type B); wrought-copper, solder-
 joint fittings; and brazed joints.
 F. Aboveground domestic water piping, NPS 2 (DN 50) and smaller, shall be the following:
 1. Hard copper tube, ASTM B 88, Type L (ASTM B 88M, Type B); cast- or wrought-
 copper, solder-joint fittings; and soldered joints.
 G. Aboveground domestic water piping, NPS 2-1/2 to NPS 4 (DN 65 to DN 100), shall be the
 following:
 1. Hard copper tube, ASTM B 88, Type L (ASTM B 88M, Type B); cast- or wrought-
 copper, solder-joint fittings; and soldered joints.
 END OF SECTION 221116
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 SECTION 221119
 DOMESTIC WATER PIPING SPECIALTIES
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Vacuum breakers.
 2. Backflow preventers.
 3. Water pressure-reducing valves.
 4. Balancing valves.
 5. Temperature-actuated, water mixing valves.
 6. Strainers.
 7. Hose bibbs.
 8. Wall hydrants.
 9. Drain valves.
 10. Water-hammer arresters.
 11. Trap-seal primer valves.
 B. Related Requirements:
 1. Section 220519 "Meters and Gages for Plumbing Piping" for thermometers, pressure
 gages, and flow meters in domestic water piping.
 2. Section 221116 "Domestic Water Piping" for water meters.
 3. Section 224300 "Medical Plumbing Fixtures" for thermostatic mixing valves for sitz
 baths, thermostatic mixing-valve assemblies for hydrotherapy equipment, and outlet
 boxes for dialysis equipment.
 4. Section 224500 "Emergency Plumbing Fixtures" for water tempering equipment.
 5. Section 224713 "Drinking Fountains" for water filters for water coolers.
 6. Section 224716 "Pressure Water Coolers" for water filters for water coolers.
 7. Section 224723 "Remote Water Coolers" for water filters for water coolers.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 1.3 INFORMATIONAL SUBMITTALS
 A. Field quality-control reports.
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 1.4 CLOSEOUT SUBMITTALS
 A. Operation and maintenance data.
 PART 2 - PRODUCTS
 2.1 GENERAL REQUIREMENTS FOR PIPING SPECIALTIES
 A. Potable-water piping and components shall comply with NSF 61 Annex G and NSF 14.
 2.2 PERFORMANCE REQUIREMENTS
 A. Minimum Working Pressure for Domestic Water Piping Specialties: 125 psig (860 kPa) unless
 otherwise indicated.
 2.3 VACUUM BREAKERS
 A. Pipe-Applied, Atmospheric-Type Vacuum Breakers:
 1. Standard: ASSE 1001.
 2. Size: NPS 1/4 to NPS 3 (DN 8 to DN 80), as required to match connected piping.
 3. Body: Bronze.
 4. Inlet and Outlet Connections: Threaded.
 5. Finish: Rough bronze.
 B. Hose-Connection Vacuum Breakers:
 1. Standard: ASSE 1011.
 2. Body: Bronze, nonremovable, with manual drain.
 3. Outlet Connection: Garden-hose threaded complying with ASME B1.20.7.
 4. Finish: Chrome or nickel plated.
 2.4 BACKFLOW PREVENTERS
 A. Intermediate Atmospheric-Vent Backflow Preventers:
 1. Standard: ASSE 1012.
 2. Operation: Continuous-pressure applications.
 3. Size: NPS 1/2 (DN 15).
 4. Body: Bronze.
 5. End Connections: Union, solder joint.
 6. Finish: Rough bronze.
 B. Reduced-Pressure-Principle Backflow Preventers:
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 1. Standard: ASSE 1013.
 2. Operation: Continuous-pressure applications.
 3. Body: Bronze for NPS 2 (DN 50) and smaller; cast iron with interior lining that complies
 with AWWA C550 or that is FDA approved for NPS 2-1/2 (DN 65) and larger.
 4. End Connections: Threaded for NPS 2 (DN 50) and smaller; flanged for NPS 2-1/2
 (DN 65) and larger.
 5. Configuration: Designed for horizontal, straight-through flow.
 6. Accessories:
 a. Valves NPS 2 (DN 50) and Smaller: Ball type with threaded ends on inlet and
 outlet.
 b. Valves NPS 2-1/2 (DN 65) and Larger: Outside-screw and yoke-gate type with
 flanged ends on inlet and outlet.
 c. Air-Gap Fitting: ASME A112.1.2, matching backflow-preventer connection.
 C. Double-Check, Backflow-Prevention Assemblies:
 1. Standard: ASSE 1015.
 2. Operation: Continuous-pressure applications unless otherwise indicated.
 3. Body: Bronze for NPS 2 (DN 50) and smaller; cast iron with interior lining that complies
 with AWWA C550 or that is FDA approved for NPS 2-1/2 (DN 65) and larger.
 4. End Connections: Threaded for NPS 2 (DN 50) and smaller; flanged for NPS 2-1/2
 (DN 65) and larger.
 5. Configuration: Designed for horizontal, straight-through flow.
 6. Accessories:
 a. ValvesNPS 2 (DN 50) and Smaller: Ball type with threaded ends on inlet and
 outlet.
 b. ValvesNPS 2-1/2 (DN 65) and Larger: Outside-screw and yoke-gate type with
 flanged ends on inlet and outlet.
 2.5 WATER PRESSURE-REDUCING VALVES
 A. Water Regulators:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Conbraco Industries, Inc.
 b. Watts; a Watts Water Technologies company.
 c. Zurn Industries, LLC.
 d.
 2. Standard: ASSE 1003.
 3. Pressure Rating: Initial working pressure of 150 psig (1035 kPa).
 http://www.specagent.com/Lookup?ulid=2020
 http://www.specagent.com/Lookup?uid=123456983131
 http://www.specagent.com/Lookup?uid=123456983133
 http://www.specagent.com/Lookup?uid=123456983135
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 4. Body: Bronze with chrome-plated finish for NPS 2 (DN 50) and smaller; cast iron with
 interior lining that complies with AWWA C550 or that is FDA approved for NPS 2-1/2
 and NPS 3 (DN 65 and DN 80).
 5. Valves for Booster Heater Water Supply: Include integral bypass.
 6. End Connections: Threaded for NPS 2 (DN 50) and smaller; flanged for NPS 2-1/2 and
 NPS 3 (DN 65 and DN 80).
 2.6 BALANCING VALVES
 A. Memory-Stop Balancing Valves:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Conbraco Industries, Inc.
 b. Milwaukee Valve Company.
 c. NIBCO INC.
 2. Standard: MSS SP-110 for two-piece, copper-alloy ball valves.
 3. Pressure Rating: 400-psig (2760-kPa) minimum CWP.
 4. Size: NPS 2 (DN 50) or smaller.
 5. Body: Copper alloy.
 6. Port: Standard or full port.
 7. Ball: Chrome-plated brass.
 8. Seats and Seals: Replaceable.
 9. End Connections: Solder joint or threaded.
 10. Handle: Vinyl-covered steel with memory-setting device.
 2.7 TEMPERATURE-ACTUATED, WATER MIXING VALVES
 A. Water-Temperature Limiting Devices:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Leonard Valve Company.
 b. Powers.
 c. Watts; a Watts Water Technologies company.
 2. Standard: ASSE 1017.
 3. Pressure Rating: 125 psig (860 kPa).
 4. Type: Thermostatically controlled, water mixing valve.
 5. Material: Bronze body with corrosion-resistant interior components.
 6. Connections: Threaded union inlets and outlet.
 http://www.specagent.com/Lookup?ulid=2025
 http://www.specagent.com/Lookup?uid=123456983137
 http://www.specagent.com/Lookup?uid=123456983139
 http://www.specagent.com/Lookup?uid=123456983141
 http://www.specagent.com/Lookup?ulid=2027
 http://www.specagent.com/Lookup?uid=123456983148
 http://www.specagent.com/Lookup?uid=123456983153
 http://www.specagent.com/Lookup?uid=123456983151
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 7. Accessories: Check stops on hot- and cold-water supplies, and adjustable, temperature-
 control handle.
 8. Tempered-Water Setting: 110 deg F (deg C).
 9. Valve Finish: Rough bronze.
 2.8 STRAINERS FOR DOMESTIC WATER PIPING
 A. Y-Pattern Strainers:
 1. Pressure Rating: 125 psig (860 kPa) minimum unless otherwise indicated.
 2. Body: Bronze for NPS 2 (DN 50) and smaller; cast iron with interior lining that complies
 with AWWA C550 or that is FDA approved, epoxy coated and for NPS 2-1/2 (DN 65)
 and larger.
 3. End Connections: Threaded for NPS 2 (DN 50) and smaller; flanged for NPS 2-1/2
 (DN 65) and larger.
 4. Screen: Stainless steel with round perforations unless otherwise indicated.
 5. Perforation Size:
 a. Strainers NPS 2 (DN 50) and Smaller: 0.020 inch (0.51 mm).
 b. Strainers NPS 2-1/2 to NPS 4 (DN 65 to DN 100): 0.045 inch (1.14 mm).
 6. Drain: Factory-installed, hose-end drain valve.
 2.9 HOSE BIBBS
 A. Hose Bibbs:
 1. Standard: ASME A112.18.1 for sediment faucets.
 2. Body Material: Bronze.
 3. Seat: Bronze, replaceable.
 4. Supply Connections: NPS 1/2 or NPS 3/4 (DN 15 or DN 20) threaded or solder-joint
 inlet.
 5. Outlet Connection: Garden-hose thread complying with ASME B1.20.7.
 6. Pressure Rating: 125 psig (860 kPa).
 7. Vacuum Breaker: Integral or field-installation, nonremovable, drainable, hose-connection
 vacuum breaker complying with ASSE 1011.
 8. Finish for Equipment Rooms: Rough bronze, or chrome or nickel plated.
 9. Finish for Service Areas: Rough bronze.
 10. Finish for Finished Rooms: Chrome or nickel plated.
 11. Operation for Equipment Rooms: Wheel handle or operating key.
 12. Operation for Service Areas: Operating key.
 13. Operation for Finished Rooms: Operating key.
 14. Include operating key with each operating-key hose bibb.
 15. Include integral wall flange with each chrome- or nickel-plated hose bibb.
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 2.10 WALL HYDRANTS
 A. Vacuum Breaker Wall Hydrants WH-1:
 1. Standard: ASSE 1019, Type A or Type B.
 2. Type: Freeze-resistant, automatic draining with integral air-inlet valve.
 3. Classification: Type A, for automatic draining with hose removed or Type B, for
 automatic draining with hose removed or with hose attached and nozzle closed.
 4. Pressure Rating: 125 psig (860 kPa).
 5. Operation: Loose key.
 6. Casing and Operating Rod: Of length required to match wall thickness. Include wall
 clamp.
 7. Inlet: NPS 1/2 or NPS 3/4 (DN 15 or DN 20).
 8. Outlet: Exposed with garden-hose thread complying with ASME B1.20.7.
 2.11 DRAIN VALVES
 A. Ball-Valve-Type, Hose-End Drain Valves:
 1. Standard: MSS SP-110 for standard-port, two-piece ball valves.
 2. Pressure Rating: 400-psig (2760-kPa) minimum CWP.
 3. Size: NPS 3/4 (DN 20).
 4. Body: Copper alloy.
 5. Ball: Chrome-plated brass.
 6. Seats and Seals: Replaceable.
 7. Handle: Vinyl-covered steel.
 8. Inlet: Threaded or solder joint.
 9. Outlet: Threaded, short nipple with garden-hose thread complying with ASME B1.20.7
 and cap with brass chain.
 2.12 WATER-HAMMER ARRESTERS
 A. Water-Hammer Arresters WHA-x:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Precision Plumbing Products.
 b. Smith, Jay R. Mfg. Co.
 c. Watts; a Watts Water Technologies company.
 2. Standard: ASSE 1010 or PDI-WH 201.
 3. Type: Metal bellows.
 4. Size: ASSE 1010, Sizes AA and A through F, or PDI-WH 201, Sizes A through F.
 http://www.specagent.com/Lookup?ulid=2049
 http://www.specagent.com/Lookup?uid=123456983160
 http://www.specagent.com/Lookup?uid=123456983161
 http://www.specagent.com/Lookup?uid=123456983159
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 2.13 TRAP-SEAL PRIMER DEVICE
 A. Supply-Type, Trap-Seal Primer Device TP-2:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Precision Plumbing Products.
 b. Smith, Jay R. Mfg. Co.
 c. Watts; a Watts Water Technologies company.
 2. Standard: ASSE 1018.
 3. Pressure Rating: 125 psig (860 kPa) minimum.
 4. Body: Bronze.
 5. Inlet and Outlet Connections: NPS 1/2 (DN 15) threaded, union, or solder joint.
 6. Gravity Drain Outlet Connection: NPS 1/2 (DN 15) threaded or solder joint.
 7. Finish: Chrome plated, or rough bronze for units used with pipe or tube that is not
 chrome finished.
 B. Drainage-Type, Trap-Seal Primer Device TP-1:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Smith, Jay R. Mfg. Co.
 2. Standard: ASSE 1044, lavatory P-trap with NPS 3/8 (DN 10) minimum, trap makeup
 connection.
 3. Size: NPS 1-1/4 (DN 32) minimum.
 4. Material: Chrome-plated, cast brass.
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Install backflow preventers in each water supply to mechanical equipment and systems and to
 other equipment and water systems that may be sources of contamination. Comply with
 authorities having jurisdiction.
 1. Locate backflow preventers in same room as connected equipment or system.
 2. Install drain for backflow preventers with atmospheric-vent drain connection with air-gap
 fitting, fixed air-gap fitting, or equivalent positive pipe separation of at least two pipe
 diameters in drain piping and pipe-to-floor drain. Locate air-gap device attached to or
 under backflow preventer. Simple air breaks are unacceptable for this application.
 http://www.specagent.com/Lookup?ulid=2051
 http://www.specagent.com/Lookup?uid=123456983110
 http://www.specagent.com/Lookup?uid=123456983111
 http://www.specagent.com/Lookup?uid=123456983112
 http://www.specagent.com/Lookup?ulid=2052
 http://www.specagent.com/Lookup?uid=123456983166
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 3. Do not install bypass piping around backflow preventers.
 B. Install water regulators with inlet and outlet shutoff valves and bypass with memory-stop
 balancing valve. Install pressure gages on inlet and outlet.
 C. Install balancing valves in locations where they can easily be adjusted.
 D. Install temperature-actuated, water mixing valves with check stops or shutoff valves on inlets
 and with shutoff valve on outlet.
 1. Install cabinet-type units recessed in or surface mounted on wall as specified.
 E. Install Y-pattern strainers for water on supply side of each control valve water pressure-
 reducing valve solenoid valve and pump.
 F. Install water-hammer arresters in water piping according to PDI-WH 201.
 G. Install supply-type, trap-seal primer valves with outlet piping pitched down toward drain trap a
 minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting. Adjust valve for
 proper flow.
 H. Install drainage-type, trap-seal primer valves as lavatory trap with outlet piping pitched down
 toward drain trap a minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting.
 3.2 CONNECTIONS
 A. Comply with requirements for ground equipment in Section 260526 "Grounding and Bonding
 for Electrical Systems."
 B. Fire-retardant-treated-wood blocking is specified in Section 260519 "Low-Voltage Electrical
 Power Conductors and Cables" for electrical connections.
 3.3 FIELD QUALITY CONTROL
 A. Perform the following tests and inspections:
 1. Test each pressure vacuum breaker reduced-pressure-principle backflow preventer
 double-check, backflow-prevention assembly according to authorities having jurisdiction
 and the device's reference standard.
 B. Domestic water piping specialties will be considered defective if they do not pass tests and
 inspections.
 C. Prepare test and inspection reports.
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 3.4 ADJUSTING
 A. Set field-adjustable pressure set points of water pressure-reducing valves.
 B. Set field-adjustable flow set points of balancing valves.
 C. Set field-adjustable temperature set points of temperature-actuated, water mixing valves.
 END OF SECTION 221119
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 SECTION 221316
 SANITARY WASTE AND VENT PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Pipe, tube, and fittings.
 2. Specialty pipe fittings.
 B. Related Section:
 1. Section 221313 "Facility Sanitary Sewers" for sanitary sewerage piping and structures
 outside the building.
 1.2 PERFORMANCE REQUIREMENTS
 A. Seismic Performance: Soil, waste, and vent piping and support and installation shall withstand
 the effects of earthquake motions determined according to ASCE/SEI 7.
 1.3 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 1.4 INFORMATIONAL SUBMITTALS
 A. Seismic Qualification Certificates: For waste and vent piping, accessories, and components,
 from manufacturer.
 1. Basis for Certification: Indicate whether withstand certification is based on actual test of
 assembled components or on calculation.
 2. Detailed description of piping anchorage devices on which the certification is based and
 their installation requirements.
 B. Field quality-control reports.
 1.5 QUALITY ASSURANCE
 A. Piping materials shall bear label, stamp, or other markings of specified testing agency.
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 B. Comply with NSF/ANSI 14, "Plastics Piping Systems Components and Related Materials," for
 plastic piping components. Include marking with "NSF-dwv" for plastic drain, waste, and vent
 piping and "NSF-sewer" for plastic sewer piping.
 PART 2 - PRODUCTS
 2.1 PIPING MATERIALS
 A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting
 materials, and joining methods for specific services, service locations, and pipe sizes.
 2.2 HUB-AND-SPIGOT, CAST-IRON SOIL PIPE AND FITTINGS
 A. Pipe and Fittings: ASTM A 74, Service class.
 B. Gaskets: ASTM C 564, rubber.
 2.3 HUBLESS, CAST-IRON SOIL PIPE AND FITTINGS
 A. Pipe and Fittings: ASTM A 888 or CISPI 301.
 B. CISPI, Hubless-Piping Couplings:
 1. Manufacturers: Subject to compliance with requirements, provide products by the
 following:
 a. Charlotte Pipe and Foundry Company.
 2. Standards: ASTM C 1277 and CISPI 310.
 3. Description: Stainless-steel corrugated shield with stainless-steel bands and tightening
 devices; and ASTM C 564, rubber sleeve with integral, center pipe stop.
 C. Heavy-Duty, Hubless-Piping Couplings:
 1. Manufacturers: Subject to compliance with requirements, provide products by the
 following:
 a. Charlotte Pipe and Foundry Company.
 2. Standards: ASTM C 1277 and ASTM C 1540.
 3. Description: Stainless-steel shield with stainless-steel bands and tightening devices; and
 ASTM C 564, rubber sleeve with integral, center pipe stop.
 http://www.specagent.com/Lookup?ulid=2165
 http://www.specagent.com/Lookup?uid=123457056572
 http://www.specagent.com/Lookup?ulid=2167
 http://www.specagent.com/Lookup?uid=123457058018
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 2.4 PVC PIPE AND FITTINGS
 A. Solid-Wall PVC Pipe: ASTM D 2665, drain, waste, and vent.
 B. Cellular-Core PVC Pipe: ASTM F 891, Schedule 40.
 C. PVC Socket Fittings: ASTM D 2665, made to ASTM D 3311, drain, waste, and vent patterns
 and to fit Schedule 40 pipe.
 D. Adhesive Primer: ASTM F 656.
 1. Adhesive primer shall have a VOC content of 550 g/L or less when calculated according
 to 40 CFR 59, Subpart D (EPA Method 24).
 2. Adhesive primer shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic
 Emissions from Various Sources Using Small-Scale Environmental Chambers."
 E. Solvent Cement: ASTM D 2564.
 1. PVC solvent cement shall have a VOC content of 510 g/L or less when calculated
 according to 40 CFR 59, Subpart D (EPA Method 24).
 2. Solvent cement shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic
 Emissions from Various Sources Using Small-Scale Environmental Chambers."
 2.5 SPECIALTY PIPE FITTINGS
 A. Transition Couplings:
 1. General Requirements: Fitting or device for joining piping with small differences in OD's
 or of different materials. Include end connections same size as and compatible with pipes
 to be joined.
 2. Fitting-Type Transition Couplings: Manufactured piping coupling or specified piping
 system fitting.
 3. Unshielded, Nonpressure Transition Couplings:
 a. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not
 limited to the following:
 1) Fernco Inc.
 2) Froet Industries LLC.
 3) Mission Rubber Company, LLC; a division of MCP Industries.
 b. Standard: ASTM C 1173.
 c. Description: Elastomeric, sleeve-type, reducing or transition pattern. Include shear
 ring and corrosion-resistant-metal tension band and tightening mechanism on each
 end.
 http://www.specagent.com/Lookup?ulid=2173
 http://www.specagent.com/Lookup?uid=123456932148
 http://www.specagent.com/Lookup?uid=123456932151
 http://www.specagent.com/Lookup?uid=123456932149

Page 91
						

RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 SANITARY WASTE AND VENT PIPING 221316 - 4
 d. Sleeve Materials:
 1) For Cast-Iron Soil Pipes: ASTM C 564, rubber.
 2) For Plastic Pipes: ASTM F 477, elastomeric seal or ASTM D 5926, PVC.
 3) For Dissimilar Pipes: ASTM D 5926, PVC or other material compatible
 with pipe materials being joined.
 4. Shielded, Nonpressure Transition Couplings:
 a. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not
 limited to the following:
 1) Cascade Waterworks Mfg. Co.
 2) Mission Rubber Company, LLC; a division of MCP Industries.
 b. Standard: ASTM C 1460.
 c. Description: Elastomeric or rubber sleeve with full-length, corrosion-resistant
 outer shield and corrosion-resistant-metal tension band and tightening mechanism
 on each end.
 PART 3 - EXECUTION
 3.1 EARTH MOVING
 A. Comply with requirements for excavating, trenching, and backfilling specified in
 Section 312000 "Earth Moving."
 3.2 PIPING INSTALLATION
 A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping
 systems. Indicated locations and arrangements were used to size pipe and calculate friction loss,
 expansion, pump sizing, and other design considerations. Install piping as indicated unless
 deviations to layout are approved on coordination drawings.
 B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms
 and service areas.
 C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right
 angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated
 otherwise.
 D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
 E. Install piping at indicated slopes.
 http://www.specagent.com/Lookup?ulid=2174
 http://www.specagent.com/Lookup?uid=123456932178
 http://www.specagent.com/Lookup?uid=123456932179
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 F. Install piping free of sags and bends.
 G. Install fittings for changes in direction and branch connections.
 H. Install seismic restraints on piping. Comply with requirements for seismic-restraint devices
 specified in Section 220548 "Vibration and Seismic Controls for Plumbing Piping and
 Equipment."
 I. Make changes in direction for soil and waste drainage and vent piping using appropriate
 branches, bends, and long-sweep bends. Sanitary tees and short-sweep 1/4 bends may be used
 on vertical stacks if change in direction of flow is from horizontal to vertical. Use long-turn,
 double Y-branch and 1/8-bend fittings if two fixtures are installed back to back or side by side
 with common drain pipe. Straight tees, elbows, and crosses may be used on vent lines. Do not
 change direction of flow more than 90 degrees. Use proper size of standard increasers and
 reducers if pipes of different sizes are connected. Reducing size of drainage piping in direction
 of flow is prohibited.
 J. Lay buried building drainage piping beginning at low point of each system. Install true to grades
 and alignment indicated, with unbroken continuity of invert. Place hub ends of piping upstream.
 Install required gaskets according to manufacturer's written instructions for use of lubricants,
 cements, and other installation requirements. Maintain swab in piping and pull past each joint as
 completed.
 K. Install soil and waste drainage and vent piping at the following minimum slopes unless
 otherwise indicated:
 1. Building Sanitary Drain: 2 percent downward in direction of flow for piping NPS 3
 (DN 80) and smaller; 1 percent downward in direction of flow for piping NPS 4
 (DN 100) and larger.
 2. Horizontal Sanitary Drainage Piping: 1 percent downward in direction of flow.
 3. Vent Piping: 1 percent down toward vertical fixture vent or toward vent stack.
 L. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook,"
 Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings."
 M. Install aboveground copper tubing according to CDA's "Copper Tube Handbook."
 N. Install aboveground ABS piping according to ASTM D 2661.
 O. Install aboveground PVC piping according to ASTM D 2665.
 P. Install underground PVC piping according to ASTM D 2321.
 Q. Plumbing Specialties:
 1. Install backwater valves in sanitary waste gravity-flow piping. Comply with requirements
 for backwater valves specified in Section 221319 "Sanitary Waste Piping Specialties."
 2. Install cleanouts at grade and extend to where building sanitary drains connect to building
 sanitary sewers in sanitary drainage gravity-flow piping. Comply with requirements for
 cleanouts specified in Section 221319 "Sanitary Waste Piping Specialties."
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 3. Install drains in sanitary drainage gravity-flow piping. Comply with requirements for
 drains specified in Section 221319 "Sanitary Waste Piping Specialties."
 R. Do not enclose, cover, or put piping into operation until it is inspected and approved by
 authorities having jurisdiction.
 S. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements
 for sleeves specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing Piping."
 T. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
 requirements for sleeve seals specified in Section 220517 "Sleeves and Sleeve Seals for
 Plumbing Piping."
 U. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
 requirements for escutcheons specified in Section 220518 "Escutcheons for Plumbing Piping."
 3.3 JOINT CONSTRUCTION
 A. Join hub-and-spigot, cast-iron soil piping with gasket joints according to CISPI's "Cast Iron Soil
 Pipe and Fittings Handbook" for compression joints.
 B. Join hubless, cast-iron soil piping according to CISPI 310 and CISPI's "Cast Iron Soil Pipe and
 Fittings Handbook" for hubless-piping coupling joints.
 C. Join copper tube and fittings with soldered joints according to ASTM B 828. Use ASTM B 813,
 water-flushable, lead-free flux and ASTM B 32, lead-free-alloy solder.
 D. Flanged Joints: Align bolt holes. Select appropriate gasket material, size, type, and thickness.
 Install gasket concentrically positioned. Use suitable lubricants on bolt threads. Torque bolts in
 cross pattern.
 E. Plastic, Nonpressure-Piping, Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe
 and fittings according to the following:
 1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent
 cements.
 2. ABS Piping: Join according to ASTM D 2235 and ASTM D 2661 Appendixes.
 3. PVC Piping: Join according to ASTM D 2855 and ASTM D 2665 Appendixes.
 3.4 SPECIALTY PIPE FITTING INSTALLATION
 A. Transition Couplings:
 1. Install transition couplings at joints of piping with small differences in OD's.
 2. In Drainage Piping: Shielded, nonpressure transition couplings.
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 3.5 HANGER AND SUPPORT INSTALLATION
 A. Comply with requirements for seismic-restraint devices specified in Section 220548 "Vibration
 and Seismic Controls for Plumbing Piping and Equipment."
 B. Comply with requirements for pipe hanger and support devices and installation specified in
 Section 220529 "Hangers and Supports for Plumbing Piping and Equipment."
 1. Install carbon-steel pipe hangers for horizontal piping in noncorrosive environments.
 2. Install stainless-steel pipe hangers for horizontal piping in corrosive environments.
 3. Install carbon-steel pipe support clamps for vertical piping in noncorrosive environments.
 4. Install stainless-steel pipe support clamps for vertical piping in corrosive environments.
 5. Vertical Piping: MSS Type 8 or Type 42, clamps.
 6. Install individual, straight, horizontal piping runs:
 a. 100 Feet (30 m) and Less: MSS Type 1, adjustable, steel clevis hangers.
 b. Longer Than 100 Feet (30 m): MSS Type 43, adjustable roller hangers.
 c. Longer Than 100 Feet (30 m) if Indicated: MSS Type 49, spring cushion rolls.
 7. Multiple, Straight, Horizontal Piping Runs 100 Feet (30 m) or Longer: MSS Type 44,
 pipe rolls. Support pipe rolls on trapeze.
 8. Base of Vertical Piping: MSS Type 52, spring hangers.
 C. Support horizontal piping and tubing within 12 inches (300 mm) of each fitting, valve, and
 coupling.
 D. Support vertical piping and tubing at base and at each floor.
 E. Rod diameter may be reduced one size for double-rod hangers, with 3/8-inch (10-mm)
 minimum rods.
 F. Install hangers for cast-iron soil piping with the following maximum horizontal spacing and
 minimum rod diameters:
 1. NPS 1-1/2 and NPS 2 (DN 40 and DN 50): 60 inches (1500 mm) with 3/8-inch (10-mm)
 rod.
 2. NPS 3 (DN 80): 60 inches (1500 mm) with 1/2-inch (13-mm) rod.
 3. NPS 4 and NPS 5 (DN 100 and DN 125): 60 inches (1500 mm) with 5/8-inch (16-mm)
 rod.
 4. NPS 6 and NPS 8 (DN 150 and DN 200): 60 inches (1500 mm) with 3/4-inch (19-mm)
 rod.
 5. Spacing for 10-foot (3-m) lengths may be increased to 10 feet (3 m). Spacing for fittings
 is limited to 60 inches (1500 mm).
 G. Install supports for vertical cast-iron soil piping every 15 feet (4.5 m).
 H. Install hangers for PVC piping with the following maximum horizontal spacing and minimum
 rod diameters:
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 1. NPS 1-1/2 and NPS 2 (DN 40 and DN 50): 48 inches (1200 mm) with 3/8-inch (10-mm)
 rod.
 2. NPS 3 (DN 80): 48 inches (1200 mm) with 1/2-inch (13-mm) rod.
 3. NPS 4 and NPS 5 (DN 100 and DN 125): 48 inches (1200 mm) with 5/8-inch (16-mm)
 rod.
 4. NPS 6 and NPS 8 (DN 150 and DN 200): 48 inches (1200 mm) with 3/4-inch (19-mm)
 rod.
 I. Install supports for vertical PVC piping every 48 inches (1200 mm).
 J. Support piping and tubing not listed above according to MSS SP-69 and manufacturer's written
 instructions.
 3.6 CONNECTIONS
 A. Drawings indicate general arrangement of piping, fittings, and specialties.
 B. Connect soil and waste piping to exterior sanitary sewerage piping. Use transition fitting to join
 dissimilar piping materials.
 C. Connect drainage and vent piping to the following:
 1. Plumbing Fixtures: Connect drainage piping in sizes indicated, but not smaller than
 required by plumbing code.
 2. Plumbing Fixtures and Equipment: Connect atmospheric vent piping in sizes indicated,
 but not smaller than required by authorities having jurisdiction.
 3. Plumbing Specialties: Connect drainage and vent piping in sizes indicated, but not
 smaller than required by plumbing code.
 4. Install test tees (wall cleanouts) in conductors near floor and floor cleanouts with cover
 flush with floor.
 5. Comply with requirements for cleanouts and drains specified in Section 221319 "Sanitary
 Waste Piping Specialties."
 6. Equipment: Connect drainage piping as indicated. Provide shutoff valve if indicated and
 union for each connection. Use flanges instead of unions for connections NPS 2-1/2
 (DN 65) and larger.
 D. Where installing piping adjacent to equipment, allow space for service and maintenance of
 equipment.
 E. Make connections according to the following unless otherwise indicated:
 1. Install unions, in piping NPS 2 (DN 50) and smaller, adjacent to each valve and at final
 connection to each piece of equipment.
 2. Install flanges, in piping NPS 2-1/2 (DN 65) and larger, adjacent to flanged valves and at
 final connection to each piece of equipment.
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 3.7 IDENTIFICATION
 A. Identify exposed sanitary waste and vent piping. Comply with requirements for identification
 specified in Section 220553 "Identification for Plumbing Piping and Equipment."
 3.8 FIELD QUALITY CONTROL
 A. During installation, notify authorities having jurisdiction at least 24 hours before inspection
 must be made. Perform tests specified below in presence of authorities having jurisdiction.
 1. Roughing-in Inspection: Arrange for inspection of piping before concealing or closing-in
 after roughing-in and before setting fixtures.
 2. Final Inspection: Arrange for final inspection by authorities having jurisdiction to
 observe tests specified below and to ensure compliance with requirements.
 B. Reinspection: If authorities having jurisdiction find that piping will not pass test or inspection,
 make required corrections and arrange for reinspection.
 C. Reports: Prepare inspection reports and have them signed by authorities having jurisdiction.
 D. Test sanitary drainage and vent piping according to procedures of authorities having jurisdiction
 or, in absence of published procedures, as follows:
 1. Test for leaks and defects in new piping and parts of existing piping that have been
 altered, extended, or repaired. If testing is performed in segments, submit separate report
 for each test, complete with diagram of portion of piping tested.
 2. Leave uncovered and unconcealed new, altered, extended, or replaced drainage and vent
 piping until it has been tested and approved. Expose work that was covered or concealed
 before it was tested.
 3. Roughing-in Plumbing Test Procedure: Test drainage and vent piping except outside
 leaders on completion of roughing-in. Close openings in piping system and fill with water
 to point of overflow, but not less than 10-foot head of water (30 kPa). From 15 minutes
 before inspection starts to completion of inspection, water level must not drop. Inspect
 joints for leaks.
 4. Finished Plumbing Test Procedure: After plumbing fixtures have been set and traps filled
 with water, test connections and prove they are gastight and watertight. Plug vent-stack
 openings on roof and building drains where they leave building. Introduce air into piping
 system equal to pressure of 1-inch wg (250 Pa). Use U-tube or manometer inserted in trap
 of water closet to measure this pressure. Air pressure must remain constant without
 introducing additional air throughout period of inspection. Inspect plumbing fixture
 connections for gas and water leaks.
 5. Repair leaks and defects with new materials and retest piping, or portion thereof, until
 satisfactory results are obtained.
 6. Prepare reports for tests and required corrective action.
 3.9 CLEANING AND PROTECTION
 A. Clean interior of piping. Remove dirt and debris as work progresses.
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 B. Protect drains during remainder of construction period to avoid clogging with dirt and debris
 and to prevent damage from traffic and construction work.
 C. Place plugs in ends of uncompleted piping at end of day and when work stops.
 D. Exposed PVC Piping: Protect plumbing vents exposed to sunlight with two coats of water-based
 latex paint.
 3.10 PIPING SCHEDULE
 A. Flanges and unions may be used on aboveground pressure piping unless otherwise indicated.
 B. Aboveground, soil and waste piping NPS 4 (DN 100) and smaller shall be the following:
 1. Hubless, cast-iron soil pipe and fittings; CISPI hubless-piping couplings; and coupled
 joints.
 2. Dissimilar Pipe-Material Couplings: Shielded, nonpressure transition couplings.
 C. Aboveground, vent piping NPS 4 (DN 100) and smaller shall be the following:
 1. Hubless, cast-iron soil pipe and fittings; CISPI hubless-piping couplings; and coupled
 joints.
 2. Dissimilar Pipe-Material Couplings: Shielded, nonpressure transition couplings.
 D. Underground, soil, waste, and vent piping NPS 4 (DN 100) and smaller shall be any of the
 following:
 1. Service class, cast-iron soil piping; gaskets; and gasketed joints.
 2. Hubless, cast-iron soil pipe and fittings; CISPI heavy-duty cast-iron hubless-piping
 couplings; and coupled joints.
 3. Solid wall PVC pipe, PVC socket fittings, and solvent-cemented joints.
 4. Dissimilar Pipe-Material Couplings: Shielded, nonpressure transition couplings.
 END OF SECTION 221316
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 SECTION 221319
 SANITARY WASTE PIPING SPECIALTIES
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Cleanouts.
 2. Floor drains.
 3. Roof flashing assemblies.
 4. Miscellaneous sanitary drainage piping specialties.
 5. Flashing materials.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated. Include rated capacities, operating
 characteristics, and accessories for grease interceptors.
 1.3 QUALITY ASSURANCE
 A. Drainage piping specialties shall bear label, stamp, or other markings of specified testing
 agency.
 PART 2 - PRODUCTS
 2.1 CLEANOUTS
 A. Exposed Cast-Iron Cleanouts (CO):
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Smith, Jay R. Mfg. Co.
 b. Tyler Pipe; a subsidiary of McWane Inc.
 c. Zurn Industries, LLC.
 2. Standard: ASME A112.36.2M for cast iron for cleanout test tee.
 3. Size: Same as connected drainage piping
 http://www.specagent.com/Lookup?ulid=7379
 http://www.specagent.com/Lookup?uid=123456948658
 http://www.specagent.com/Lookup?uid=123456948659
 http://www.specagent.com/Lookup?uid=123456948661

Page 99
						

RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 SANITARY WASTE PIPING SPECIALTIES 221319 - 2
 4. Body Material: Hubless, cast-iron soil pipe test tee as required to match connected
 piping.
 5. Closure: Countersunk or raised-head, cast-iron plug.
 6. Closure Plug Size: Same as or not more than one size smaller than cleanout size.
 B. Cast-Iron Floor Cleanouts (FCO):
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Smith, Jay R. Mfg. Co.
 b. Tyler Pipe; a subsidiary of McWane Inc.
 c. Zurn Industries, LLC.
 2. Standard: ASME A112.36.2M for threaded, adjustable housing cleanout.
 3. Size: Same as connected branch.
 4. Type: Threaded, adjustable housing.
 5. Body or Ferrule: Cast iron.
 6. Clamping Device: Required.
 7. Outlet Connection: Threaded.
 8. Closure: Cast-iron plug.
 9. Adjustable Housing Material: Cast iron with threads.
 10. Frame and Cover Material and Finish: Nickel-bronze, copper alloy.
 11. Frame and Cover Shape: Round.
 12. Top Loading Classification: Medium Duty.
 13. Riser: ASTM A 74, Service class, cast-iron drainage pipe fitting and riser to cleanout.
 C. Cast-Iron Wall Cleanouts (WCO):
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Smith, Jay R. Mfg. Co.
 b. Watts; a Watts Water Technologies company.
 c. Zurn Industries, LLC.
 2. Standard: ASME A112.36.2M. Include wall access.
 3. Size: Same as connected drainage piping.
 4. Body: Hub-and-spigot, cast-iron soil pipe T-branch as required to match connected
 piping.
 5. Closure: Countersunk or raised-head, drilled-and-threaded plug.
 6. Closure Plug Size: Same as or not more than one size smaller than cleanout size.
 7. Wall Access: Round, deep, chrome-plated bronze cover plate with screw.
 8. Wall Access: Round, nickel-bronze, copper-alloy, or stainless-steel wall-installation
 frame and cover.
 http://www.specagent.com/Lookup?ulid=7381
 http://www.specagent.com/Lookup?uid=123456948666
 http://www.specagent.com/Lookup?uid=123456948667
 http://www.specagent.com/Lookup?uid=123456948669
 http://www.specagent.com/Lookup?ulid=2187
 http://www.specagent.com/Lookup?uid=123456948643
 http://www.specagent.com/Lookup?uid=123456948638
 http://www.specagent.com/Lookup?uid=123456948641
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 2.2 FLOOR DRAINS
 A. Cast-Iron Floor Drains (FD):
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Josam Company.
 b. Smith, Jay R. Mfg. Co.
 c. Zurn Industries, LLC.
 2. Standard: ASME A112.6.3.
 3. Pattern: Floor drain.
 4. Body Material: Gray iron.
 5. Seepage Flange: Required.
 6. Anchor Flange: Not required.
 7. Clamping Device: Required.
 8. Outlet: Bottom.
 9. Coating on Interior and Exposed Exterior Surfaces: Acid-resistant enamel.
 10. Sediment Bucket: Not required.
 11. Top or Strainer Material: Nickel bronze.
 12. Top of Body and Strainer Finish: Nickel bronze.
 13. Top Shape: Square.
 14. Top Loading Classification: Medium Duty.
 15. Funnel: Not required.
 16. Inlet Fitting: Gray iron, with threaded inlet and threaded or spigot outlet, and trap-seal
 primer valve connection.
 17. Trap Material: Cast iron.
 18. Trap Pattern: Standard P-trap.
 19. Trap Features: Cleanout and trap-seal primer valve drain connection.
 2.3 ROOF FLASHING ASSEMBLIES
 A. Roof Flashing Assemblies:
 1. Manufacturers: Subject to compliance with requirements, available manufacturers
 offering products that may be incorporated into the Work include, but are not limited to
 the following:
 a. Acorn Engineering Company.
 b. Thaler Metal Industries Ltd.
 c. Zurn Industries, LLC.
 2. Description: Manufactured assembly made of 4.0-lb/sq. ft. (20-kg/sq. m), 0.0625-inch-
 (1.6-mm-) thick, lead flashing collar and skirt extending at least 8 inches (200 mm) from
 pipe, with galvanized-steel boot reinforcement and counterflashing fitting.
 http://www.specagent.com/Lookup?ulid=2189
 http://www.specagent.com/Lookup?uid=123456948649
 http://www.specagent.com/Lookup?uid=123456948650
 http://www.specagent.com/Lookup?uid=123456948651
 http://www.specagent.com/Lookup?ulid=2207
 http://www.specagent.com/Lookup?uid=123456948768
 http://www.specagent.com/Lookup?uid=123456948767
 http://www.specagent.com/Lookup?uid=123456966639
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 a. Open-Top Vent Cap: Without cap.
 b. Low-Silhouette Vent Cap: With vandal-proof vent cap.
 c. Extended Vent Cap: With field-installed, vandal-proof vent cap.
 2.4 MISCELLANEOUS SANITARY DRAINAGE PIPING SPECIALTIES
 A. Floor-Drain, Trap-Seal Primer Fittings:
 1. Description: Cast iron, with threaded inlet and threaded or spigot outlet, and trap-seal
 primer valve connection.
 2. Size: Same as floor drain outlet with NPS 1/2 (DN 15) side inlet.
 B. Air-Gap Fittings:
 1. Standard: ASME A112.1.2, for fitting designed to ensure fixed, positive air gap between
 installed inlet and outlet piping.
 2. Body: Bronze or cast iron.
 3. Inlet: Opening in top of body.
 4. Outlet: Larger than inlet.
 5. Size: Same as connected waste piping and with inlet large enough for associated indirect
 waste piping.
 C. Sleeve Flashing Device:
 1. Description: Manufactured, cast-iron fitting, with clamping device, that forms sleeve for
 pipe floor penetrations of floor membrane. Include galvanized-steel pipe extension in top
 of fitting that will extend 2 inches (51 mm) above finished floor and galvanized-steel pipe
 extension in bottom of fitting that will extend through floor slab.
 2. Size: As required for close fit to riser or stack piping.
 D. Stack Flashing Fittings:
 1. Description: Counterflashing-type, cast-iron fitting, with bottom recess for terminating
 roof membrane, and with threaded or hub top for extending vent pipe.
 2. Size: Same as connected stack vent or vent stack.
 E. Vent Caps:
 1. Description: Cast-iron body with threaded or hub inlet and vandal-proof design. Include
 vented hood and setscrews to secure to vent pipe.
 2. Size: Same as connected stack vent or vent stack.
 2.5 FLASHING MATERIALS
 A. Lead Sheet: ASTM B 749, Type L51121, copper bearing, with the following minimum weights
 and thicknesses, unless otherwise indicated:
 1. General Use: 4.0-lb/sq. ft. (20-kg/sq. m), 0.0625-inch (1.6-mm) thickness.
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 2. Vent Pipe Flashing: 3.0-lb/sq. ft. (15-kg/sq. m), 0.0469-inch (1.2-mm) thickness.
 3. Burning: 6-lb/sq. ft. (30-kg/sq. m), 0.0938-inch (2.4-mm) thickness.
 B. Fasteners: Metal compatible with material and substrate being fastened.
 C. Metal Accessories: Sheet metal strips, clamps, anchoring devices, and similar accessory units
 required for installation; matching or compatible with material being installed.
 D. Solder: ASTM B 32, lead-free alloy.
 E. Bituminous Coating: SSPC-Paint 12, solvent-type, bituminous mastic.
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Install backwater valves in building drain piping. For interior installation, provide cleanout deck
 plate flush with floor and centered over backwater valve cover, and of adequate size to remove
 valve cover for servicing.
 B. Install cleanouts in aboveground piping and building drain piping according to the following,
 unless otherwise indicated:
 1. Size same as drainage piping up to NPS 4 (DN 100). Use NPS 4 (DN 100) for larger
 drainage piping unless larger cleanout is indicated.
 2. Locate at each change in direction of piping greater than 45 degrees.
 3. Locate at minimum intervals of 50 feet (15 m) for piping NPS 4 (DN 100) and smaller
 and 100 feet (30 m) for larger piping.
 4. Locate at base of each vertical soil and waste stack.
 C. For floor cleanouts for piping below floors, install cleanout deck plates with top flush with
 finished floor.
 D. For cleanouts located in concealed piping, install cleanout wall access covers, of types
 indicated, with frame and cover flush with finished wall.
 E. Install floor drains at low points of surface areas to be drained. Set grates of drains flush with
 finished floor, unless otherwise indicated.
 1. Position floor drains for easy access and maintenance.
 2. Set floor drains below elevation of surrounding finished floor to allow floor drainage. Set
 with grates depressed according to the following drainage area radii:
 a. Radius, 30 Inches (750 mm) or Less: Equivalent to 1 percent slope, but not less
 than 1/4-inch (6.35-mm) total depression.
 b. Radius, 30 to 60 Inches (750 to 1500 mm): Equivalent to 1 percent slope.
 c. Radius, 60 Inches (1500 mm) or Larger: Equivalent to 1 percent slope, but not
 greater than 1-inch (25-mm) total depression.
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 3. Install floor-drain flashing collar or flange so no leakage occurs between drain and
 adjoining flooring. Maintain integrity of waterproof membranes where penetrated.
 4. Install individual traps for floor drains connected to sanitary building drain, unless
 otherwise indicated.
 F. Install roof flashing assemblies on sanitary stack vents and vent stacks that extend through roof.
 G. Install flashing fittings on sanitary stack vents and vent stacks that extend through roof.
 H. Install floor-drain, trap-seal primer fittings on inlet to floor drains that require trap-seal primer
 connection.
 1. Exception: Fitting may be omitted if trap has trap-seal primer connection.
 2. Size: Same as floor drain inlet.
 I. Install air-gap fittings on draining-type backflow preventers and on indirect-waste piping
 discharge into sanitary drainage system.
 J. Install sleeve flashing device with each riser and stack passing through floors with waterproof
 membrane.
 K. Install vent caps on each vent pipe passing through roof.
 L. Install grease interceptors, including trapping, venting, and flow-control fitting, according to
 authorities having jurisdiction and with clear space for servicing.
 1. Above-Floor Installation: Set unit with bottom resting on floor, unless otherwise
 indicated.
 2. Flush with Floor Installation: Set unit and extension, if required, with cover flush with
 finished floor.
 3. Recessed Floor Installation: Set unit in receiver housing having bottom or cradle
 supports, with receiver housing cover flush with finished floor.
 4. Install cleanout immediately downstream from interceptors not having integral cleanout
 on outlet.
 M. Install traps on plumbing specialty drain outlets. Omit traps on indirect wastes unless trap is
 indicated.
 3.2 CONNECTIONS
 A. Comply with requirements in Section 221316 "Sanitary Waste and Vent Piping" for piping
 installation requirements. Drawings indicate general arrangement of piping, fittings, and
 specialties.
 B. Install piping adjacent to equipment to allow service and maintenance.
 C. Grease Interceptors: Connect inlet and outlet to unit, and connect flow-control fitting and vent
 to unit inlet piping. Install valve on outlet of automatic drawoff-type unit.
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 3.3 FLASHING INSTALLATION
 A. Fabricate flashing from single piece unless large pans, sumps, or other drainage shapes are
 required. Join flashing according to the following if required:
 1. Lead Sheets: Burn joints of lead sheets 6.0-lb/sq. ft. (30-kg/sq. m), 0.0938-inch (2.4-mm)
 thickness or thicker. Solder joints of lead sheets 4.0-lb/sq. ft. (20-kg/sq. m), 0.0625-inch
 (1.6-mm) thickness or thinner.
 B. Install sheet flashing on pipes, sleeves, and specialties passing through or embedded in floors
 and roofs with waterproof membrane.
 1. Pipe Flashing: Sleeve type, matching pipe size, with minimum length of 10 inches (250
 mm), and skirt or flange extending at least 8 inches (200 mm) around pipe.
 2. Sleeve Flashing: Flat sheet, with skirt or flange extending at least 8 inches (200 mm)
 around sleeve.
 3. Embedded Specialty Flashing: Flat sheet, with skirt or flange extending at least 8 inches
 (200 mm) around specialty.
 C. Set flashing on floors and roofs in solid coating of bituminous cement.
 D. Secure flashing into sleeve and specialty clamping ring or device.
 E. Install flashing for piping passing through roofs with counterflashing or commercially made
 flashing fittings, according to Section 076200 "Sheet Metal Flashing and Trim."
 F. Extend flashing up vent pipe passing through roofs and turn down into pipe, or secure flashing
 into cast-iron sleeve having calking recess.
 3.4 LABELING AND IDENTIFYING
 A. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment nameplate or
 sign on or near each grease interceptor.
 B. Distinguish among multiple units, inform operator of operational requirements, indicate safety
 and emergency precautions, and warn of hazards and improper operations, in addition to
 identifying unit. Nameplates and signs are specified in Section 220553 "Identification for
 Plumbing Piping and Equipment."
 3.5 PROTECTION
 A. Protect drains during remainder of construction period to avoid clogging with dirt or debris and
 to prevent damage from traffic or construction work.
 B. Place plugs in ends of uncompleted piping at end of each day or when work stops.
 END OF SECTION 221319
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 SECTION 223300
 ELECTRIC, DOMESTIC-WATER HEATERS
 PART 1 - GENERAL
 1.01 SUMMARY
 A. Section Includes:
 1. Thermostat-control, electric, domestic-water heaters.
 2. Domestic-water heater accessories.
 1.02 ACTION SUBMITTALS
 A. Product Data: For each type and size of domestic-water heater indicated.
 B. Shop Drawings:
 1. Wiring Diagrams: For power, signal, and control wiring.
 1.03 INFORMATIONAL SUBMITTALS
 A. Domestic-Water Heater Labeling: Certified and labeled by testing agency acceptable to
 authorities having jurisdiction.
 B. Source quality-control reports.
 C. Field quality-control reports.
 D. Warranty: Sample of special warranty.
 1.04 CLOSEOUT SUBMITTALS
 A. Operation and maintenance data.
 1.05 QUALITY ASSURANCE
 A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
 a qualified testing agency, and marked for intended location and application.
 B. ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1.
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 C. ASME Compliance: Where ASME-code construction is indicated, fabricate and label
 commercial, domestic-water heater storage tanks to comply with ASME Boiler and Pressure
 Vessel Code: Section VIII, Division 1.
 D. NSF Compliance: Fabricate and label equipment components that will be in contact with
 potable water to comply with NSF 61 Annex, "Drinking Water System Components - Health
 Effects."
 1.06 WARRANTY
 A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
 replace components of electric, domestic-water heaters that fail in materials or workmanship
 within specified warranty period.
 1. Warranty Periods: From date of Substantial Completion.
 a. Commercial, Tank-less, Electric, Domestic-Water Heaters:
 1) Controls and Other Components: Five years.
 b. Compression Tanks: Five years.
 PART 2 - PRODUCTS
 2.01 ELECTRIC, DOMESTIC-WATER HEATERS
 A. Thermostat-Control, Electric, Tankless, Domestic-Water Heaters:
 1. Standard: UL 499 for electric, tankless, (domestic-water heater) heating appliance.
 2. Construction: Copper piping or tubing complying with NSF 61 Annex G barrier materials
 for potable water, without storage capacity.
 a. Connections: ASME B1.20.1 pipe thread.
 b. Pressure Rating: 150 psig (1035 kPa).
 c. Heating Element: Resistance heating system.
 d. Temperature Control: Thermostat.
 e. Safety Control: High-temperature-limit cutoff device or system.
 f. Jacket: Aluminum or steel with enameled finish or plastic.
 3. Support: Bracket for wall mounting.
 4. Capacity and Characteristics: See schedule on drawings.
 2.02 DOMESTIC-WATER HEATER ACCESSORIES
 A. Domestic-Water Compression Tanks:
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 1. Description: Steel pressure-rated tank constructed with welded joints and factory-
 installed butyl-rubber diaphragm. Include air precharge to minimum system-operating
 pressure at tank.
 2. Construction:
 a. Tappings: Factory-fabricated steel, welded to tank before testing and labeling.
 Include ASME B1.20.1 pipe thread.
 b. Interior Finish: Comply with NSF 61 Annex barrier materials for potable-water
 tank linings, including extending finish into and through tank fittings and outlets.
 c. Air-Charging Valve: Factory installed.
 3. Capacity and Characteristics:
 a. Working-Pressure Rating: 100 psig (690 kPa).
 b. Capacity Acceptable: 2 gal. (7.6 L) minimum.
 c. Air Precharge Pressure: 55 psi.
 B. Drain Pans: Corrosion-resistant metal with raised edge. Comply with ANSI/CSA LC 3. Include
 dimensions not less than base of domestic-water heater, and include drain outlet not less than
 NPS 3/4 (DN 20) with ASME B1.20.1 pipe threads or with ASME B1.20.7 garden-hose
 threads.
 C. Piping-Type Heat Traps: Field-fabricated piping arrangement according to
 ASHRAE/IESNA 90.1 or ASHRAE 90.2.
 D. Heat-Trap Fittings: ASHRAE 90.2.
 E. Pressure-Reducing Valves: ASSE 1003 for water. Set at 25-psig- (172.5-kPa-) maximum outlet
 pressure unless otherwise indicated.
 F. Combination Temperature-and-Pressure Relief Valves: ASME rated and stamped. Include
 relieving capacity at least as great as heat input, and include pressure setting less than domestic-
 water heater working-pressure rating. Select relief valves with sensing element that extends into
 storage tank.
 G. Pressure Relief Valves: ASME rated and stamped. Include pressure setting less than domestic-
 water heater working-pressure rating.
 H. Vacuum Relief Valves: ANSI Z21.22/CSA 4.4.
 I. Shock Absorbers: ASSE 1010 or PDI-WH 201, Size A water hammer arrester.
 J. Domestic-Water Heater Stands: Manufacturer's factory-fabricated steel stand for floor
 mounting, capable of supporting domestic-water heater and water. Include dimension that will
 support bottom of domestic-water heater a minimum of 18 inches (457 mm) above the floor.
 K. Domestic-Water Heater Mounting Brackets: Manufacturer's factory-fabricated steel bracket for
 wall mounting, capable of supporting domestic-water heater and water.
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 2.03 SOURCE QUALITY CONTROL
 A. Factory Tests: Test and inspect domestic-water heaters specified to be ASME-code
 construction, according to ASME Boiler and Pressure Vessel Code.
 B. Hydrostatically test commercial domestic-water heaters to minimum of one and one-half times
 pressure rating before shipment.
 C. Electric, domestic-water heaters will be considered defective if they do not pass tests and
 inspections. Comply with requirements in Section 014000 "Quality Requirements" for retesting
 and reinspecting requirements and Section 017300 "Execution" for requirements for correcting
 the Work.
 D. Prepare test and inspection reports.
 PART 3 - EXECUTION
 3.01 DOMESTIC-WATER HEATER INSTALLATION
 A. Electric, Domestic-Water Heater Mounting: Install residential, electric, domestic-water heaters
 on domestic-water heater mounting bracket.
 1. Maintain manufacturer's recommended clearances.
 2. Arrange units so controls and devices that require servicing are accessible.
 3. Place and secure anchorage devices. Use setting drawings, templates, diagrams,
 instructions, and directions furnished with items to be embedded.
 4. Install anchor bolts to elevations required for proper attachment to supported equipment.
 5. Anchor domestic-water heaters to substrate.
 B. Install electric, domestic-water heaters level and plumb, according to layout drawings, original
 design, and referenced standards. Maintain manufacturer's recommended clearances. Arrange
 units so controls and devices needing service are accessible.
 1. Install shutoff valves on domestic-water-supply piping to domestic-water heaters and on
 domestic-hot-water outlet piping. Comply with requirements for shutoff valves specified
 in Section 220523.12 "Ball Valves for Plumbing Piping," Section 220523.13 "Butterfly
 Valves for Plumbing Piping," and Section 220523.15 "Gate Valves for Plumbing Piping,"
 C. Install combination temperature-and-pressure relief valves in top portion of storage tanks. Use
 relief valves with sensing elements that extend into tanks. Extend commercial-water-heater
 relief-valve outlet, with drain piping same as domestic-water piping in continuous downward
 pitch, and discharge by positive air gap onto closest floor drain.
 D. Install water-heater drain piping as indirect waste to spill by positive air gap into open drains or
 over floor drains. Install hose-end drain valves at low points in water piping for electric,
 domestic-water heaters that do not have tank drains. Comply with requirements for hose-end
 drain valves specified in Section 221119 "Domestic Water Piping Specialties."
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 E. Install thermometers on outlet piping of electric, domestic-water heaters. Comply with
 requirements for thermometers specified in Section 220519 "Meters and Gages for Plumbing
 Piping."
 F. Install pressure-reducing valve with integral bypass relief valve in electric, domestic-water
 booster-heater inlet piping and water hammer arrester in booster-heater outlet piping. Set
 pressure-reducing valve for outlet pressure of 25 psig (172 kPa). Comply with requirements for
 pressure-reducing valves and water hammer arresters specified in Section 221119 "Domestic
 Water Piping Specialties."
 G. Install piping-type heat traps on inlet and outlet piping of electric, domestic-water heater storage
 tanks without integral or fitting-type heat traps.
 H. Fill electric, domestic-water heaters with water.
 I. Charge domestic-water compression tanks with air.
 3.02 CONNECTIONS
 A. Comply with requirements for piping specified in Section 221116 "Domestic Water Piping."
 Drawings indicate general arrangement of piping, fittings, and specialties.
 B. Where installing piping adjacent to electric, domestic-water heaters, allow space for service and
 maintenance of water heaters. Arrange piping for easy removal of domestic-water heaters.
 3.03 IDENTIFICATION
 A. Identify system components. Comply with requirements for identification specified in
 Section 220553 "Identification for Plumbing Piping and Equipment."
 3.04 FIELD QUALITY CONTROL
 A. Perform tests and inspections.
 1. Manufacturer's Field Service: Engage a factory-authorized service representative to
 inspect components, assemblies, and equipment installations, including connections, and
 to assist in testing.
 2. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest
 until no leaks exist.
 3. Operational Test: After electrical circuitry has been energized, start units to confirm
 proper operation.
 4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
 equipment.
 B. Electric, domestic-water heaters will be considered defective if they do not pass tests and
 inspections. Comply with requirements in Section 014000 "Quality Requirements" for retesting

Page 110
						

RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 ELECTRIC, DOMESTIC-WATER HEATERS 223300
 and reinspecting requirements and Section 017300 "Execution" for requirements for correcting
 the Work.
 C. Prepare test and inspection reports.
 END OF SECTION 223300
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 SECTION 224213.13
 COMMERCIAL WATER CLOSETS
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Water closets.
 2. Flushometer valves.
 3. Toilet seats.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 B. Shop Drawings: Include diagrams for power, signal, and control wiring.
 1.3 CLOSEOUT SUBMITTALS
 A. Operation and Maintenance Data: For flushometer valves and electronic sensors to include in
 operation and maintenance manuals.
 PART 2 - PRODUCTS
 2.1 WALL-MOUNTED WATER CLOSETS
 A. See schedule on drawing for information.
 2.2 FLUSHOMETER VALVES
 A. See schedule on drawings for information.
 2.3 TOILET SEATS
 A. See schedule on drawings for information.
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 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Water-Closet Installation:
 1. Install level and plumb according to roughing-in drawings.
 2. Install floor-mounted water closets on bowl-to-drain connecting fitting attachments to
 piping or building substrate.
 3. Install accessible, wall-mounted water closets at mounting height for
 handicapped/elderly, according to ICC/ANSI A117.1.
 B. Support Installation:
 1. Install supports, affixed to building substrate, back-outlet water closets.
 2. Use carrier supports with waste-fitting assembly and seal.
 3. Install wall-mounted, back-outlet water-closet supports with waste-fitting assembly and
 waste-fitting seals; and affix to building substrate.
 C. Flushometer-Valve Installation:
 1. Install flushometer-valve, water-supply fitting on each supply to each water closet.
 2. Attach supply piping to supports or substrate within pipe spaces behind fixtures.
 3. Install lever-handle flushometer valves for accessible water closets with handle mounted
 on open side of water closet.
 4. Install actuators in locations that are easy for people with disabilities to reach.
 D. Install toilet seats on water closets.
 E. Wall Flange and Escutcheon Installation:
 1. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished
 locations and within cabinets and millwork.
 2. Install deep-pattern escutcheons if required to conceal protruding fittings.
 3. Comply with escutcheon requirements specified in Section 220518 "Escutcheons for
 Plumbing Piping."
 F. Joint Sealing:
 1. Seal joints between water closets and walls and floors using sanitary-type, one-part,
 mildew-resistant silicone sealant.
 2. Match sealant color to water-closet color.
 3. Comply with sealant requirements specified in Section 079200 "Joint Sealants."
 3.2 CONNECTIONS
 A. Connect water closets with water supplies and soil, waste, and vent piping. Use size fittings
 required to match water closets.
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 B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping."
 C. Comply with soil and waste piping requirements specified in Section 221316 "Sanitary Waste
 and Vent Piping."
 D. Where installing piping adjacent to water closets, allow space for service and maintenance.
 3.3 ADJUSTING
 A. Operate and adjust water closets and controls. Replace damaged and malfunctioning water
 closets, fittings, and controls.
 B. Adjust water pressure at flushometer valves to produce proper flow.
 3.4 CLEANING AND PROTECTION
 A. Clean water closets and fittings with manufacturers' recommended cleaning methods and
 materials.
 B. Install protective covering for installed water closets and fittings.
 C. Do not allow use of water closets for temporary facilities unless approved in writing by Owner.
 END OF SECTION 224213.13
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 SECTION 224213.16
 COMMERCIAL URINALS
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Urinals.
 2. Flushometer valves.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 B. Shop Drawings: Include diagrams for power, signal, and control wiring.
 1.3 CLOSEOUT SUBMITTALS
 A. Operation and Maintenance Data: For flushometer valves and electronic sensors to include in
 operation and maintenance manuals.
 PART 2 - PRODUCTS
 2.1 WALL-HUNG URINALS
 A. See schedule on drawings for information.
 2.2 URINAL FLUSHOMETER VALVES
 A. See schedules on drawings for information.
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine roughing-in of water supply and sanitary drainage and vent piping systems to verify
 actual locations of piping connections before urinal installation.
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 B. Examine walls and floors for suitable conditions where urinals will be installed.
 C. Proceed with installation only after unsatisfactory conditions have been corrected.
 3.2 INSTALLATION
 A. Urinal Installation:
 1. Install urinals level and plumb according to roughing-in drawings.
 2. Install wall-hung, back-outlet urinals onto waste fitting seals and attached to supports.
 3. Install accessible, wall-mounted urinals at mounting height for the handicapped/elderly,
 according to ICC/ANSI A117.1.
 B. Support Installation:
 1. Install supports, affixed to building substrate, for wall-hung urinals.
 2. Use off-floor carriers with waste fitting and seal for back-outlet urinals.
 3. Use carriers without waste fitting for urinals with tubular waste piping.
 4. Use chair-type carrier supports with rectangular steel uprights for accessible urinals.
 C. Flushometer-Valve Installation:
 1. Install flushometer-valve water-supply fitting on each supply to each urinal.
 2. Attach supply piping to supports or substrate within pipe spaces behind fixtures.
 3. Install lever-handle flushometer valves for accessible urinals with handle mounted on
 open side of compartment.
 4. Install fresh batteries in battery-powered, electronic-sensor mechanisms.
 D. Wall Flange and Escutcheon Installation:
 1. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished
 locations.
 2. Install deep-pattern escutcheons if required to conceal protruding fittings.
 3. Comply with escutcheon requirements specified in Section 220518 "Escutcheons for
 Plumbing Piping."
 E. Joint Sealing:
 1. Seal joints between urinals and walls and floors using sanitary-type, one-part, mildew-
 resistant silicone sealant.
 2. Match sealant color to urinal color.
 3. Comply with sealant requirements specified in Section 079200 "Joint Sealants."
 3.3 CONNECTIONS
 A. Connect urinals with water supplies and soil, waste, and vent piping. Use size fittings required
 to match urinals.
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 B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping."
 C. Comply with soil and waste piping requirements specified in Section 221316 "Sanitary Waste
 and Vent Piping."
 D. Where installing piping adjacent to urinals, allow space for service and maintenance.
 3.4 ADJUSTING
 A. Operate and adjust urinals and controls. Replace damaged and malfunctioning urinals, fittings,
 and controls.
 B. Adjust water pressure at flushometer valves to produce proper flow.
 C. Install fresh batteries in battery-powered, electronic-sensor mechanisms.
 3.5 CLEANING AND PROTECTION
 A. Clean urinals and fittings with manufacturers' recommended cleaning methods and materials.
 B. Install protective covering for installed urinals and fittings.
 C. Do not allow use of urinals for temporary facilities unless approved in writing by Owner.
 END OF SECTION 224213.16
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 SECTION 224216.13
 COMMERCIAL LAVATORIES
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Lavatories.
 2. Faucets.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 B. Shop Drawings: Include diagrams for power, signal, and control wiring of automatic faucets.
 1.3 INFORMATIONAL SUBMITTALS
 A. Coordination Drawings: Counter cutout templates for mounting of counter-mounted lavatories.
 1.4 CLOSEOUT SUBMITTALS
 A. Operation and Maintenance Data: For lavatories and faucets to include in operation and
 maintenance manuals.
 1. In addition to items specified in Section 017823 "Operation and Maintenance Data,"
 include the following:
 a. Servicing and adjustments of automatic faucets.
 PART 2 - PRODUCTS
 2.1 VITREOUS-CHINA, COUNTER-MOUNTED LAVATORIES
 A. See schedule on drawings for information.
 2.2 SOLID-BRASS, BATTERY OPERATED FAUCETS
 A. See schedule on drawings for information.
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 2.3 SUPPLY FITTINGS
 A. NSF Standard: Comply with NSF/ANSI 61 Annex G, "Drinking Water System Components -
 Health Effects," for supply-fitting materials that will be in contact with potable water.
 B. Standard: ASME A112.18.1/CSA B125.1.
 C. Supply Piping: Chrome-plated-brass pipe or chrome-plated copper tube matching water-supply
 piping size. Include chrome-plated-brass or stainless-steel wall flange.
 D. Supply Stops: Chrome-plated-brass, one-quarter-turn, ball-type or compression valve with inlet
 connection matching supply piping.
 E. Operation: Loose key.
 F. Risers:
 1. NPS 1/2 (DN 15).
 2. Chrome-plated, soft-copper flexible tube riser.
 2.4 WASTE FITTINGS
 A. Standard: ASME A112.18.2/CSA B125.2.
 B. Drain: Grid type with NPS 1-1/4 (DN 32) offset and straight tailpiece.
 C. Trap:
 1. Size: NPS 1-1/2 by NPS 1-1/4 (DN 40 by DN 32).
 2. Material: Chrome-plated, two-piece, cast-brass trap and swivel elbow with 0.032-inch-
 (0.83-mm-) thick brass tube to wall; and chrome-plated, brass or steel wall flange.
 3. Material: Stainless-steel, two-piece trap and swivel elbow with 0.012-inch- (0.30-mm-)
 thick stainless-steel tube to wall; and stainless-steel wall flange.
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine roughing-in of water supply and sanitary drainage and vent piping systems to verify
 actual locations of piping connections before lavatory installation.
 B. Examine counters and walls for suitable conditions where lavatories will be installed.
 C. Proceed with installation only after unsatisfactory conditions have been corrected.
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 3.2 INSTALLATION
 A. Install lavatories level and plumb according to roughing-in drawings.
 B. Install supports, affixed to building substrate, for wall-mounted lavatories.
 C. Install accessible wall-mounted lavatories at handicapped/elderly mounting height for people
 with disabilities or the elderly, according to ICC/ANSI A117.1.
 D. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations.
 Use deep-pattern escutcheons if required to conceal protruding fittings. Comply with
 escutcheon requirements specified in Section 220518 "Escutcheons for Plumbing Piping."
 E. Seal joints between lavatories and counters and walls using sanitary-type, one-part, mildew-
 resistant silicone sealant. Match sealant color to fixture color. Comply with sealant requirements
 specified in Section 079200 "Joint Sealants."
 F. Install protective shielding pipe covers and enclosures on exposed supplies and waste piping of
 accessible lavatories. Comply with requirements in Section 220719 "Plumbing Piping
 Insulation."
 3.3 CONNECTIONS
 A. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent
 piping. Use size fittings required to match fixtures.
 B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping."
 C. Comply with soil and waste piping requirements specified in Section 221316 "Sanitary Waste
 and Vent Piping."
 3.4 ADJUSTING
 A. Operate and adjust lavatories and controls. Replace damaged and malfunctioning lavatories,
 fittings, and controls.
 B. Adjust water pressure at faucets to produce proper flow.
 C. Install fresh batteries in battery-powered, electronic-sensor mechanisms.
 3.5 CLEANING AND PROTECTION
 A. After completing installation of lavatories, inspect and repair damaged finishes.
 B. Clean lavatories, faucets, and other fittings with manufacturers' recommended cleaning methods
 and materials.
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 C. Provide protective covering for installed lavatories and fittings.
 D. Do not allow use of lavatories for temporary facilities unless approved in writing by Owner.
 END OF SECTION 224216.13
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 SECTION 224216.16 - COMMERCIAL SINKS
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Service basins.
 2. Service sinks.
 3. Utility sinks.
 4. Handwash sinks.
 5. Sink faucets.
 6. Laminar-flow, faucet-spout outlets.
 7. Supply fittings.
 8. Waste fittings.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 1.3 INFORMATIONAL SUBMITTALS
 A. Coordination Drawings: Counter cutout templates for mounting of counter-mounted lavatories.
 1.4 CLOSEOUT SUBMITTALS
 A. Maintenance data.
 PART 2 - PRODUCTS
 2.1 SERVICE BASINS
 A. See schedule on drawings for information.
 2.2 BREAKROOM SINKS
 A. See schedule on drawings for information.
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 2.3 SINK FAUCETS
 A. See schedule on drawings for information.
 2.4 SUPPLY FITTINGS
 A. NSF Standard: Comply with NSF/ANSI 61 Annex G, "Drinking Water System Components -
 Health Effects," for supply-fitting materials that will be in contact with potable water.
 B. Standard: ASME A112.18.1/CSA B125.1.
 C. Supply Piping: Chrome-plated brass pipe or chrome-plated copper tube matching water-supply
 piping size. Include chrome-plated brass or stainless-steel wall flange.
 D. Supply Stops: Chrome-plated brass, one-quarter-turn, ball-type or compression valve with inlet
 connection matching supply piping.
 E. Operation: Loose key.
 F. Risers:
 1. NPS 1/2 (DN 15)
 2. Chrome-plated, rigid-copper pipe.
 2.5 WASTE FITTINGS
 A. Standard: ASME A112.18.2/CSA B125.2.
 B. Drain: Grid type with NPS 1-1/2 (DN 40) offset and straight tailpiece.
 C. Trap:
 1. Size: NPS 1-1/2 (DN 40).
 2. Material: Chrome-plated, two-piece, cast-brass trap and swivel elbow with 0.032-inch-
 (0.83-mm-) thick brass tube to wall; and chrome-plated brass or steel wall flange.
 3. Material: Stainless-steel, two-piece trap and swivel elbow with 0.012-inch- (0.30-mm-)
 thick stainless-steel tube to wall; and stainless-steel wall flange.
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine roughing-in of water supply and sanitary drainage and vent piping systems to verify
 actual locations of piping connections before sink installation.
 B. Examine walls, floors, and counters for suitable conditions where sinks will be installed.
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 C. Proceed with installation only after unsatisfactory conditions have been corrected.
 3.2 INSTALLATION
 A. Install sinks level and plumb according to roughing-in drawings.
 B. Install supports, affixed to building substrate, for wall-hung sinks.
 C. Install accessible wall-mounted sinks at handicapped/elderly mounting height according to
 ICC/ANSI A117.1.
 D. Set floor-mounted sinks in leveling bed of cement grout.
 E. Install water-supply piping with stop on each supply to each sink faucet.
 1. Exception: Use ball or gate valves if supply stops are not specified with sink. Comply
 with valve requirements specified in Section 220523.12 "Ball Valves for Plumbing
 Piping" and Section 220523.15 "Gate Valves for Plumbing Piping."
 2. Install stops in locations where they can be easily reached for operation.
 F. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations.
 Use deep-pattern escutcheons if required to conceal protruding fittings. Comply with
 escutcheon requirements specified in Section 220518 "Escutcheons for Plumbing Piping."
 G. Seal joints between sinks and counters, floors, and walls using sanitary-type, one-part, mildew-
 resistant silicone sealant. Match sealant color to fixture color. Comply with sealant requirements
 specified in Section 079200 "Joint Sealants."
 H. Install protective shielding pipe covers and enclosures on exposed supplies and waste piping of
 accessible sinks. Comply with requirements in Section 220719 "Plumbing Piping Insulation."
 3.3 CONNECTIONS
 A. Connect sinks with water supplies, stops, and risers, and with traps, soil, waste, and vent piping.
 Use size fittings required to match fixtures.
 B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping."
 C. Comply with soil and waste piping requirements specified in Section 221316 "Sanitary Waste
 and Vent Piping."
 3.4 ADJUSTING
 A. Operate and adjust sinks and controls. Replace damaged and malfunctioning sinks, fittings, and
 controls.
 B. Adjust water pressure at faucets to produce proper flow.
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 3.5 CLEANING AND PROTECTION
 A. After completing installation of sinks, inspect and repair damaged finishes.
 B. Clean sinks, faucets, and other fittings with manufacturers' recommended cleaning methods and
 materials.
 C. Provide protective covering for installed sinks and fittings.
 D. Do not allow use of sinks for temporary facilities unless approved in writing by Owner.
 END OF SECTION 224216.16
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 SECTION 224223 - COMMERCIAL SHOWERS
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Individual showers.
 2. Shower faucets.
 3. Grout.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 1.3 CLOSEOUT SUBMITTALS
 A. Maintenance data.
 PART 2 - PRODUCTS
 2.1 INDIVIDUAL SHOWERS
 A. See schedule on drawings for information.
 2.2 SHOWER FAUCETS
 A. NSF Standard: Comply with NSF 61 Annex G, "Drinking Water System Components - Health
 Effects," for shower materials that will be in contact with potable water.
 B. See schedule on drawings for information.
 2.3 GROUT
 A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
 hydraulic-cement grout.
 B. Characteristics: Nonshrink; recommended for interior and exterior applications.
 C. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.
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 D. Packaging: Premixed and factory packaged.
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Assemble shower components according to manufacturers' written instructions.
 B. Install showers level and plumb according to roughing-in drawings.
 C. Install water-supply piping with stop on each supply to each shower faucet.
 1. Exception: Use ball or gate valves if supply stops are not specified with shower. Comply
 with valve requirements specified in Section 220523.12 "Ball Valves for Plumbing
 Piping" and Section 220523.15 "Gate Valves for Plumbing Piping."
 2. Install stops in locations where they can be easily reached for operation.
 D. Install shower flow-control fittings with specified maximum flow rates in shower arms.
 E. Set shower receptors in leveling bed of cement grout.
 F. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations.
 Use deep-pattern escutcheons if required to conceal protruding fittings. Comply with
 escutcheons requirements specified in Section 220518 "Escutcheons for Plumbing Piping."
 G. Seal joints between showers and floors and walls using sanitary-type, one-part, mildew-resistant
 silicone sealant. Match sealant color to fixture color. Comply with sealant requirements
 specified in Section 079200 "Joint Sealants."
 3.2 CONNECTIONS
 A. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent
 piping. Use size fittings required to match fixtures.
 B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping."
 C. Comply with traps and soil and waste piping requirements specified in Section 221316
 "Sanitary Waste and Vent Piping."
 3.3 ADJUSTING
 A. Operate and adjust showers and controls. Replace damaged and malfunctioning showers,
 fittings, and controls.
 B. Adjust water pressure at faucets to produce proper flow.
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 3.4 CLEANING AND PROTECTION
 A. After completing installation of showers, inspect and repair damaged finishes.
 B. Clean showers, faucets, and other fittings with manufacturers' recommended cleaning methods
 and materials.
 C. Provide protective covering for installed fixtures and fittings.
 D. Do not allow use of showers for temporary facilities unless approved in writing by Owner.
 END OF SECTION 224223
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 SECTION 224716
 PRESSURE WATER COOLERS
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section includes pressure water coolers and related components.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of pressure water cooler.
 B. Shop Drawings: Include diagrams for power, signal, and control wiring.
 1.3 CLOSEOUT SUBMITTALS
 A. Maintenance Data: For pressure water coolers to include in maintenance manuals.
 1.4 MAINTENANCE MATERIAL SUBMITTALS
 A. Furnish extra materials that match products installed and that are packaged with protective
 covering for storage and identified with labels describing contents.
 1. Filter Cartridges: Equal to 10 percent of quantity installed for each type and size
 indicated, but no fewer than 1 of each.
 PART 2 - PRODUCTS
 2.1 PRESSURE WATER COOLERS
 A. See schedule on drawings for information.
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine roughing-in for water-supply and sanitary drainage and vent piping systems to verify
 actual locations of piping connections before fixture installation.
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 B. Examine walls and floors for suitable conditions where fixtures will be installed.
 C. Proceed with installation only after unsatisfactory conditions have been corrected.
 3.2 INSTALLATION
 A. Install fixtures level and plumb according to roughing-in drawings. For fixtures indicated for
 children, install at height required by authorities having jurisdiction.
 B. Set freestanding pressure water coolers on floor.
 C. Install off-the-floor carrier supports, affixed to building substrate, for wall-mounted fixtures.
 D. Install water-supply piping with shutoff valve on supply to each fixture to be connected to
 domestic-water distribution piping. Use ball or gate valve. Install valves in locations where they
 can be easily reached for operation. Valves are specified in Section 220523.12 "Ball Valves for
 Plumbing Piping" and Section 220523.15 "Gate Valves for Plumbing Piping."
 E. Install trap and waste piping on drain outlet of each fixture to be connected to sanitary drainage
 system.
 F. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations.
 Use deep-pattern escutcheons where required to conceal protruding fittings. Comply with
 escutcheon requirements specified in Section 220518 "Escutcheons for Plumbing Piping."
 G. Seal joints between fixtures and walls using sanitary-type, one-part, mildew-resistant, silicone
 sealant. Match sealant color to fixture color. Comply with sealant requirements specified in
 Section 079200 "Joint Sealants."
 3.3 CONNECTIONS
 A. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent
 piping. Use size fittings required to match fixtures.
 B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping."
 C. Install ball or gate shutoff valve on water supply to each fixture. Install valve upstream from
 filter for water cooler. Comply with valve requirements specified in Section 220523.12 "Ball
 Valves for Plumbing Piping" and Section 220523.15 "Gate Valves for Plumbing Piping."
 D. Comply with soil and waste piping requirements specified in Section 221316 "Sanitary Waste
 and Vent Piping."
 3.4 ADJUSTING
 A. Adjust fixture flow regulators for proper flow and stream height.
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 B. Adjust pressure water-cooler temperature settings.
 3.5 CLEANING
 A. After installing fixture, inspect unit. Remove paint splatters and other spots, dirt, and debris.
 Repair damaged finish to match original finish.
 B. Clean fixtures, on completion of installation, according to manufacturer's written instructions.
 C. Provide protective covering for installed fixtures.
 D. Do not allow use of fixtures for temporary facilities unless approved in writing by Owner.
 END OF SECTION 224716
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 SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section includes general requirements for single-phase and polyphase, general-purpose, horizontal, small and medium, squirrel-cage induction motors for use on ac power systems up to 600 V and installed at equipment manufacturer's factory or shipped separately by equipment manufacturer for field installation.
 1.2 COORDINATION
 A. Coordinate features of motors, installed units, and accessory devices to be compatible with the following:1. Motor controllers.2. Torque, speed, and horsepower requirements of the load.3. Ratings and characteristics of supply circuit and required control sequence.4. Ambient and environmental conditions of installation location.
 PART 2 - PRODUCTS
 2.1 GENERAL MOTOR REQUIREMENTS
 A. Comply with NEMA MG 1 unless otherwise indicated.
 2.2 MOTOR CHARACTERISTICS
 A. Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet (1000 m) above sea level.
 B. Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate connected loads at designated speeds, at installed altitude and environment, with indicated operating sequence, and without exceeding nameplate ratings or considering service factor.
 2.3 POLYPHASE MOTORS
 A. Description: NEMA MG 1, Design B, medium induction motor.
 B. Efficiency: Energy efficient, as defined in NEMA MG 1.
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 C. Service Factor: 1.15.
 D. Multispeed Motors: Variable torque.1. For motors with 2:1 speed ratio, consequent pole, single winding.2. For motors with other than 2:1 speed ratio, separate winding for each speed.
 E. Rotor: Random-wound, squirrel cage.
 F. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.
 G. Temperature Rise: Match insulation rating.
 H. Insulation: Class F.
 I. Code Letter Designation:1. Motors 15 HP and Larger: NEMA starting Code F or Code G.2. Motors Smaller than 15 HP: Manufacturer's standard starting characteristic.
 J. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for motor frame sizes smaller than 324T.
 2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS
 A. Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring connection requirements for controller with required motor leads. Provide terminals in motor terminal box, suited to control method.
 B. Motors Used with Variable Frequency Controllers: Ratings, characteristics, and features coordinated with and approved by controller manufacturer.1. Windings: Copper magnet wire with moisture-resistant insulation varnish, designed and
 tested to resist transient spikes, high frequencies, and short time rise pulses produced by pulse-width modulated inverters.
 2. Energy- and Premium-Efficient Motors: Class B temperature rise; Class F insulation.3. Inverter-Duty Motors: Class F temperature rise; Class H insulation.4. Thermal Protection: Comply with NEMA MG 1 requirements for thermally protected
 motors.
 2.5 SINGLE-PHASE MOTORS
 A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and requirements of specific motor application:1. Permanent-split capacitor.2. Split phase.3. Capacitor start, inductor run.4. Capacitor start, capacitor run.
 B. Multispeed Motors: Variable-torque, permanent-split-capacitor type.

Page 133
						

RICHMOND POLICE EQUESTRIAN CENTERCITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 230513 - 3
 C. Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and thrust loading.
 D. Motors 1/20 HP and Smaller: Shaded-pole type.
 E. Thermal Protection: Internal protection to automatically open power supply circuit to motor when winding temperature exceeds a safe value calibrated to temperature rating of motor insulation. Thermal-protection device shall automatically reset when motor temperature returns to normal range.
 PART 3 - EXECUTION (Not Applicable)
 END OF SECTION
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 SECTION 230516 - EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Alignment guides and anchors.2. Pipe loops and swing connections.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 B. Delegated-Design Submittal: For each anchor and alignment guide, including analysis data, signed and sealed by the qualified professional engineer responsible for their preparation.1. Design Calculations: Calculate requirements for thermal expansion of piping systems and
 for selecting and designing expansion joints, loops, and swing connections.2. Anchor Details: Detail fabrication of each anchor indicated. Show dimensions and
 methods of assembly and attachment to building structure.3. Alignment Guide Details: Detail field assembly and attachment to building structure.4. Schedule: Indicate type, manufacturer's number, size, material, pressure rating, end
 connections, and location for each expansion joint.
 1.3 INFORMATIONAL SUBMITTALS
 A. Welding certificates.
 1.4 CLOSEOUT SUBMITTALS
 A. Maintenance data.
 1.5 QUALITY ASSURANCE
 A. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
 B. Pipe and Pressure-Vessel Welding Qualifications: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.
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 PART 2 - PRODUCTS
 2.1 PERFORMANCE REQUIREMENTS
 A. Compatibility: Products shall be suitable for piping service fluids, materials, working pressures, and temperatures.
 B. Capability: Products to absorb 200 percent of maximum axial movement between anchors.
 2.2 ALIGNMENT GUIDES AND ANCHORS
 A. Alignment Guides:1. Description: Steel, factory-fabricated alignment guide, with bolted two-section outer
 cylinder and base for attaching to structure; with two-section guiding slider for bolting to pipe.
 B. Anchor Materials:1. Steel Shapes and Plates: ASTM A 36/A 36M.2. Bolts and Nuts: ASME B18.10 or ASTM A 183, steel hex head.3. Washers: ASTM F 844, steel, plain, flat washers.4. Mechanical Fasteners: Insert-wedge-type stud with expansion plug anchor for use in
 hardened portland cement concrete, with tension and shear capacities appropriate for application.a. Stud: Threaded, zinc-coated carbon steel.b. Expansion Plug: Zinc-coated steel.c. Washer and Nut: Zinc-coated steel.
 5. Chemical Fasteners: Insert-type stud, bonding-system anchor for use with hardened portland cement concrete, with tension and shear capacities appropriate for application.a. Bonding Material: ASTM C 881/C 881M, Type IV, Grade 3, two-component
 epoxy resin suitable for surface temperature of hardened concrete where fastener is to be installed.
 b. Stud: ASTM A 307, zinc-coated carbon steel with continuous thread on stud, unless otherwise indicated.
 c. Washer and Nut: Zinc-coated steel.
 PART 3 - EXECUTION
 3.1 PIPE LOOP AND SWING CONNECTION INSTALLATION
 A. Install pipe loops cold-sprung in tension or compression as required to partly absorb tension or compression produced during anticipated change in temperature.
 B. Connect risers and branch connections to mains with at least five pipe fittings, including tee in main.
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 C. Connect risers and branch connections to terminal units with at least four pipe fittings, including tee in riser.
 D. Connect mains and branch connections to terminal units with at least four pipe fittings, including tee in main.
 3.2 ALIGNMENT-GUIDE AND ANCHOR INSTALLATION
 A. Install alignment guides to guide expansion and to avoid end-loading and torsional stress.
 B. Install one guide(s) on each side of pipe expansion fittings and loops. Install guides nearest to expansion joint not more than four pipe diameters from expansion joint.
 C. Attach guides to pipe, and secure guides to building structure.
 D. Install anchors at locations to prevent stresses from exceeding those permitted by ASME B31.9 and to prevent transfer of loading and stresses to connected equipment.
 E. Anchor Attachments:1. Anchor Attachment to Steel Pipe: Attach by welding. Comply with ASME B31.9 and
 ASME Boiler and Pressure Vessel Code: Section IX, "Welding and Brazing Qualifications."
 2. Anchor Attachment to Copper Tubing: Attach with pipe hangers. Use MSS SP-69, Type 24; U bolts bolted to anchor.
 F. Fabricate and install steel anchors by welding steel shapes, plates, and bars. Comply with ASME B31.9 and AWS D1.1/D1.1M.1. Anchor Attachment to Steel Structural Members: Attach by welding.2. Anchor Attachment to Concrete Structural Members: Attach by fasteners. Follow
 fastener manufacturer's written instructions.
 G. Use grout to form flat bearing surfaces for guides and anchors attached to concrete.
 END OF SECTION
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 SECTION 230517 - SLEEVES AND SLEEVE SEALS FOR HVAC PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Sleeves.2. Sleeve-seal systems.3. Grout.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 PART 2 - PRODUCTS
 2.1 SLEEVES
 A. Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and welded steel collar; zinc coated.
 B. Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, with plain ends.
 2.2 SLEEVE-SEAL SYSTEMS
 A. Description: Modular sealing-element unit, designed for field assembly, for filling annular space between piping and sleeve.1. Sealing Elements: EPDM-rubber interlocking links shaped to fit surface of pipe. Include
 type and number required for pipe material and size of pipe.2. Pressure Plates: Stainless steel.3. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to
 sealing elements.
 2.3 GROUT
 A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
 B. Characteristics: Nonshrink; recommended for interior and exterior applications.
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 C. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.
 D. Packaging: Premixed and factory packaged.
 PART 3 - EXECUTION
 3.1 SLEEVE INSTALLATION
 A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
 B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to provide 1-inch (25-mm) annular clear space between piping and concrete slabs and walls.1. Sleeves are not required for core-drilled holes.
 C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls are constructed.1. Cut sleeves to length for mounting flush with both surfaces.
 a. Exception: Extend sleeves installed in floors of mechanical equipment areas or other wet areas 2 inches (50 mm) above finished floor level.
 2. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-seal system.
 D. Install sleeves for pipes passing through interior partitions.1. Cut sleeves to length for mounting flush with both surfaces.2. Install sleeves that are large enough to provide 1/4-inch (6.4-mm) annular clear space
 between sleeve and pipe or pipe insulation.3. Seal annular space between sleeve and piping or piping insulation; use joint sealants
 appropriate for size, depth, and location of joint. Comply with requirements for sealants specified in Section 079200 "Joint Sealants."
 E. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with requirements for firestopping specified in Section 078413 "Penetration Firestopping."
 3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
 A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service piping entries into building.
 B. Select type, size, and number of sealing elements required for piping material and size and for sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration, assemble sleeve-seal system components, and install in annular space between piping and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make a watertight seal.
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 3.3 SLEEVE AND SLEEVE-SEAL SCHEDULE
 A. Use sleeves and sleeve seals for the following piping-penetration applications:1. Exterior Concrete Walls above Grade:
 a. Piping Smaller Than NPS 6 (DN 150): Galvanized-steel-pipe sleeves.2. Exterior Concrete Walls below Grade:
 a. Piping Smaller Than NPS 6 (DN 150): Galvanized-steel-pipe sleeves with sleeve-seal system.1) Select sleeve size to allow for 1-inch (25-mm) annular clear space between
 piping and sleeve for installing sleeve-seal system.3. Concrete Slabs-on-Grade:
 a. Piping Smaller Than NPS 6 (DN 150): Galvanized-steel-pipe sleeves with sleeve-seal system.1) Select sleeve size to allow for 1-inch (25-mm) annular clear space between
 piping and sleeve for installing sleeve-seal system.4. Concrete Slabs above Grade:
 a. Piping Smaller Than NPS 6 (DN 150): Galvanized-steel-pipe sleeves.5. Interior Partitions:
 a. Piping Smaller Than NPS 6 (DN 150): Galvanized-steel-pipe sleeves.
 END OF SECTION
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 SECTION 230518 - ESCUTCHEONS FOR HVAC PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Escutcheons.2. Floor plates.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 PART 2 - PRODUCTS
 2.1 ESCUTCHEONS
 A. One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew fastener.
 B. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with chrome-plated finish and spring-clip fasteners.
 C. One-Piece, Stamped-Steel Type: With chrome-plated finish and spring-clip fasteners.
 2.2 FLOOR PLATES
 A. One-Piece Floor Plates: Cast-iron flange with holes for fasteners.
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.
 B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with OD that completely covers opening.1. Escutcheons for New Piping:
 a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep-pattern type.b. Chrome-Plated Piping: One-piece, cast-brass type with polished, chrome-plated
 finish.c. Insulated Piping: One-piece, stamped-steel type.
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 d. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece, cast-brass type with polished, chrome-plated finish.
 e. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece, stamped-steel type.
 f. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece, cast-brass type with polished, chrome-plated finish.
 g. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece, stamped-steel type.
 h. Bare Piping in Unfinished Service Spaces: One-piece, cast-brass type with polished, chrome-plated finish.
 i. Bare Piping in Unfinished Service Spaces: One-piece, stamped-steel type.j. Bare Piping in Equipment Rooms: One-piece, cast-brass type with polished,
 chrome-plated finish.k. Bare Piping in Equipment Rooms: One-piece, stamped-steel type.
 C. Install floor plates for piping penetrations of equipment-room floors.
 D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and with OD that completely covers opening.1. New Piping: One-piece, floor-plate type.
 3.2 FIELD QUALITY CONTROL
 A. Replace broken and damaged escutcheons and floor plates using new materials.
 END OF SECTION
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 SECTION 230519 - METERS AND GAGES FOR HVAC PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Bimetallic-actuated thermometers.2. Thermowells.3. Dial-type pressure gages.4. Gage attachments.5. Turbine flowmeters.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 B. Wiring Diagrams: For power, signal, and control wiring.
 1.3 INFORMATIONAL SUBMITTALS
 A. Product certificates.
 1.4 CLOSEOUT SUBMITTALS
 A. Operation and maintenance data.
 PART 2 - PRODUCTS
 2.1 BIMETALLIC-ACTUATED THERMOMETERS
 A. Standard: ASME B40.200.
 B. Case: sealed type(s); stainless steel with 5-inch (127-mm) nominal diameter.
 C. Dial: Nonreflective aluminum with permanently etched scale markings and scales in deg F (deg C).
 D. Connector Type(s): Union joint, adjustable angle, with unified-inch screw threads.
 E. Connector Size: 1/2 inch (13 mm), with ASME B1.1 screw threads.
 F. Stem: 0.25 or 0.375 inch (6.4 or 9.4 mm) in diameter; stainless steel.
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 G. Window: Plain glass.
 H. Ring: Stainless steel.
 I. Element: Bimetal coil.
 J. Pointer: Dark-colored metal.
 K. Accuracy: Plus or minus 1 percent of scale range.
 2.2 DUCT-THERMOMETER MOUNTING BRACKETS
 A. Description: Flanged bracket with screw holes, for attachment to air duct and made to hold thermometer stem.
 2.3 THERMOWELLS
 A. Thermowells:1. Standard: ASME B40.200.2. Description: Pressure-tight, socket-type fitting made for insertion into piping tee fitting.3. Material for Use with Copper Tubing: CNR or CUNI.4. Material for Use with Steel Piping: CRES.5. Type: Stepped shank unless straight or tapered shank is indicated.6. External Threads: NPS 1/2, NPS 3/4, or NPS 1, (DN 15, DN 20, or NPS 25,)
 ASME B1.20.1 pipe threads.7. Internal Threads: 1/2, 3/4, and 1 inch (13, 19, and 25 mm), with ASME B1.1 screw
 threads.8. Bore: Diameter required to match thermometer bulb or stem.9. Insertion Length: Length required to match thermometer bulb or stem.10. Lagging Extension: Include on thermowells for insulated piping and tubing.11. Bushings: For converting size of thermowell's internal screw thread to size of
 thermometer connection.
 B. Heat-Transfer Medium: Mixture of graphite and glycerin.
 2.4 PRESSURE GAGES
 A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:1. Standard: ASME B40.100.2. Case: Sealed type(s); cast aluminum or drawn steel; 6-inch (152-mm) nominal diameter.3. Pressure-Element Assembly: Bourdon tube unless otherwise indicated.4. Pressure Connection: Brass, with NPS 1/2 (DN 15), ASME B1.20.1 pipe threads and
 bottom-outlet type unless back-outlet type is indicated.5. Movement: Mechanical, with link to pressure element and connection to pointer.6. Dial: Nonreflective aluminum with permanently etched scale markings graduated in psi
 (kPa).7. Pointer: Dark-colored metal.

Page 144
						

RICHMOND POLICE EQUESTRIAN CENTERCITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 METERS AND GAGES FOR HVAC PIPING 230519 - 3
 8. Window: Glass.9. Ring: Stainless steel.10. Accuracy: Grade A, plus or minus 1 percent of middle half of scale range.
 2.5 GAGE ATTACHMENTS
 A. Snubbers: ASME B40.100, brass; with NPS 1/2 (DN 15), ASME B1.20.1 pipe threads and piston-type surge-dampening device. Include extension for use on insulated piping.
 B. Siphons: Loop-shaped section of stainless-steel pipe with NPS 1/2 (DN 15) pipe threads.
 C. Valves: Brass or stainless-steel needle, with NPS 1/2 (DN 15), ASME B1.20.1 pipe threads.
 2.6 FLOWMETERS
 A. Turbine Flowmeters:1. Description: Flowmeter with sensor and indicator.2. Flow Range: Sensor and indicator shall cover operating range of equipment or system
 served.3. Sensor: Impeller turbine; for inserting into pipe fitting or for installing in piping and
 measuring flow directly in gallons per minute (liters per second).a. Design: Device or pipe fitting with inline turbine and integral direct-reading scale
 for steam or water.b. Construction: Bronze or stainless-steel body, with plastic turbine or impeller.c. Minimum Pressure Rating: 250 psig (1035 kPa).d. Minimum Temperature Rating: 300 deg F.
 4. Indicator: Hand-held meter; either an integral part of sensor or a separate meter.5. Accuracy: Plus or minus 1-1/2 percent.6. Display: Shows rate of flow.7. Operating Instructions: Include complete instructions with each flowmeter.
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Install thermowells with socket extending to center of pipe and in vertical position in piping tees.
 B. Install thermowells of sizes required to match thermometer connectors. Include bushings if required to match sizes.
 C. Install thermowells with extension on insulated piping.
 D. Fill thermowells with heat-transfer medium.
 E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.
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 F. Install duct-thermometer mounting brackets in walls of ducts. Attach to duct with screws.
 G. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at the most readable position.
 H. Install valve and snubber in piping for each pressure gage for fluids (except steam).
 I. Install valve and syphon fitting in piping for each pressure gage for steam.
 J. Install flow indicators in piping systems in accessible positions for easy viewing.
 K. Assemble and install connections, tubing, and accessories between flow-measuring elements and flowmeters according to manufacturer's written instructions.
 L. Install flowmeter elements in accessible positions in piping systems.
 M. Install differential-pressure-type flowmeter elements, with at least minimum straight lengths of pipe, upstream and downstream from element according to manufacturer's written instructions.
 N. Install permanent indicators on walls or brackets in accessible and readable positions.
 O. Install connection fittings in accessible locations for attachment to portable indicators.
 P. Mount thermal-energy meters on wall if accessible; if not, provide brackets to support meters.
 Q. Install thermometers in the following locations:1. Inlet and outlet of each hydronic zone.2. Two inlets and two outlets of each chiller.3. Inlet and outlet of each hydronic coil in air-handling units.4. Two inlets and two outlets of each hydronic heat exchanger.5. Inlet and outlet of each thermal-storage tank.6. Outside-, return-, supply-, and mixed-air ducts.
 R. Install pressure gages in the following locations:1. Discharge of each pressure-reducing valve.2. Inlet and outlet of each chiller chilled-water connection.3. Suction and discharge of each pump.4. Two inlets and two outlets of each hydronic heat exchanger.
 3.2 CONNECTIONS
 A. Install meters and gages adjacent to machines and equipment to allow service and maintenance of meters, gages, machines, and equipment.
 B. Connect flowmeter-system elements to meters.
 C. Connect flowmeter transmitters to meters.
 D. Connect thermal-energy meter transmitters to meters.
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 3.3 ADJUSTING
 A. After installation, calibrate meters according to manufacturer's written instructions.
 B. Adjust faces of meters and gages to proper angle for best visibility.
 3.4 THERMOMETER SCHEDULE
 A. Thermometers at inlet and outlet of each hydronic zone shall be the following:1. Sealed, bimetallic-actuated type.
 B. Thermometers at inlets and outlets of each chiller shall be the following:1. Sealed, bimetallic-actuated type.
 C. Thermometers at inlet and outlet of each hydronic coil in air-handling units and built-up central systems shall be the following:1. Sealed, bimetallic-actuated type.
 D. Thermometers at inlets and outlets of each hydronic heat exchanger shall be the following:1. Sealed, bimetallic-actuated type.
 E. Thermometers at inlet and outlet of each thermal-storage tank shall be the following:1. Sealed, bimetallic-actuated type.
 F. Thermometers at outside-, return-, supply-, and mixed-air ducts shall be the following:1. Sealed, bimetallic-actuated type.
 G. Thermometer stems shall be of length to match thermowell insertion length.
 3.5 THERMOMETER SCALE-RANGE SCHEDULE
 A. Scale Range for Chilled-Water Piping: 0 to 100 deg F (Minus 20 to plus 50 deg C).
 B. Scale Range for Heating, Hot-Water Piping: 20 to 240 deg F (0 to 150 deg C).
 C. Scale Range for Dual-temp water Piping: 0 to 240 deg F.
 D. Scale Range for Steam and Steam-Condensate Piping: 20 to 240 deg F (0 to 150 deg C).
 E. Scale Range for Air Ducts: 0 to 100 deg F (Minus 20 to plus 50 deg C).
 3.6 PRESSURE-GAGE SCHEDULE
 A. Pressure gages at discharge of each pressure-reducing valve shall be the following:1. Sealed, direct-mounted, metal case.
 B. Pressure gages at inlet and outlet of each chiller chilled-water connection shall be the following:
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 1. Sealed, direct-mounted, metal case.
 C. Pressure gages at suction and discharge of each pump shall be the following:1. Sealed, direct-mounted, metal case.
 3.7 PRESSURE-GAGE SCALE-RANGE SCHEDULE
 A. Scale Range for Chilled-Water Piping: 0 to 160 psi (0 to 1100 kPa).
 B. Scale Range for Heating, Hot-Water Piping: 0 to 160 psi (0 to 1100 kPa).
 C. Scale Range for Dual – temp Water Piping: 0 to 160 psi (0 to 1100 kPa).
 D. Scale Range for Steam Piping: 0 to 160 psi (0 to 1100 kPa).
 3.8 FLOWMETER SCHEDULE
 A. Flowmeters for Chilled-Water Piping: Turbine type.
 B. Flowmeters for Heating, Hot-Water Piping: Turbine type.
 C. Flowmeters for Steam and Steam-Condensate Piping: Turbine type.
 END OF SECTION
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 SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Metal pipe hangers and supports.2. Thermal-hanger shield inserts.3. Fastener systems.4. Equipment supports.
 1.2 PERFORMANCE REQUIREMENTS
 A. Delegated Design: Design trapeze pipe hangers and equipment supports, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
 B. Structural Performance: Hangers and supports for HVAC piping and equipment shall withstand the effects of gravity loads and stresses within limits and under conditions indicated according to ASCE/SEI 7.1. Design supports for multiple pipes capable of supporting combined weight of supported
 systems, system contents, and test water.2. Design equipment supports capable of supporting combined operating weight of
 supported equipment and connected systems and components.
 1.3 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and installation details and include calculations for the following; include Product Data for components:1. Equipment supports.
 C. Delegated-Design Submittal: For trapeze hangers indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.
 1.4 INFORMATIONAL SUBMITTALS
 A. Welding certificates.
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 1.5 QUALITY ASSURANCE
 A. Structural Steel Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
 B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.
 PART 2 - PRODUCTS
 2.1 METAL PIPE HANGERS AND SUPPORTS
 A. Carbon-Steel Pipe Hangers and Supports:1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.2. Galvanized Metallic Coatings: Pregalvanized or hot dipped.3. Nonmetallic Coatings: Plastic coating, jacket, or liner.4. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to
 support bearing surface of piping.5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.
 B. Copper Pipe Hangers:1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated
 components.2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated steel.
 2.2 THERMAL-HANGER SHIELD INSERTS
 A. Insulation-Insert Material for Cold Piping: ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig (862-kPa) minimum compressive strength and vapor barrier.
 B. Insulation-Insert Material for Hot Piping: ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig (862-kPa) minimum compressive strength.
 C. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe.
 D. For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.
 E. Insert Length: Extend 2 inches (50 mm) beyond sheet metal shield for piping operating below ambient air temperature.
 2.3 FASTENER SYSTEMS
 A. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement concrete with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
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 B. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel anchors, for use in hardened portland cement concrete; with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
 2.4 EQUIPMENT SUPPORTS
 A. Description: Welded, shop- or field-fabricated equipment support made from structural carbon-steel shapes.
 2.5 MISCELLANEOUS MATERIALS
 A. Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and galvanized.
 B. Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and nonmetallic grout; suitable for interior and exterior applications.1. Properties: Nonstaining, noncorrosive, and nongaseous.2. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.
 PART 3 - EXECUTION
 3.1 HANGER AND SUPPORT INSTALLATION
 A. Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install hangers, supports, clamps, and attachments as required to properly support piping from the building structure.
 B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Arrange for grouping of parallel runs of horizontal piping, and support together on field-fabricated trapeze pipe hangers.1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe size or
 install intermediate supports for smaller diameter pipes as specified for individual pipe hangers.
 2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads being supported. Weld steel according to AWS D1.1/D1.1M.
 C. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.
 D. Fastener System Installation:1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less
 than 4 inches (100 mm) thick in concrete after concrete is placed and completely cured. Use operators that are licensed by powder-actuated tool manufacturer. Install fasteners according to powder-actuated tool manufacturer's operating manual.
 2. Install mechanical-expansion anchors in concrete after concrete is placed and completely cured. Install fasteners according to manufacturer's written instructions.
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 E. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, washers, and other accessories.
 F. Equipment Support Installation: Fabricate from welded-structural-steel shapes.
 G. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.
 H. Install lateral bracing with pipe hangers and supports to prevent swaying.
 I. Install building attachments within concrete slabs or attach to structural steel. Install additional attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 (DN 65) and larger and at changes in direction of piping. Install concrete inserts before concrete is placed; fasten inserts to forms and install reinforcing bars through openings at top of inserts.
 J. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
 K. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.
 L. Insulated Piping:1. Attach clamps and spacers to piping.
 a. Piping Operating above Ambient Air Temperature: Clamp may project through insulation.
 b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield insert with clamp sized to match OD of insert.
 c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services piping.
 2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is indicated. Fill interior voids with insulation that matches adjoining insulation.a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
 distribution plate for pipe NPS 4 (DN 100) and larger if pipe is installed on rollers.3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. Shields
 shall span an arc of 180 degrees.a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
 distribution plate for pipe NPS 4 (DN 100) and larger if pipe is installed on rollers.4. Shield Dimensions for Pipe: Not less than the following:
 a. NPS 1/4 to NPS 3-1/2 (DN 8 to DN 90): 12 inches (305 mm) long and 0.048 inch (1.22 mm) thick.
 b. NPS 4 (DN 100): 12 inches (305 mm) long and 0.06 inch (1.52 mm) thick.c. NPS 5 and NPS 6 (DN 125 and DN 150): 18 inches (457 mm) long and 0.06 inch
 (1.52 mm) thick.d. NPS 8 to NPS 14 (DN 200 to DN 350): 24 inches (610 mm) long and 0.075 inch
 (1.91 mm) thick.5. Pipes NPS 8 (DN 200) and Larger: Include wood or reinforced calcium-silicate-
 insulation inserts of length at least as long as protective shield.6. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.
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 3.2 EQUIPMENT SUPPORTS
 A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support equipment above floor.
 B. Grouting: Place grout under supports for equipment and make bearing surface smooth.
 C. Provide lateral bracing, to prevent swaying, for equipment supports.
 3.3 METAL FABRICATIONS
 A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment supports.
 B. Fit exposed connections together to form hairline joints. Field weld connections that cannot be shop welded because of shipping size limitations.
 C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; appearance and quality of welds; and methods used in correcting welding work; and with the following:1. Use materials and methods that minimize distortion and develop strength and corrosion
 resistance of base metals.2. Obtain fusion without undercut or overlap.3. Remove welding flux immediately.4. Finish welds at exposed connections so no roughness shows after finishing and so
 contours of welded surfaces match adjacent contours.
 3.4 ADJUSTING
 A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.
 B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches (40 mm).
 3.5 PAINTING
 A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately after erecting hangers and supports. Use same materials as used for shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted surfaces.1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils (0.05
 mm).
 B. Touchup: Cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal are specified in Section 099113 "Exterior Painting"
 C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.
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 3.6 HANGER AND SUPPORT SCHEDULE
 A. Specific hanger and support requirements are in Sections specifying piping systems and equipment.
 B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in piping system Sections.
 C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will not have field-applied finish.
 D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct contact with copper tubing.
 E. Use carbon-steel pipe hangers and supports and metal trapeze pipe hangers and attachments for general service applications.
 F. Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
 G. Use padded hangers for piping that is subject to scratching.
 H. Use thermal-hanger shield inserts for insulated piping and tubing.
 I. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in piping system Sections, install the following types:1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or
 insulated, stationary pipes NPS 1/2 to NPS 30 (DN 15 to DN 750).2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F (566 deg C),
 pipes NPS 4 to NPS 24 (DN 100 to DN 600), requiring up to 4 inches (100 mm) of insulation.
 3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension of pipes NPS 3/4 to NPS 36 (DN 20 to DN 900), requiring clamp flexibility and up to 4 inches (100 mm) of insulation.
 4. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated, stationary pipes NPS 1/2 to NPS 8 (DN 15 to DN 200).
 5. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30 (DN 15 to DN 750).
 6. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36 (DN 100 to DN 900), with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate.
 7. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36 (DN 100 to DN 900), with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and with U-bolt to retain pipe.
 8. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30 (DN 25 to DN 750), from two rods if longitudinal movement caused by expansion and contraction might occur.
 9. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 (DN 50 to DN 1050) if longitudinal movement caused by expansion and contraction might occur but vertical adjustment is not necessary.
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 J. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system Sections, install the following types:1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to
 NPS 24 (DN 24 to DN 600).2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4
 to NPS 24 (DN 20 to DN 600) if longer ends are required for riser clamps.
 K. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches (150 mm) for heavy
 loads.2. Steel Clevises (MSS Type 14): For 120 to 450 deg F (49 to 232 deg C) piping
 installations.
 L. Building Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend
 pipe hangers from concrete ceiling.2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-joist
 construction, to attach to top flange of structural shape.3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of beams,
 channels, or angles.4. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of beams.5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if loads are
 considerable and rod sizes are large.6. C-Clamps (MSS Type 23): For structural shapes.7. Welded-Steel Brackets: For support of pipes from below, or for suspending from above
 by using clip and rod. Use one of the following for indicated loads:a. Light (MSS Type 31): 750 lb (340 kg).b. Medium (MSS Type 32): 1500 lb (680 kg).c. Heavy (MSS Type 33): 3000 lb (1360 kg).
 8. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.9. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is required.
 M. Saddles and Shields: Unless otherwise indicated and except as specified in piping system Sections, install the following types:1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with
 insulation that matches adjoining insulation.2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer
 to prevent crushing insulation.3. Thermal-Hanger Shield Inserts: For supporting insulated pipe.
 N. Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping system Sections, install the following types:1. Spring Cushions (MSS Type 48): For light loads if vertical movement does not exceed 1-
 1/4 inches (32 mm).2. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41, roll hanger with
 springs.
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 3. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load and limit variability factor to 25 percent to allow expansion and contraction of piping system from base support.
 O. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not specified in piping system Sections.
 P. Use powder-actuated fasteners or mechanical-expansion anchors instead of building attachments where required in concrete construction.
 END OF SECTION
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 SECTION 230548.13 - VIBRATION CONTROLS FOR HVAC
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Elastomeric isolation pads.2. Elastomeric isolation mounts.3. Restrained elastomeric isolation mounts.4. Open-spring isolators.5. Restrained-spring isolators.6. Pipe-riser resilient supports.7. Resilient pipe guides.8. Elastomeric hangers.9. Spring hangers.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 B. Delegated-Design Submittal: For each vibration isolation device.1. Include design calculations for selecting vibration isolators.
 PART 2 - PRODUCTS
 2.1 ELASTOMERIC ISOLATION PADS
 A. Elastomeric Isolation Pads: .1. Fabrication: Single or multiple layers of sufficient durometer stiffness for uniform
 loading over pad area.2. Size: Factory or field cut to match requirements of supported equipment.3. Pad Material: Oil and water resistant with elastomeric properties.4. Surface Pattern: Waffle pattern.5. Infused nonwoven cotton or synthetic fibers.6. Load-bearing metal plates adhered to pads.
 2.2 ELASTOMERIC ISOLATION MOUNTS
 A. Double-Deflection, Elastomeric Isolation Mounts: .1. Mounting Plates:
 a. Top Plate: Encapsulated steel load transfer top plates, factory drilled and threaded with threaded studs or bolts.
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 b. Baseplate: Encapsulated steel bottom plates with holes provided for anchoring to support structure.
 2. Elastomeric Material: Molded, oil-resistant rubber, neoprene, or other elastomeric material.
 2.3 RESTRAINED ELASTOMERIC ISOLATION MOUNTS
 A. Restrained Elastomeric Isolation Mounts: .1. Description: All-directional isolator with restraints containing two separate and opposing
 elastomeric elements that prevent central threaded element and attachment hardware from contacting the housing during normal operation.a. Housing: Cast-ductile iron or welded steel.b. Elastomeric Material: Molded, oil-resistant rubber, neoprene, or other elastomeric
 material.
 2.4 OPEN-SPRING ISOLATORS
 A. Freestanding, Laterally Stable, Open-Spring Isolators: <Insert drawing designation>.
 B. Manufacture: Mason Industries SLF.1. Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring
 at rated load.2. Minimum Additional Travel: 50 percent of the required deflection at rated load.3. Lateral Stiffness: More than 80 percent of rated vertical stiffness.4. Overload Capacity: Support 200 percent of rated load, fully compressed, without
 deformation or failure.5. Baseplates: Factory-drilled steel plate for bolting to structure with an elastomeric isolator
 pad attached to the underside. Baseplates shall limit floor load to 500 psig (3447 kPa).6. Top Plate and Adjustment Bolt: Threaded top plate with adjustment bolt and cap screw to
 fasten and level equipment.
 2.5 RESTRAINED-SPRING ISOLATORS
 A. Freestanding, Laterally Stable, Open-Spring Isolators with Vertical-Limit Stop Restraint: .1. Housing: Steel housing with vertical-limit stops to prevent spring extension due to weight
 being removed.a. Base with holes for bolting to structure with an elastomeric isolator pad attached to
 the underside. Bases shall limit floor load to 500 psig (3447 kPa).b. Top plate with threaded mounting holes.c. Internal leveling bolt that acts as blocking during installation.
 2. Restraint: Limit stop as required for equipment and authorities having jurisdiction.3. Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring
 at rated load.4. Minimum Additional Travel: 50 percent of the required deflection at rated load.5. Lateral Stiffness: More than 80 percent of rated vertical stiffness.6. Overload Capacity: Support 200 percent of rated load, fully compressed, without
 deformation or failure.
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 2.6 PIPE-RISER RESILIENT SUPPORT
 A. Description: All-directional, acoustical pipe anchor consisting of two steel tubes separated by a minimum 1/2-inch- (13-mm-) thick neoprene.1. Vertical-Limit Stops: Steel and neoprene vertical-limit stops arranged to prevent vertical
 travel in both directions.2. Maximum Load Per Support: 500 psig (3.45 MPa)on isolation material providing equal
 isolation in all directions.
 2.7 RESILIENT PIPE GUIDES
 A. Description: Telescopic arrangement of two steel tubes or post and sleeve arrangement separated by a minimum 1/2-inch- (13-mm-) thick neoprene.1. Factory-Set Height Guide with Shear Pin: Shear pin shall be removable and reinsertable
 to allow for selection of pipe movement. Guides shall be capable of motion to meet location requirements.
 2.8 ELASTOMERIC HANGERS
 A. Elastomeric Mount in a Steel Frame with Upper and Lower Steel Hanger Rods: .1. Frame: Steel, fabricated with a connection for an upper threaded hanger rod and an
 opening on the underside to allow for a maximum of 30 degrees of angular lower hanger-rod misalignment without binding or reducing isolation efficiency.
 2. Dampening Element: Molded, oil-resistant rubber, neoprene, or other elastomeric material with a projecting bushing for the underside opening preventing steel to steel contact.
 2.9 SPRING HANGERS
 A. Combination Coil-Spring and Elastomeric-Insert Hanger with Spring and Insert in Compression: .1. Frame: Steel, fabricated for connection to threaded hanger rods and to allow for a
 maximum of 30 degrees of angular hanger-rod misalignment without binding or reducing isolation efficiency.
 2. Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring at rated load.
 3. Minimum Additional Travel: 50 percent of the required deflection at rated load.4. Lateral Stiffness: More than 80 percent of rated vertical stiffness.5. Overload Capacity: Support 200 percent of rated load, fully compressed, without
 deformation or failure.6. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-reinforced
 cup to support spring and bushing projecting through bottom of frame.7. Adjustable Vertical Stop: Steel washer with neoprene washer "up-stop" on lower
 threaded rod.8. Self-centering hanger rod cap to ensure concentricity between hanger rod and support
 spring coil.
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 PART 3 - EXECUTION
 3.1 VIBRATION CONTROL DEVICE INSTALLATION
 A. Coordinate the location of embedded connection hardware with supported equipment attachment and mounting points and with requirements for concrete reinforcement and formwork specified in Section 033000 "Cast-in-Place Concrete."
 B. Installation of vibration isolators must not cause any change of position of equipment, piping, or ductwork resulting in stresses or misalignment.
 END OF SECTION
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 SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Equipment labels.2. Warning signs and labels.3. Pipe labels.4. Duct labels.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 PART 2 - PRODUCTS
 2.1 EQUIPMENT LABELS
 A. Metal Labels for Equipment:1. Material and Thickness: Brass, 0.032-inch (0.8-mm) minimum thickness, and having
 predrilled or stamped holes for attachment hardware.2. Letter Color: Black.3. Background Color: White.4. Minimum Label Size: Length and width vary for required label content, but not less than
 2-1/2 by 3/4 inch (64 by 19 mm).5. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance is less than
 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-quarters the size of principal lettering.
 6. Fasteners: Stainless-steel rivets.7. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
 B. Label Content: Include equipment's Drawing designation or unique equipment number, Drawing numbers where equipment is indicated (plans, details, and schedules), and the Specification Section number and title where equipment is specified.
 C. Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch (A4) bond paper. Tabulate equipment identification number, and identify Drawing numbers where equipment is indicated (plans, details, and schedules) and the Specification Section number and title where equipment is specified. Equipment schedule shall be included in operation and maintenance data.
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 2.2 WARNING SIGNS AND LABELS
 A. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch (3.2 mm) thick, and having predrilled holes for attachment hardware.
 B. Letter Color: Red.
 C. Background Color: Yellow.
 D. Maximum Temperature: Able to withstand temperatures up to 160 deg F (71 deg C).
 E. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch (64 by 19 mm).
 F. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-quarters the size of principal lettering.
 G. Fasteners: Stainless-steel rivets.
 H. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
 I. Label Content: Include caution and warning information plus emergency notification instructions.
 2.3 PIPE LABELS
 A. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering indicating service, and showing flow direction according to ASME A13.1.
 B. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full circumference of pipe and to attach to pipe without fasteners or adhesive.
 C. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.
 D. Pipe Label Contents: Include identification of piping service using same designations or abbreviations as used on Drawings; also include pipe size and an arrow indicating flow direction.1. Flow-Direction Arrows: Integral with piping system service lettering to accommodate
 both directions or as separate unit on each pipe label to indicate flow direction.2. Lettering Size: Size letters according to ASME A13.1 for piping.
 2.4 DUCT LABELS
 A. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/16 inch (1.6 mm) thick, and having predrilled holes for attachment hardware.
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 B. Letter Color: Black.
 C. Background Color: White.
 D. Maximum Temperature: Able to withstand temperatures up to 160 deg F (71 deg C).
 E. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch (64 by 19 mm).
 F. Minimum Letter Size: 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-quarters the size of principal lettering.
 G. Fasteners: Stainless-steel rivets.
 H. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
 I. Duct Label Contents: Include identification of duct service using same designations or abbreviations as used on Drawings; also include duct size and an arrow indicating flow direction.1. Flow-Direction Arrows: Integral with duct system service lettering to accommodate both
 directions or as separate unit on each duct label to indicate flow direction.
 PART 3 - EXECUTION
 3.1 PREPARATION
 A. Clean piping and equipment surfaces of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.
 3.2 EQUIPMENT LABEL INSTALLATION
 A. Install or permanently fasten labels on each major item of mechanical equipment.
 B. Locate equipment labels where accessible and visible.
 3.3 PIPE LABEL INSTALLATION
 A. Piping Color-Coding: Painting of piping is specified in Section 099123 "Interior Painting."
 B. Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior exposed locations as follows:1. Near each valve and control device.
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 2. Near each branch connection, excluding short takeoffs for fixtures and terminal units. Where flow pattern is not obvious, mark each pipe at branch.
 3. Near penetrations and on both sides of through walls, floors, ceilings, and inaccessible enclosures.
 4. At access doors, manholes, and similar access points that permit view of concealed piping.
 5. Near major equipment items and other points of origination and termination.6. Spaced at maximum intervals of 50 feet (15 m) along each run. Reduce intervals to 25
 feet (7.6 m) in areas of congested piping and equipment.7. On piping above removable acoustical ceilings. Omit intermediately spaced labels.
 C. Pipe Label Color Schedule:1. Chilled-Water Piping: Black letters on a safety-orange background.2. Heating Water Piping: Black letters on a safety-orange background.3. Refrigerant Piping: Black letters on a safety-white background.4. Low-Pressure Steam Piping: Black letters on a safety-white background.5. Steam Condensate Piping: White letters on a safety-gray background.
 3.4 DUCT LABEL INSTALLATION
 A. Install plastic-laminated duct labels with permanent adhesive on air ducts in the following color codes: 1. Blue: For cold-air supply ducts.2. Yellow: For hot-air supply ducts.3. Green: For exhaust-, outside-, relief-, return-, and mixed-air ducts.
 B. Locate labels near points where ducts enter into and exit from concealed spaces and at maximum intervals of 50 feet (15 m) in each space where ducts are exposed or concealed by removable ceiling system.
 END OF SECTION
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 SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Balancing Air Systems:
 a. Constant-volume air systems.b. Variable-air-volume systems.
 2. Balancing Hydronic Piping Systems:a. Constant-flow hydronic systems.b. Variable-flow hydronic systems.
 1.2 DEFINITIONS
 A. AABC: Associated Air Balance Council.
 B. NEBB: National Environmental Balancing Bureau.
 C. TAB: Testing, adjusting, and balancing.
 D. TABB: Testing, Adjusting, and Balancing Bureau.
 E. TAB Specialist: An independent entity meeting qualifications to perform TAB work.
 F. TDH: Total dynamic head.
 1.3 INFORMATIONAL SUBMITTALS
 A. Strategies and Procedures Plan: Within 60 days of Contractor's Notice to Proceed, submit TAB strategies and step-by-step procedures as specified in "Preparation" Article.
 B. Certified TAB reports.
 1.4 QUALITY ASSURANCE
 A. TAB Specialists Qualifications: Certified by AABC or NEBB.1. TAB Field Supervisor: Employee of the TAB specialist and certified by AABC or
 NEBB.2. TAB Technician: Employee of the TAB specialist and certified by AABC or NEBB as a
 TAB technician.

Page 165
						

RICHMOND POLICE EQUESTRIAN CENTERCITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 2
 B. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in ASHRAE 111, Section 4, "Instrumentation."
 C. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 7.2.2 - "Air Balancing."
 D. ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1, Section 6.7.2.3 - "System Balancing."
 PART 2 - PRODUCTS (Not Applicable)
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions in systems designs that may preclude proper TAB of systems and equipment.
 B. Examine installed systems for balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify that locations of these balancing devices are applicable for intended purpose and are accessible.
 C. Examine the approved submittals for HVAC systems and equipment.
 D. Examine design data including HVAC system descriptions, statements of design assumptions for environmental conditions and systems output, and statements of philosophies and assumptions about HVAC system and equipment controls.
 E. Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to verify that they are properly separated from adjacent areas. Verify that penetrations in plenum walls are sealed and fire-stopped if required.
 F. Examine equipment performance data including fan and pump curves.1. Relate performance data to Project conditions and requirements, including system effects
 that can create undesired or unpredicted conditions that cause reduced capacities in all or part of a system.
 2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when installed under conditions different from the conditions used to rate equipment performance. To calculate system effects for air systems, use tables and charts found in AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design." Compare results with the design data and installed conditions.
 G. Examine system and equipment installations and verify that field quality-control testing, cleaning, and adjusting specified in individual Sections have been performed.
 H. Examine test reports specified in individual system and equipment Sections.
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 I. Examine HVAC equipment and verify that bearings are greased, belts are aligned and tight, filters are clean, and equipment with functioning controls is ready for operation.
 J. Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible and their controls are connected and functioning.
 K. Examine strainers. Verify that startup screens have been replaced by permanent screens with indicated perforations.
 L. Examine control valves for proper installation for their intended function of throttling, diverting, or mixing fluid flows.
 M. Examine heat-transfer coils for correct piping connections and for clean and straight fins.
 N. Examine system pumps to ensure absence of entrained air in the suction piping.
 O. Examine operating safety interlocks and controls on HVAC equipment.
 P. Report deficiencies discovered before and during performance of TAB procedures. Observe and record system reactions to changes in conditions. Record default set points if different from indicated values.
 3.2 PREPARATION
 A. Prepare a TAB plan that includes strategies and step-by-step procedures for balancing the systems.
 B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness for TAB work. Include, at a minimum, the following:1. Airside:
 a. Duct systems are complete with terminals installed.b. Volume, smoke, and fire dampers are open and functional.c. Clean filters are installed.d. Fans are operating, free of vibration, and rotating in correct direction.e. Variable-frequency controllers' startup is complete and safeties are verified.f. Automatic temperature-control systems are operational.g. Ceilings are installed.h. Windows and doors are installed.i. Suitable access to balancing devices and equipment is provided.
 2. Hydronics:a. Verify leakage and pressure tests on water distribution systems have been
 satisfactorily completed.b. Piping is complete with terminals installed.c. Water treatment is complete.d. Systems are flushed, filled, and air purged.e. Strainers are pulled and cleaned.f. Control valves are functioning per the sequence of operation.g. Shutoff and balance valves have been verified to be 100 percent open.
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 h. Pumps are started and proper rotation is verified.i. Pump gage connections are installed directly at pump inlet and outlet flanges or in
 discharge and suction pipe prior to valves or strainers.j. Variable-frequency controllers' startup is complete and safeties are verified.k. Suitable access to balancing devices and equipment is provided.
 3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING
 A. Perform testing and balancing procedures on each system according to the procedures contained in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and in this Section.
 B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary for TAB procedures.1. After testing and balancing, patch probe holes in ducts with same material and thickness
 as used to construct ducts.2. After testing and balancing, install test ports and duct access doors that comply with
 requirements in Section 233300 "Air Duct Accessories."3. Install and join new insulation that matches removed materials. Restore insulation,
 coverings, vapor barrier, and finish according to Section 230713 "Duct Insulation," Section 230716 "HVAC Equipment Insulation," and Section 230719 "HVAC Piping Insulation."
 C. Mark equipment and balancing devices, including damper-control positions, valve position indicators, fan-speed-control levers, and similar controls and devices, with paint or other suitable, permanent identification material to show final settings.
 D. Take and report testing and balancing measurements in inch-pound (IP) units.
 3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS
 A. Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and recommended testing procedures. Cross-check the summation of required outlet volumes with required fan volumes.
 B. Prepare schematic diagrams of systems' "as-built" duct layouts.
 C. For variable-air-volume systems, develop a plan to simulate diversity.
 D. Determine the best locations in main and branch ducts for accurate duct-airflow measurements.
 E. Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air dampers through the supply-fan discharge and mixing dampers.
 F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
 G. Verify that motor starters are equipped with properly sized thermal protection.
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 H. Check dampers for proper position to achieve desired airflow path.
 I. Check for airflow blockages.
 J. Check condensate drains for proper connections and functioning.
 K. Check for proper sealing of air-handling-unit components.
 L. Verify that air duct system is sealed as specified in Section 233113 "Metal Ducts."
 3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS
 A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by fan manufacturer.1. Measure total airflow.
 a. Set outside-air, return-air, and relief-air dampers for proper position that simulates minimum outdoor-air conditions.
 b. Where duct conditions allow, measure airflow by Pitot-tube traverse. If necessary, perform multiple Pitot-tube traverses to obtain total airflow.
 c. Where duct conditions are not suitable for Pitot-tube traverse measurements, a coil traverse may be acceptable.
 d. If a reliable Pitot-tube traverse or coil traverse is not possible, measure airflow at terminals and calculate the total airflow.
 2. Measure fan static pressures as follows:a. Measure static pressure directly at the fan outlet or through the flexible connection.b. Measure static pressure directly at the fan inlet or through the flexible connection.c. Measure static pressure across each component that makes up the air-handling
 system.d. Report artificial loading of filters at the time static pressures are measured.
 3. Review Record Documents to determine variations in design static pressures versus actual static pressures. Calculate actual system-effect factors. Recommend adjustments to accommodate actual conditions.
 4. Obtain approval from commissioning authority for adjustment of fan speed higher or lower than indicated speed. Comply with requirements in HVAC Sections for air-handling units for adjustment of fans, belts, and pulley sizes to achieve indicated air-handling-unit performance.
 5. Do not make fan-speed adjustments that result in motor overload. Consult equipment manufacturers about fan-speed safety factors. Modulate dampers and measure fan-motor amperage to ensure that no overload occurs. Measure amperage in full-cooling, full-heating, economizer, and any other operating mode to determine the maximum required brake horsepower.
 B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated airflows.1. Measure airflow of submain and branch ducts.2. Adjust submain and branch duct volume dampers for specified airflow.3. Re-measure each submain and branch duct after all have been adjusted.
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 C. Adjust air inlets and outlets for each space to indicated airflows.1. Set airflow patterns of adjustable outlets for proper distribution without drafts.2. Measure inlets and outlets airflow.3. Adjust each inlet and outlet for specified airflow.4. Re-measure each inlet and outlet after they have been adjusted.
 3.6 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS
 A. Adjust the variable-air-volume systems as follows:1. Verify that the system static pressure sensor is located two-thirds of the distance down
 the duct from the fan discharge.2. Verify that the system is under static pressure control.3. Select the terminal unit that is most critical to the supply-fan airflow. Measure inlet static
 pressure, and adjust system static pressure control set point so the entering static pressure for the critical terminal unit is not less than the sum of the terminal-unit manufacturer's recommended minimum inlet static pressure plus the static pressure needed to overcome terminal-unit discharge system losses.
 4. Calibrate and balance each terminal unit for maximum and minimum design airflow as follows:a. Adjust controls so that terminal is calling for maximum airflow. Some controllers
 require starting with minimum airflow. Verify calibration procedure for specific project.
 b. Measure airflow and adjust calibration factor as required for design maximum airflow. Record calibration factor.
 c. When maximum airflow is correct, balance the air outlets downstream from terminal units.
 d. Adjust controls so that terminal is calling for minimum airflow.e. Measure airflow and adjust calibration factor as required for design minimum
 airflow. Record calibration factor. If no minimum calibration is available, note any deviation from design airflow.
 f. When in full cooling or full heating, ensure that there is no mixing of hot-deck and cold-deck airstreams unless so designed.
 g. On constant volume terminals, in critical areas where room pressure is to be maintained, verify that the airflow remains constant over the full range of full cooling to full heating. Note any deviation from design airflow or room pressure.
 5. After terminals have been calibrated and balanced, test and adjust system for total airflow. Adjust fans to deliver total design airflows within the maximum allowable fan speed listed by fan manufacturer.a. Set outside-air, return-air, and relief-air dampers for proper position that simulates
 minimum outdoor-air conditions.b. Set terminals for maximum airflow. If system design includes diversity, adjust
 terminals for maximum and minimum airflow so that connected total matches fan selection and simulates actual load in the building.
 c. Where duct conditions allow, measure airflow by Pitot-tube traverse. If necessary, perform multiple Pitot-tube traverses to obtain total airflow.
 d. Where duct conditions are not suitable for Pitot-tube traverse measurements, a coil traverse may be acceptable.
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 e. If a reliable Pitot-tube traverse or coil traverse is not possible, measure airflow at terminals and calculate the total airflow.
 6. Measure fan static pressures as follows:a. Measure static pressure directly at the fan outlet or through the flexible connection.b. Measure static pressure directly at the fan inlet or through the flexible connection.c. Measure static pressure across each component that makes up the air-handling
 system.d. Report any artificial loading of filters at the time static pressures are measured.
 7. Set final return and outside airflow to the fan while operating at maximum return airflow and minimum outdoor airflow.a. Balance the return-air ducts and inlets the same as described for constant-volume
 air systems.b. Verify that terminal units are meeting design airflow under system maximum flow.
 8. Re-measure the inlet static pressure at the most critical terminal unit and adjust the system static pressure set point to the most energy-efficient set point to maintain the optimum system static pressure. Record set point and give to controls contractor.
 9. Verify final system conditions as follows:a. Re-measure and confirm that minimum outdoor, return, and relief airflows are
 within design. Readjust to match design if necessary.b. Re-measure and confirm that total airflow is within design.c. Re-measure final fan operating data, rpms, volts, amps, and static profile.d. Mark final settings.e. Test system in economizer mode. Verify proper operation and adjust if necessary.
 Measure and record all operating data.f. Verify tracking between supply and return fans.
 3.7 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS
 A. Prepare test reports for pumps, coils, and heat exchangers. Obtain approved submittals and manufacturer-recommended testing procedures. Crosscheck the summation of required coil and heat exchanger flow rates with pump design flow rate.
 B. Prepare schematic diagrams of systems' "as-built" piping layouts.
 C. In addition to requirements in "Preparation" Article, prepare hydronic systems for testing and balancing as follows:1. Check liquid level in expansion tank.2. Check highest vent for adequate pressure.3. Check flow-control valves for proper position.4. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.5. Verify that motor starters are equipped with properly sized thermal protection.6. Check that air has been purged from the system.
 3.8 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS
 A. Adjust pumps to deliver total design gpm.1. Measure total water flow.

Page 171
						

RICHMOND POLICE EQUESTRIAN CENTERCITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 8
 a. Position valves for full flow through coils.b. Measure flow by main flow meter, if installed.c. If main flow meter is not installed, determine flow by pump TDH or exchanger
 pressure drop.2. Measure pump TDH as follows:
 a. Measure discharge pressure directly at the pump outlet flange or in discharge pipe prior to any valves.
 b. Measure inlet pressure directly at the pump inlet flange or in suction pipe prior to any valves or strainers.
 c. Convert pressure to head and correct for differences in gage heights.d. Verify pump impeller size by measuring the TDH with the discharge valve closed.
 Note the point on manufacturer's pump curve at zero flow, and verify that the pump has the intended impeller size.
 e. With valves open, read pump TDH. Adjust pump discharge valve until design water flow is achieved.
 3. Monitor motor performance during procedures and do not operate motor in an overloaded condition.
 B. Adjust flow-measuring devices installed in mains and branches to design water flows.1. Measure flow in main and branch pipes.2. Adjust main and branch balance valves for design flow.3. Re-measure each main and branch after all have been adjusted.
 C. Adjust flow-measuring devices installed at terminals for each space to design water flows.1. Measure flow at terminals.2. Adjust each terminal to design flow.3. Re-measure each terminal after it is adjusted.4. Position control valves to bypass the coil, and adjust the bypass valve to maintain design
 flow.5. Perform temperature tests after flows have been balanced.
 D. For systems with pressure-independent valves at terminals:1. Measure differential pressure and verify that it is within manufacturer's specified range.2. Perform temperature tests after flows have been verified.
 E. For systems without pressure-independent valves or flow-measuring devices at terminals:1. Measure and balance coils by either coil pressure drop or temperature method.2. If balanced by coil pressure drop, perform temperature tests after flows have been
 verified.
 F. Verify final system conditions as follows:1. Re-measure and confirm that total water flow is within design.2. Re-measure final pumps' operating data, TDH, volts, amps, and static profile.3. Mark final settings.
 G. Verify that memory stops have been set.
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 3.9 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS
 A. Balance systems with automatic two- and three-way control valves by setting systems at maximum flow through heat-exchange terminals, and proceed as specified above for hydronic systems.
 B. Adjust the variable-flow hydronic system as follows:1. Verify that the differential-pressure sensor is located as indicated.2. Determine whether there is diversity in the system.
 C. For systems with no diversity:1. Adjust pumps to deliver total design gpm.
 a. Measure total water flow.1) Position valves for full flow through coils.2) Measure flow by main flow meter, if installed.3) If main flow meter is not installed, determine flow by pump TDH or
 exchanger pressure drop.b. Measure pump TDH as follows:
 1) Measure discharge pressure directly at the pump outlet flange or in discharge pipe prior to any valves.
 2) Measure inlet pressure directly at the pump inlet flange or in suction pipe prior to any valves or strainers.
 3) Convert pressure to head and correct for differences in gage heights.4) Verify pump impeller size by measuring the TDH with the discharge valve
 closed. Note the point on manufacturer's pump curve at zero flow and verify that the pump has the intended impeller size.
 5) With valves open, read pump TDH. Adjust pump discharge valve until design water flow is achieved.
 c. Monitor motor performance during procedures and do not operate motor in an overloaded condition.
 2. Adjust flow-measuring devices installed in mains and branches to design water flows.a. Measure flow in main and branch pipes.b. Adjust main and branch balance valves for design flow.c. Re-measure each main and branch after all have been adjusted.
 3. Adjust flow-measuring devices installed at terminals for each space to design water flows.a. Measure flow at terminals.b. Adjust each terminal to design flow.c. Re-measure each terminal after it is adjusted.d. Position control valves to bypass the coil and adjust the bypass valve to maintain
 design flow.e. Perform temperature tests after flows have been balanced.
 4. For systems with pressure-independent valves at terminals:a. Measure differential pressure and verify that it is within manufacturer's specified
 range.b. Perform temperature tests after flows have been verified.
 5. For systems without pressure-independent valves or flow-measuring devices at terminals:a. Measure and balance coils by either coil pressure drop or temperature method.
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 b. If balanced by coil pressure drop, perform temperature tests after flows have been verified.
 6. Prior to verifying final system conditions, determine the system differential-pressure set point.
 7. If the pump discharge valve was used to set total system flow with variable-frequency controller at 60 Hz, at completion open discharge valve 100 percent and allow variable-frequency controller to control system differential-pressure set point. Record pump data under both conditions.
 8. Mark final settings and verify that all memory stops have been set.9. Verify final system conditions as follows:
 a. Re-measure and confirm that total water flow is within design.b. Re-measure final pumps' operating data, TDH, volts, amps, and static profile.c. Mark final settings.
 10. Verify that memory stops have been set.
 D. For systems with diversity:1. Determine diversity factor.2. Simulate system diversity by closing required number of control valves, as approved by
 the design engineer.3. Adjust pumps to deliver total design gpm.
 a. Measure total water flow.1) Position valves for full flow through coils.2) Measure flow by main flow meter, if installed.3) If main flow meter is not installed, determine flow by pump TDH or
 exchanger pressure drop.b. Measure pump TDH as follows:
 1) Measure discharge pressure directly at the pump outlet flange or in discharge pipe prior to any valves.
 2) Measure inlet pressure directly at the pump inlet flange or in suction pipe prior to any valves or strainers.
 3) Convert pressure to head and correct for differences in gage heights.4) Verify pump impeller size by measuring the TDH with the discharge valve
 closed. Note the point on manufacturer's pump curve at zero flow and verify that the pump has the intended impeller size.
 5) With valves open, read pump TDH. Adjust pump discharge valve until design water flow is achieved.
 c. Monitor motor performance during procedures and do not operate motor in an overloaded condition.
 4. Adjust flow-measuring devices installed in mains and branches to design water flows.a. Measure flow in main and branch pipes.b. Adjust main and branch balance valves for design flow.c. Re-measure each main and branch after all have been adjusted.
 5. Adjust flow-measuring devices installed at terminals for each space to design water flows.a. Measure flow at terminals.b. Adjust each terminal to design flow.c. Re-measure each terminal after it is adjusted.
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 d. Position control valves to bypass the coil, and adjust the bypass valve to maintain design flow.
 e. Perform temperature tests after flows have been balanced.6. For systems with pressure-independent valves at terminals:
 a. Measure differential pressure, and verify that it is within manufacturer's specified range.
 b. Perform temperature tests after flows have been verified.7. For systems without pressure-independent valves or flow-measuring devices at terminals:
 a. Measure and balance coils by either coil pressure drop or temperature method.b. If balanced by coil pressure drop, perform temperature tests after flows have been
 verified.8. Open control valves that were shut. Close a sufficient number of control valves that were
 previously open to maintain diversity, and balance terminals that were just opened.9. Prior to verifying final system conditions, determine system differential-pressure set
 point.10. If the pump discharge valve was used to set total system flow with variable-frequency
 controller at 60 Hz, at completion open discharge valve 100 percent and allow variable-frequency controller to control system differential-pressure set point. Record pump data under both conditions.
 11. Mark final settings and verify that memory stops have been set.12. Verify final system conditions as follows:
 a. Re-measure and confirm that total water flow is within design.b. Re-measure final pumps' operating data, TDH, volts, amps, and static profile.c. Mark final settings.
 13. Verify that memory stops have been set.
 3.10 TOLERANCES
 A. Set HVAC system's airflow rates and water flow rates within the following tolerances:1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus or minus 10 percent.2. Air Outlets and Inlets: Plus or minus 10 percent.3. Heating-Water Flow Rate: Plus or minus 10 percent.4. Cooling-Water Flow Rate: Plus or minus 10 percent.
 B. Maintaining pressure relationships as designed shall have priority over the tolerances specified above.
 3.11 FINAL REPORT
 A. General: Prepare a certified written report; tabulate and divide the report into separate sections for tested systems and balanced systems.1. Include a certification sheet at the front of the report's binder, signed and sealed by the
 certified testing and balancing engineer.2. Include a list of instruments used for procedures, along with proof of calibration.3. Certify validity and accuracy of field data.
 B. Final Report Contents: In addition to certified field-report data, include the following:
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 1. Pump curves.2. Fan curves.3. Manufacturers' test data.4. Field test reports prepared by system and equipment installers.5. Other information relative to equipment performance; do not include Shop Drawings and
 Product Data.
 C. General Report Data: In addition to form titles and entries, include the following data:1. Title page.2. Name and address of the TAB specialist.3. Project name.4. Project location.5. Architect's name and address.6. Engineer's name and address.7. Contractor's name and address.8. Report date.9. Signature of TAB supervisor who certifies the report.10. Table of Contents with the total number of pages defined for each section of the report.
 Number each page in the report.11. Summary of contents including the following:
 a. Indicated versus final performance.b. Notable characteristics of systems.c. Description of system operation sequence if it varies from the Contract
 Documents.12. Nomenclature sheets for each item of equipment.13. Data for terminal units, including manufacturer's name, type, size, and fittings.14. Notes to explain why certain final data in the body of reports vary from indicated values.15. Test conditions for fans and pump performance forms including the following:
 a. Settings for outdoor-, return-, and exhaust-air dampers.b. Conditions of filters.c. Cooling coil, wet- and dry-bulb conditions.d. Face and bypass damper settings at coils.e. Fan drive settings including settings and percentage of maximum pitch diameter.f. Inlet vane settings for variable-air-volume systems.g. Settings for supply-air, static-pressure controller.h. Other system operating conditions that affect performance.
 D. System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present each system with single-line diagram and include the following:1. Quantities of outdoor, supply, return, and exhaust airflows.2. Water and steam flow rates.3. Duct, outlet, and inlet sizes.4. Pipe and valve sizes and locations.5. Terminal units.6. Balancing stations.7. Position of balancing devices.
 E. Air-Handling-Unit Test Reports: For air-handling units with coils, include the following:
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 1. Unit Data:a. Unit identification.b. Location.c. Make and type.d. Model number and unit size.e. Manufacturer's serial number.f. Unit arrangement and class.g. Discharge arrangement.h. Sheave make, size in inches (mm), and bore.i. Center-to-center dimensions of sheave and amount of adjustments in inches (mm).j. Number, make, and size of belts.k. Number, type, and size of filters.
 2. Motor Data:a. Motor make, and frame type and size.b. Horsepower and rpm.c. Volts, phase, and hertz.d. Full-load amperage and service factor.e. Sheave make, size in inches (mm), and bore.f. Center-to-center dimensions of sheave and amount of adjustments in inches (mm).
 3. Test Data (Indicated and Actual Values):a. Total airflow rate in cfm (L/s).b. Total system static pressure in inches wg (Pa).c. Fan rpm.d. Discharge static pressure in inches wg (Pa).e. Filter static-pressure differential in inches wg (Pa).f. Preheat-coil static-pressure differential in inches wg (Pa).g. Cooling-coil static-pressure differential in inches wg (Pa).h. Heating-coil static-pressure differential in inches wg (Pa).i. Outdoor airflow in cfm (L/s).j. Return airflow in cfm (L/s).k. Outdoor-air damper position.l. Return-air damper position.m. Vortex damper position.
 F. Apparatus-Coil Test Reports:1. Coil Data:
 a. System identification.b. Location.c. Coil type.d. Number of rows.e. Fin spacing in fins per inch (mm) o.c.f. Make and model number.g. Face area in sq. ft. (sq. m).h. Tube size in NPS (DN).i. Tube and fin materials.j. Circuiting arrangement.
 2. Test Data (Indicated and Actual Values):a. Airflow rate in cfm (L/s).
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 b. Average face velocity in fpm (m/s).c. Air pressure drop in inches wg (Pa).d. Outdoor-air, wet- and dry-bulb temperatures in deg F (deg C).e. Return-air, wet- and dry-bulb temperatures in deg F (deg C).f. Entering-air, wet- and dry-bulb temperatures in deg F (deg C).g. Leaving-air, wet- and dry-bulb temperatures in deg F (deg C).h. Water flow rate in gpm (L/s).i. Water pressure differential in feet of head or psig (kPa).j. Entering-water temperature in deg F (deg C).k. Leaving-water temperature in deg F (deg C).l. Refrigerant expansion valve and refrigerant types.m. Refrigerant suction pressure in psig (kPa).n. Refrigerant suction temperature in deg F (deg C).o. Inlet steam pressure in psig (kPa).
 G. Fan Test Reports: For supply, return, and exhaust fans, include the following:1. Fan Data:
 a. System identification.b. Location.c. Make and type.d. Model number and size.e. Manufacturer's serial number.f. Arrangement and class.g. Sheave make, size in inches (mm), and bore.h. Center-to-center dimensions of sheave and amount of adjustments in inches (mm).
 2. Motor Data:a. Motor make, and frame type and size.b. Horsepower and rpm.c. Volts, phase, and hertz.d. Full-load amperage and service factor.e. Sheave make, size in inches (mm), and bore.f. Center-to-center dimensions of sheave, and amount of adjustments in inches (mm).g. Number, make, and size of belts.
 3. Test Data (Indicated and Actual Values):a. Total airflow rate in cfm (L/s).b. Total system static pressure in inches wg (Pa).c. Fan rpm.d. Discharge static pressure in inches wg (Pa).e. Suction static pressure in inches wg (Pa).
 H. Round, Flat-Oval, and Rectangular Duct Traverse Reports: Include a diagram with a grid representing the duct cross-section and record the following:1. Report Data:
 a. System and air-handling-unit number.b. Location and zone.c. Traverse air temperature in deg F (deg C).d. Duct static pressure in inches wg (Pa).e. Duct size in inches (mm).
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 f. Duct area in sq. ft. (sq. m).g. Indicated airflow rate in cfm (L/s).h. Indicated velocity in fpm (m/s).i. Actual airflow rate in cfm (L/s).j. Actual average velocity in fpm (m/s).k. Barometric pressure in psig (Pa).
 I. Air-Terminal-Device Reports:1. Unit Data:
 a. System and air-handling unit identification.b. Location and zone.c. Apparatus used for test.d. Area served.e. Make.f. Number from system diagram.g. Type and model number.h. Size.i. Effective area in sq. ft. (sq. m).
 2. Test Data (Indicated and Actual Values):a. Airflow rate in cfm (L/s).b. Air velocity in fpm (m/s).c. Preliminary airflow rate as needed in cfm (L/s).d. Preliminary velocity as needed in fpm (m/s).e. Final airflow rate in cfm (L/s).f. Final velocity in fpm (m/s).g. Space temperature in deg F (deg C).
 J. System-Coil Reports: For reheat coils and water coils of terminal units, include the following:1. Unit Data:
 a. System and air-handling-unit identification.b. Location and zone.c. Room or riser served.d. Coil make and size.e. Flowmeter type.
 2. Test Data (Indicated and Actual Values):a. Airflow rate in cfm (L/s).b. Entering-water temperature in deg F (deg C).c. Leaving-water temperature in deg F (deg C).d. Water pressure drop in feet of head or psig (kPa).e. Entering-air temperature in deg F (deg C).f. Leaving-air temperature in deg F (deg C).
 K. Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump curves and include the following:1. Unit Data:
 a. Unit identification.b. Location.c. Service.
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 d. Make and size.e. Model number and serial number.f. Water flow rate in gpm (L/s).g. Water pressure differential in feet of head or psig (kPa).h. Required net positive suction head in feet of head or psig (kPa).i. Pump rpm.j. Impeller diameter in inches (mm).k. Motor make and frame size.l. Motor horsepower and rpm.m. Voltage at each connection.n. Amperage for each phase.o. Full-load amperage and service factor.p. Seal type.
 2. Test Data (Indicated and Actual Values):a. Static head in feet of head or psig (kPa).b. Pump shutoff pressure in feet of head or psig (kPa).c. Actual impeller size in inches (mm).d. Full-open flow rate in gpm (L/s).e. Full-open pressure in feet of head or psig (kPa).f. Final discharge pressure in feet of head or psig (kPa).g. Final suction pressure in feet of head or psig (kPa).h. Final total pressure in feet of head or psig (kPa).i. Final water flow rate in gpm (L/s).j. Voltage at each connection.k. Amperage for each phase.
 L. Instrument Calibration Reports:1. Report Data:
 a. Instrument type and make.b. Serial number.c. Application.d. Dates of use.e. Dates of calibration.
 3.12 VERIFICATION OF TAB REPORT
 A. The TAB specialist's test and balance engineer shall conduct the inspection in the presence of commissioning authority.
 B. Commissioning authority shall randomly select measurements, documented in the final report, to be rechecked. Rechecking shall be limited to either 10 percent of the total measurements recorded or the extent of measurements that can be accomplished in a normal 8-hour business day.
 C. If rechecks yield measurements that differ from the measurements documented in the final report by more than the tolerances allowed, the measurements shall be noted as "FAILED."
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 D. If the number of "FAILED" measurements is greater than 10 percent of the total measurements checked during the final inspection, the testing and balancing shall be considered incomplete and shall be rejected.
 E. If TAB work fails, proceed as follows:1. TAB specialists shall recheck all measurements and make adjustments. Revise the final
 report and balancing device settings to include all changes; resubmit the final report and request a second final inspection.
 2. If the second final inspection also fails, Owner may contract the services of another TAB specialist to complete TAB work according to the Contract Documents and deduct the cost of the services from the original TAB specialist's final payment.
 3. If the second verification also fails, design professional may contact AABC Headquarters regarding the AABC National Performance Guaranty.
 F. Prepare test and inspection reports.
 3.13 ADDITIONAL TESTS
 A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions are being maintained throughout and to correct unusual conditions.
 B. Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and winter conditions, perform additional TAB during near-peak summer and winter conditions.
 END OF SECTION
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 SECTION 230713 - DUCT INSULATION
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section includes insulating the following duct services:1. Indoor, concealed supply and outdoor air.2. Indoor, exposed supply and outdoor air.3. Indoor, concealed return located in unconditioned space.4. Indoor, exposed return located in unconditioned space.5. Indoor, concealed exhaust between isolation damper and penetration of building exterior.6. Indoor, exposed exhaust between isolation damper and penetration of building exterior.7. Outdoor, exposed supply and return.
 B. Related Sections:1. Section 230716 "HVAC Equipment Insulation."2. Section 230719 "HVAC Piping Insulation."3. Section 233113 "Metal Ducts" for duct liners.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.1. Detail application of protective shields, saddles, and inserts at hangers for each type of
 insulation and hanger.2. Detail insulation application at elbows, fittings, dampers, specialties and flanges for each
 type of insulation.3. Detail application of field-applied jackets.4. Detail application at linkages of control devices.
 1.3 INFORMATIONAL SUBMITTALS
 A. Field quality-control reports.
 1.4 QUALITY ASSURANCE
 A. Surface-Burning Characteristics: For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing agency acceptable to authorities having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing agency.1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
 index of 50 or less.
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 2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed index of 150 or less.
 PART 2 - PRODUCTS
 2.1 INSULATION MATERIALS
 A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum Insulation Schedule," and "Aboveground, Outdoor Duct and Plenum Insulation Schedule" articles for where insulating materials shall be applied.
 B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
 C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
 D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
 E. Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSP jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
 F. Mineral-Fiber Board Insulation: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C 612, Type IA or Type IB. For duct and plenum applications, provide insulation with factory-applied ASJ. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
 2.2 ADHESIVES
 A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
 B. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.1. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).2. Adhesive shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."
 C. ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.1. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).2. Adhesive shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."
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 2.3 MASTICS
 A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 B. Vapor-Barrier Mastic: Water based; suitable for indoor use on below ambient services.1. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm (0.009 metric
 perm) at 43-mil (1.09-mm) dry film thickness.2. Service Temperature Range: Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C).3. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.4. Color: White.
 C. Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient services.1. Water-Vapor Permeance: ASTM F 1249, 1.8 perms (1.2 metric perms) at 0.0625-inch
 (1.6-mm) dry film thickness.2. Service Temperature Range: Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C).3. Solids Content: 60 percent by volume and 66 percent by weight.4. Color: White.
 2.4 SEALANTS
 A. FSK and Metal Jacket Flashing Sealants:1. Materials shall be compatible with insulation materials, jackets, and substrates.2. Fire- and water-resistant, flexible, elastomeric sealant.3. Service Temperature Range: Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C).4. Color: Aluminum.5. For indoor applications, use sealants that have a VOC content of 420 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).6. Sealants shall comply with the testing and product requirements of the California
 Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."
 2.5 FACTORY-APPLIED JACKETS
 A. Insulation system schedules indicate factory-applied jackets on various applications. When factory-applied jackets are indicated, comply with the following:1. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
 complying with ASTM C 1136, Type II.
 2.6 FIELD-APPLIED JACKETS
 A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
 B. FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.
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 C. Self-Adhesive Outdoor Jacket: 60-mil- (1.5-mm-) thick, laminated vapor barrier and waterproofing membrane for installation over insulation located aboveground outdoors; consisting of a rubberized bituminous resin on a crosslaminated polyethylene film covered with stucco-embossed aluminum-foil facing.
 2.7 TAPES
 A. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.1. Width: 3 inches (75 mm).2. Thickness: 6.5 mils (0.16 mm).3. Adhesion: 90 ounces force/inch (1.0 N/mm) in width.4. Elongation: 2 percent.5. Tensile Strength: 40 lbf/inch (7.2 N/mm) in width.6. FSK Tape Disks and Squares: Precut disks or squares of FSK tape.
 B. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.1. Width: 2 inches (50 mm).2. Thickness: 3.7 mils (0.093 mm).3. Adhesion: 100 ounces force/inch (1.1 N/mm) in width.4. Elongation: 5 percent.5. Tensile Strength: 34 lbf/inch (6.2 N/mm) in width.
 2.8 SECUREMENTS
 A. Aluminum Bands: ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch (0.51 mm) thick, 3/4 inch (19 mm) wide with wing seal or closed seal.
 B. Insulation Pins and Hangers:1. Metal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate welded to
 projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place. Comply with the following requirements:a. Baseplate: Perforated, galvanized carbon-steel sheet, 0.030 inch (0.76 mm) thick
 by 2 inches (50 mm) square.b. Spindle: Stainless steel, fully annealed, 0.106-inch- (2.6-mm-) diameter shank,
 length to suit depth of insulation indicated.c. Adhesive: Recommended by hanger manufacturer. Product with demonstrated
 capability to bond insulation hanger securely to substrates indicated without damaging insulation, hangers, and substrates.
 2. Self-Sticking-Base Insulation Hangers: Baseplate welded to projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place. Comply with the following requirements:a. Baseplate: Galvanized carbon-steel sheet, 0.030 inch (0.76 mm) thick by 2 inches
 (50 mm) square.b. Spindle: Stainless steel, fully annealed, 0.106-inch- (2.6-mm-) diameter shank,
 length to suit depth of insulation indicated.c. Adhesive-backed base with a peel-off protective cover.
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 3. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- (0.41-mm-) thick, stainless-steel sheet, with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches (38 mm) in diameter.a. Protect ends with capped self-locking washers incorporating a spring steel insert to
 ensure permanent retention of cap in exposed locations.4. Nonmetal Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch-
 (0.41-mm-) thick nylon sheet, with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches (38 mm) in diameter.
 C. Staples: Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) wide, stainless steel or Monel.
 D. Wire: 0.062-inch (1.6-mm) soft-annealed, stainless steel.
 2.9 CORNER ANGLES
 A. Aluminum Corner Angles: 0.040 inch (1.0 mm) thick, minimum 1 by 1 inch (25 by 25 mm), aluminum according to ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005; Temper H-14.
 PART 3 - EXECUTION
 3.1 PREPARATION
 A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will adversely affect insulation application.
 3.2 GENERAL INSTALLATION REQUIREMENTS
 A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of ducts and fittings.
 B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for each item of duct system as specified in insulation system schedules.
 C. Install accessories compatible with insulation materials and suitable for the service. Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
 D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
 E. Install multiple layers of insulation with longitudinal and end seams staggered.
 F. Keep insulation materials dry during application and finishing.
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 G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended by insulation material manufacturer.
 H. Install insulation with least number of joints practical.
 I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.1. Install insulation continuously through hangers and around anchor attachments.2. For insulation application where vapor barriers are indicated, extend insulation on anchor
 legs from point of attachment to supported item to point of attachment to structure. Taper and seal ends at attachment to structure with vapor-barrier mastic.
 3. Install insert materials and install insulation to tightly join the insert. Seal insulation to insulation inserts with adhesive or sealing compound recommended by insulation material manufacturer.
 J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
 K. Install insulation with factory-applied jackets as follows:1. Draw jacket tight and smooth.2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material as
 insulation jacket. Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 4 inches (100 mm) o.c.
 3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm). Clean and dry surface to receive self-sealing lap. Staple laps with outward clinching staples along edge at 2 inches (50 mm) o.c.a. For below ambient services, apply vapor-barrier mastic over staples.
 4. Cover joints and seams with tape, according to insulation material manufacturer's written instructions, to maintain vapor seal.
 5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at ends adjacent to duct flanges and fittings.
 L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
 M. Finish installation with systems at operating conditions. Repair joint separations and cracking due to thermal movement.
 N. Repair damaged insulation facings by applying same facing material over damaged areas. Extend patches at least 4 inches (100 mm) beyond damaged areas. Adhere, staple, and seal patches similar to butt joints.
 3.3 PENETRATIONS
 A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof penetrations.1. Seal penetrations with flashing sealant.2. For applications requiring only indoor insulation, terminate insulation above roof surface
 and seal with joint sealant. For applications requiring indoor and outdoor insulation,
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 install insulation for outdoor applications tightly joined to indoor insulation ends. Seal joint with joint sealant.
 3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches (50 mm) below top of roof flashing.
 4. Seal jacket to roof flashing with flashing sealant.
 B. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation continuously through wall penetrations.1. Seal penetrations with flashing sealant.2. For applications requiring only indoor insulation, terminate insulation inside wall surface
 and seal with joint sealant. For applications requiring indoor and outdoor insulation, install insulation for outdoor applications tightly joined to indoor insulation ends. Seal joint with joint sealant.
 3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least 2 inches (50 mm).
 4. Seal jacket to wall flashing with flashing sealant.
 C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated): Install insulation continuously through walls and partitions.
 D. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Terminate insulation at fire damper sleeves for fire-rated wall and partition penetrations. Externally insulate damper sleeves to match adjacent insulation and overlap duct insulation at least 2 inches (50 mm).1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping
 and fire-resistive joint sealers.
 E. Insulation Installation at Floor Penetrations:1. Duct: For penetrations through fire-rated assemblies, terminate insulation at fire damper
 sleeves and externally insulate damper sleeve beyond floor to match adjacent duct insulation. Overlap damper sleeve and duct insulation at least 2 inches (50 mm).
 2. Seal penetrations through fire-rated assemblies. Comply with requirements in Section 078413 "Penetration Firestopping."
 3.4 INSTALLATION OF MINERAL-FIBER INSULATION
 A. Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.1. Apply adhesives according to manufacturer's recommended coverage rates per unit area,
 for 100 percent coverage of duct and plenum surfaces.2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
 transitions.3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
 discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows:a. On duct sides with dimensions 18 inches (450 mm) and smaller, place pins along
 longitudinal centerline of duct. Space 3 inches (75 mm) maximum from insulation end joints, and 16 inches (400 mm) o.c.
 b. On duct sides with dimensions larger than 18 inches (450 mm), place pins 16 inches (400 mm) o.c. each way, and 3 inches (75 mm) maximum from insulation
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 joints. Install additional pins to hold insulation tightly against surface at cross bracing.
 c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.d. Do not overcompress insulation during installation.e. Impale insulation over pins and attach speed washers.f. Cut excess portion of pins extending beyond speed washers or bend parallel with
 insulation surface. Cover exposed pins and washers with tape matching insulation facing.
 4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches (50 mm) from one edge and one end of insulation segment. Secure laps to adjacent insulation section with 1/2-inch (13-mm) outward-clinching staples, 1 inch (25 mm) o.c. Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, seams, and protrusions.a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
 barrier seal.b. Install vapor stops for ductwork and plenums operating below 50 deg F (10 deg C)
 at 18-foot (5.5-m) intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along butt end of insulation, and over the surface. Cover insulation face and surface to be insulated a width equal to two times the insulation thickness, but not less than 3 inches (75 mm).
 5. Overlap unfaced blankets a minimum of 2 inches (50 mm) on longitudinal seams and end joints. At end joints, secure with steel bands spaced a maximum of 18 inches (450 mm) o.c.
 6. Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface. Install insulation on round and flat-oval duct elbows with individually mitered gores cut to fit the elbow.
 7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch- (150-mm-) wide strips of same material used to insulate duct. Secure on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches (150 mm) o.c.
 B. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.1. Apply adhesives according to manufacturer's recommended coverage rates per unit area,
 for 100 percent coverage of duct and plenum surfaces.2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
 transitions.3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
 discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows:a. On duct sides with dimensions 18 inches (450 mm) and smaller, place pins along
 longitudinal centerline of duct. Space 3 inches (75 mm) maximum from insulation end joints, and 16 inches (400 mm) o.c.
 b. On duct sides with dimensions larger than 18 inches (450 mm), space pins 16 inches (400 mm) o.c. each way, and 3 inches (75 mm) maximum from insulation joints. Install additional pins to hold insulation tightly against surface at cross bracing.
 c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.d. Do not overcompress insulation during installation.
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 e. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface. Cover exposed pins and washers with tape matching insulation facing.
 4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches (50 mm) from one edge and one end of insulation segment. Secure laps to adjacent insulation section with 1/2-inch (13-mm) outward-clinching staples, 1 inch (25 mm) o.c. Install vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, seams, and protrusions.a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
 barrier seal.b. Install vapor stops for ductwork and plenums operating below 50 deg F (10 deg C)
 at 18-foot (5.5-m) intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along butt end of insulation, and over the surface. Cover insulation face and surface to be insulated a width equal to two times the insulation thickness, but not less than 3 inches (75 mm).
 5. Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface. Groove and score insulation to fit as closely as possible to outside and inside radius of elbows. Install insulation on round and flat-oval duct elbows with individually mitered gores cut to fit the elbow.
 6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch- (150-mm-) wide strips of same material used to insulate duct. Secure on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches (150 mm) o.c.
 3.5 FIELD-APPLIED JACKET INSTALLATION
 A. Where FSK jackets are indicated, install as follows:1. Draw jacket material smooth and tight.2. Install lap or joint strips with same material as jacket.3. Secure jacket to insulation with manufacturer's recommended adhesive.4. Install jacket with 1-1/2-inch (38-mm) laps at longitudinal seams and 3-inch- (75-mm-)
 wide joint strips at end joints.5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation
 with vapor-barrier mastic.
 B. Where metal jackets are indicated, install with 2-inch (50-mm) overlap at longitudinal seams and end joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof sealant recommended by insulation manufacturer. Secure jacket with stainless-steel bands 12 inches (300 mm) o.c. and at end joints.
 3.6 FINISHES
 A. Insulation with ASJ or Other Paintable Jacket Material: Paint jacket with paint system identified below and as specified in Section 099113 "Exterior Painting" and Section 099123 "Interior Painting."1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket
 material and finish coat paint. Add fungicidal agent to render fabric mildew proof.
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 a. Finish Coat Material: Interior, flat, latex-emulsion size.
 B. Color: Final color as selected by Architect. Vary first and second coats to allow visual inspection of the completed Work.
 C. Do not field paint aluminum or stainless-steel jackets.
 3.7 FIELD QUALITY CONTROL
 A. Perform tests and inspections.
 B. Tests and Inspections:1. Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and
 insulation in layers in reverse order of their installation. Extent of inspection shall be limited to one location(s) for each duct system defined in the "Duct Insulation Schedule, General" Article.
 C. All insulation applications will be considered defective Work if sample inspection reveals noncompliance with requirements.
 3.8 DUCT INSULATION SCHEDULE, GENERAL
 A. Plenums and Ducts Requiring Insulation:1. Indoor, concealed supply and outdoor air.2. Indoor, exposed supply and outdoor air.3. Indoor, concealed return located in unconditioned space.4. Indoor, exposed return located in unconditioned space.5. Indoor, concealed exhaust between isolation damper and penetration of building exterior.6. Indoor, exposed exhaust between isolation damper and penetration of building exterior.7. Outdoor, exposed supply and return.
 B. Items Not Insulated:1. Metal ducts with duct liner of sufficient thickness to comply with energy code and
 ASHRAE/IESNA 90.1.2. Factory-insulated flexible ducts.3. Factory-insulated plenums and casings.4. Vibration-control devices.5. Factory-insulated access panels and doors.
 3.9 INSULATION SCHEDULE – See drawings
 END OF SECTION
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 SECTION 230716 - HVAC EQUIPMENT INSULATION
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section includes insulating the following HVAC equipment that is not factory insulated:1. Heat exchangers.2. Chilled-water pumps.3. Dual-service heating and cooling pumps.4. Heating, hot-water pumps.5. Expansion/compression tanks.6. Air separators.
 B. Related Sections:1. Section 230713 "Duct Insulation."2. Section 230719 "HVAC Piping Insulation."
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.1. Detail application of protective shields, saddles, and inserts at hangers for each type of
 insulation and hanger.2. Detail attachment and covering of heat tracing inside insulation.3. Detail removable insulation at equipment connections.4. Detail application of field-applied jackets.5. Detail application at linkages of control devices.6. Detail field application for each equipment type.
 1.3 INFORMATIONAL SUBMITTALS
 A. Field quality-control reports.
 1.4 QUALITY ASSURANCE
 A. Surface-Burning Characteristics: For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing agency acceptable to authorities having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing agency.1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
 index of 50 or less.
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 2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed index of 150 or less.
 PART 2 - PRODUCTS
 2.1 INSULATION MATERIALS
 A. Products shall not contain asbestos, lead, mercury, or mercury compounds.
 B. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
 C. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
 D. Flexible Elastomeric Insulation: Closed-cell, sponge- or expanded-rubber materials. Comply with ASTM C 534, Type I for tubular materials and Type II for sheet materials.
 E. Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSK jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
 F. Mineral-Fiber Board Insulation: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C 612, Type IA or Type IB. Provide insulation with factory-applied FSK jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
 G. Mineral-Fiber, Pipe and Tank Insulation: Mineral or glass fibers bonded with a thermosetting resin. Semirigid board material with factory-applied FSK jacket complying with ASTM C 1393, Type II or Type IIIA Category 2, or with properties similar to ASTM C 612, Type IB. Nominal density is 2.5 lb/cu. ft. (40 kg/cu. m) or more. Thermal conductivity (k-value) at 100 deg F (55 deg C) is 0.29 Btu x in./h x sq. ft. x deg F (0.042 W/m x K) or less. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
 2.2 ADHESIVES
 A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
 B. Flexible Elastomeric and Polyolefin Adhesive: Comply with MIL-A-24179A, Type II, Class I.1. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 C. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.1. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
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 D. ASJ Adhesive, and FSK and PVDC Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.1. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 E. PVC Jacket Adhesive: Compatible with PVC jacket.1. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 2.3 MASTICS
 A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 B. Vapor-Barrier Mastic: Water based; suitable for indoor and outdoor use on below ambient services.1. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm (0.009 metric
 perm) at 43-mil (1.09-mm) dry film thickness.2. Service Temperature Range: Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C).3. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.4. Color: White.
 C. Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient services.1. Water-Vapor Permeance: ASTM F 1249, 1.8 perms (1.2 metric perms) at 0.0625-inch
 (1.6-mm) dry film thickness.2. Service Temperature Range: Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C).3. Solids Content: 60 percent by volume and 66 percent by weight.4. Color: White.
 2.4 SEALANTS
 A. Joint Sealants:1. Materials shall be compatible with insulation materials, jackets, and substrates.2. Permanently flexible, elastomeric sealant.3. Service Temperature Range: Minus 100 to plus 300 deg F (Minus 73 to plus 149 deg C).4. Color: White or gray.5. For indoor applications, sealants shall have a VOC content of 420 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 B. FSK and Metal Jacket Flashing Sealants:1. Materials shall be compatible with insulation materials, jackets, and substrates.2. Fire- and water-resistant, flexible, elastomeric sealant.3. Service Temperature Range: Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C).4. Color: Aluminum.5. For indoor applications, sealants shall have a VOC content of 420 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
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 C. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants:1. Materials shall be compatible with insulation materials, jackets, and substrates.2. Fire- and water-resistant, flexible, elastomeric sealant.3. Service Temperature Range: Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C).4. Color: White.5. For indoor applications, sealants shall have a VOC content of 420 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 2.5 FACTORY-APPLIED JACKETS
 A. Insulation system schedules indicate factory-applied jackets on various applications. When factory-applied jackets are indicated, comply with the following:1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing;
 complying with ASTM C 1136, Type I.2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a
 removable protective strip; complying with ASTM C 1136, Type I.3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
 complying with ASTM C 1136, Type II.
 2.6 FIELD-APPLIED JACKETS
 A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
 B. FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.
 C. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming. Thickness is indicated in field-applied jacket schedules.1. Adhesive: As recommended by jacket material manufacturer.2. Color: White.3. Factory-fabricated tank heads and tank side panels.
 2.7 TAPES
 A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C 1136.1. Width: 3 inches (75 mm).2. Thickness: 11.5 mils (0.29 mm).3. Adhesion: 90 ounces force/inch (1.0 N/mm) in width.4. Elongation: 2 percent.5. Tensile Strength: 40 lbf/inch (7.2 N/mm) in width.6. ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape.
 B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.1. Width: 3 inches (75 mm).2. Thickness: 6.5 mils (0.16 mm).
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 3. Adhesion: 90 ounces force/inch (1.0 N/mm) in width.4. Elongation: 2 percent.5. Tensile Strength: 40 lbf/inch (7.2 N/mm) in width.6. FSK Tape Disks and Squares: Precut disks or squares of FSK tape.
 C. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; suitable for indoor and outdoor applications.1. Width: 2 inches (50 mm).2. Thickness: 6 mils (0.15 mm).3. Adhesion: 64 ounces force/inch (0.7 N/mm) in width.4. Elongation: 500 percent.5. Tensile Strength: 18 lbf/inch (3.3 N/mm) in width.
 2.8 SECUREMENTS
 A. Aluminum Bands: ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch (0.51 mm) thick, 3/4 inch (19 mm) wide with wing seal.
 B. Insulation Pins and Hangers:1. Metal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate welded to
 projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place.a. Baseplate: Perforated, galvanized carbon-steel sheet, 0.030 inch (0.76 mm) thick
 by 2 inches (50 mm) square.b. Spindle: Stainless steel, fully annealed, 0.106-inch- (2.6-mm-) diameter shank,
 length to suit depth of insulation indicated.c. Adhesive: Recommended by hanger manufacturer. Product with demonstrated
 capability to bond insulation hanger securely to substrates indicated without damaging insulation, hangers, and substrates.
 2. Self-Sticking-Base Insulation Hangers: Baseplate welded to projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place.a. Baseplate: Galvanized carbon-steel sheet, 0.030 inch (0.76 mm) thick by 2 inches
 (50 mm) square.b. Spindle: Stainless steel, fully annealed, 0.106-inch- (2.6-mm-) diameter shank,
 length to suit depth of insulation indicated.c. Adhesive-backed base with a peel-off protective cover.
 3. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- (0.41-mm-) thick, galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches (38 mm) in diameter.a. Protect ends with capped self-locking washers incorporating a spring steel insert to
 ensure permanent retention of cap in exposed locations.
 C. Wire: 0.080-inch (2.0-mm) nickel-copper alloy.
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 2.9 CORNER ANGLES
 A. PVC Corner Angles: 30 mils (0.8 mm) thick, minimum 1 by 1 inch (25 by 25 mm), PVC according to ASTM D 1784, Class 16354-C. White or color-coded to match adjacent surface.
 PART 3 - EXECUTION
 3.1 PREPARATION
 A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will adversely affect insulation application.
 B. Coordinate insulation installation with the trade installing heat tracing. Comply with requirements for heat tracing that apply to insulation.
 C. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless-steel surfaces, use demineralized water.
 3.2 GENERAL INSTALLATION REQUIREMENTS
 A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of equipment.
 B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of equipment as specified in insulation system schedules.
 C. Install accessories compatible with insulation materials and suitable for the service. Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
 D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
 E. Install multiple layers of insulation with longitudinal and end seams staggered.
 F. Keep insulation materials dry during application and finishing.
 G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended by insulation material manufacturer.
 H. Install insulation with least number of joints practical.
 I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.1. Install insulation continuously through hangers and around anchor attachments.2. For insulation application where vapor barriers are indicated, extend insulation on anchor
 legs from point of attachment to supported item to point of attachment to structure. Taper and seal ends at attachment to structure with vapor-barrier mastic.
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 3. Install insert materials and install insulation to tightly join the insert. Seal insulation to insulation inserts with adhesive or sealing compound recommended by insulation material manufacturer.
 4. Cover inserts with jacket material matching adjacent insulation. Install shields over jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.
 J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
 K. Install insulation with factory-applied jackets as follows:1. Draw jacket tight and smooth.2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material as
 insulation jacket. Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 4 inches (100 mm) o.c.
 3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm). Clean and dry surface to receive self-sealing lap. Staple laps with outward clinching staples along edge at 2 inches (50 mm) o.c.a. For below ambient services, apply vapor-barrier mastic over staples.
 4. Cover joints and seams with tape, according to insulation material manufacturer's written instructions, to maintain vapor seal.
 5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints.
 L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
 M. Finish installation with systems at operating conditions. Repair joint separations and cracking due to thermal movement.
 N. Repair damaged insulation facings by applying same facing material over damaged areas. Extend patches at least 4 inches (100 mm) beyond damaged areas. Adhere, staple, and seal patches similar to butt joints.
 O. For above ambient services, do not install insulation to the following:1. Vibration-control devices.2. Testing agency labels and stamps.3. Nameplates and data plates.4. Manholes.5. Handholes.6. Cleanouts.
 3.3 INSTALLATION OF EQUIPMENT, TANK, AND VESSEL INSULATION
 A. Mineral-Fiber, Pipe and Tank Insulation Installation for Tanks and Vessels: Secure insulation with adhesive and anchor pins and speed washers.1. Apply adhesives according to manufacturer's recommended coverage rates per unit area,
 for 100 percent coverage of tank and vessel surfaces.2. Groove and score insulation materials to fit as closely as possible to equipment, including
 contours. Bevel insulation edges for cylindrical surfaces for tight joints. Stagger end joints.
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 3. Protect exposed corners with secured corner angles.4. Install adhesively attached or self-sticking insulation hangers and speed washers on sides
 of tanks and vessels as follows:a. Do not weld anchor pins to ASME-labeled pressure vessels.b. Select insulation hangers and adhesive that are compatible with service
 temperature and with substrate.c. On tanks and vessels, maximum anchor-pin spacing is 3 inches (75 mm) from
 insulation end joints, and 16 inches (400 mm) o.c. in both directions.d. Do not overcompress insulation during installation.e. Cut and miter insulation segments to fit curved sides and domed heads of tanks
 and vessels.f. Impale insulation over anchor pins and attach speed washers.g. Cut excess portion of pins extending beyond speed washers or bend parallel with
 insulation surface. Cover exposed pins and washers with tape matching insulation facing.
 5. Secure each layer of insulation with stainless-steel or aluminum bands. Select band material compatible with insulation materials.
 6. Where insulation hangers on equipment and vessels are not permitted or practical and where insulation support rings are not provided, install a girdle network for securing insulation. Stretch prestressed aircraft cable around the diameter of vessel and make taut with clamps, turnbuckles, or breather springs. Place one circumferential girdle around equipment approximately 6 inches (150 mm) from each end. Install wire or cable between two circumferential girdles 12 inches (300 mm) o.c. Install a wire ring around each end and around outer periphery of center openings, and stretch prestressed aircraft cable radially from the wire ring to nearest circumferential girdle. Install additional circumferential girdles along the body of equipment or tank at a minimum spacing of 48 inches (1200 mm) o.c. Use this network for securing insulation with tie wire or bands.
 7. Stagger joints between insulation layers at least 3 inches (75 mm).8. Install insulation in removable segments on equipment access doors, manholes,
 handholes, and other elements that require frequent removal for service and inspection.9. Bevel and seal insulation ends around manholes, handholes, ASME stamps, and
 nameplates.10. For equipment with surface temperatures below ambient, apply mastic to open ends,
 joints, seams, breaks, and punctures in insulation.
 B. Flexible Elastomeric Thermal Insulation Installation for Tanks and Vessels: Install insulation over entire surface of tanks and vessels.1. Apply 100 percent coverage of adhesive to surface with manufacturer's recommended
 adhesive.2. Seal longitudinal seams and end joints.
 C. Insulation Installation on Pumps:1. Fabricate metal boxes lined with insulation. Fit boxes around pumps and coincide box
 joints with splits in pump casings. Fabricate joints with outward bolted flanges. Bolt flanges on 6-inch (150-mm) centers, starting at corners. Install 3/8-inch- (10-mm-) diameter fasteners with wing nuts. Alternatively, secure the box sections together using a latching mechanism.
 2. Fabricate boxes from galvanized steel, at least 0.040 inch (1.0 mm) thick.
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 3. For below ambient services, install a vapor barrier at seams, joints, and penetrations. Seal between flanges with replaceable gasket material to form a vapor barrier.
 3.4 FIELD-APPLIED JACKET INSTALLATION
 A. Where FSK jackets are indicated, install as follows:1. Draw jacket material smooth and tight.2. Install lap or joint strips with same material as jacket.3. Secure jacket to insulation with manufacturer's recommended adhesive.4. Install jacket with 1-1/2-inch (38-mm) laps at longitudinal seams and 3-inch- (75-mm-)
 wide joint strips at end joints.5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation
 with vapor-barrier mastic.
 B. Where PVC jackets are indicated, install with 1-inch (25-mm) overlap at longitudinal seams and end joints; for horizontal applications, install with longitudinal seams along top and bottom of tanks and vessels. Seal with manufacturer's recommended adhesive.1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the
 finish bead along seam and joint edge.
 C. Where metal jackets are indicated, install with 2-inch (50-mm) overlap at longitudinal seams and end joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof sealant recommended by insulation manufacturer. Secure jacket with stainless-steel bands 12 inches (300 mm) o.c. and at end joints.
 3.5 FINISHES
 A. Equipment Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material: Paint jacket with paint system identified below and as specified in Section 099113 "Exterior Painting" and Section 099123 "Interior Painting."1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket
 material and finish coat paint. Add fungicidal agent to render fabric mildew proof.a. Finish Coat Material: Interior, flat, latex-emulsion size.
 B. Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.
 C. Color: Final color as selected by Architect. Vary first and second coats to allow visual inspection of the completed Work.
 D. Do not field paint aluminum or stainless-steel jackets.
 3.6 FIELD QUALITY CONTROL
 A. Perform tests and inspections.
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 B. Tests and Inspections: Inspect field-insulated equipment, randomly selected by Architect, by removing field-applied jacket and insulation in layers in reverse order of their installation. Extent of inspection shall be limited to one location(s) for each type of equipment defined in the "Equipment Insulation Schedule" Article. For large equipment, remove only a portion adequate to determine compliance.
 C. All insulation applications will be considered defective Work if sample inspection reveals noncompliance with requirements.
 3.7 EQUIPMENT INSULATION SCHEDULE
 A. Insulation materials and thicknesses are identified below.
 B. Insulate indoor and outdoor equipment that is not factory insulated.
 C. Also refer to insulation schedule on plans.
 D. Chilled-water pump insulation shall be the following:1. Mineral-Fiber Board: 2 inches (50 mm) thick and 3-lb/cu. ft. (48-kg/cu. m) nominal
 density.
 E. Heat-Exchanger (Water-to-Water for Heating Service) Insulation: Mineral-fiber pipe and tank, 2 inches (50 mm) thick.
 F. Dual-service heating and cooling pump insulation shall be the following:1. Mineral-Fiber Board: 2 inches (50 mm) thick and 3-lb/cu. ft. (48-kg/cu. m) nominal
 density.
 G. Heating-Hot-Water Pump Insulation: Mineral-Fiber Board: 2 inches (50 mm) thick and 3-lb/cu. ft. (48-kg/cu. m) nominal density.
 H. Chilled-water expansion/compression tank insulation shall be one of the following:1. Flexible Elastomeric: 1 inch (25 mm) thick.2. Mineral-Fiber Pipe and Tank: 1 inch (25 mm) thick.
 I. Dual-service heating and cooling expansion/compression tank insulation shall be one of the following:1. Flexible Elastomeric: 1 inch (25 mm) thick.2. Mineral-Fiber Pipe and Tank: 1 inch (25 mm) thick.
 J. Heating-Hot-Water Expansion/Compression Tank Insulation: Mineral-Fiber Pipe and Tank: 1 inch (25 mm) thick.
 K. Chilled-water air-separator insulation shall be one of the following:1. Flexible Elastomeric: 1 inch (25 mm) thick.2. Mineral-Fiber Pipe and Tank: 1 inch (25 mm) thick.
 L. Dual-service heating and cooling air-separator insulation shall be one of the following:1. Flexible Elastomeric: 1 inch (25 mm) thick.
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 2. Mineral-Fiber Pipe and Tank: 1 inch (25 mm) thick.
 M. Heating-Hot-Water Air-Separator Insulation: Mineral-Fiber Pipe and Tank: 2 inches (50 mm) thick.
 3.8 INDOOR, FIELD-APPLIED JACKET SCHEDULE
 A. Install jacket over insulation material. For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
 B. Equipment, Concealed:1. None.
 C. Equipment, Exposed, up to 48 Inches (1200 mm) in Diameter or with Flat Surfaces up to 72 Inches (1800 mm):1. Aluminum, Smooth: 0.020 inch (0.51 mm) thick.
 D. Equipment, Exposed, Larger Than 48 Inches (1200 mm) in Diameter or with Flat Surfaces Larger Than 72 Inches (1800 mm):1. Aluminum, Smooth with 2-1/2-Inch- (65-mm-) Deep Corrugations: 0.032 inch (0.81 mm)
 thick.
 END OF SECTION
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 SECTION 232300 - REFRIGERANT PIPING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Refrigerant pipes and fittings.2. Refrigerant piping valves and specialties.3. Refrigerants.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of valve and refrigerant piping specialty.
 B. Shop Drawings:1. Show piping size and piping layout, including oil traps, double risers, specialties, and
 pipe and tube sizes to accommodate, as a minimum, equipment provided, elevation difference between compressor and evaporator, and length of piping to ensure proper operation and compliance with warranties of connected equipment.
 2. Show interface and spatial relationships between piping and equipment.3. Shop Drawing Scale: 1/4 inch equals 1 foot (1:50).
 1.3 INFORMATIONAL SUBMITTALS
 A. Field quality-control reports.
 1.4 CLOSEOUT SUBMITTALS
 A. Operation and Maintenance Data: For refrigerant valves and piping specialties to include in maintenance manuals.
 1.5 QUALITY ASSURANCE
 A. Comply with ASHRAE 15, "Safety Code for Refrigeration Systems."
 B. Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer Components."
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 PART 2 - PRODUCTS
 2.1 PERFORMANCE REQUIREMENTS
 A. Line Test Pressure for Refrigerant R-134a:1. Suction Lines for Air-Conditioning Applications: 115 psig (793 kPa).2. Suction Lines for Heat-Pump Applications: 225 psig (1551 kPa).3. Hot-Gas and Liquid Lines: 225 psig (1551 kPa).
 B. Line Test Pressure for Refrigerant R-407C:1. Suction Lines for Air-Conditioning Applications: 230 psig (1586 kPa).2. Suction Lines for Heat-Pump Applications: 380 psig (2620 kPa).3. Hot-Gas and Liquid Lines: 380 psig (2620 kPa).
 C. Line Test Pressure for Refrigerant R-410A:1. Suction Lines for Air-Conditioning Applications: 300 psig (2068 kPa).2. Suction Lines for Heat-Pump Applications: 535 psig (3689 kPa).3. Hot-Gas and Liquid Lines: 535 psig (3689 kPa).
 2.2 COPPER TUBE AND FITTINGS
 A. Copper Tube: ASTM B 280, Type ACR.
 B. Wrought-Copper Fittings: ASME B16.22.
 C. Wrought-Copper Unions: ASME B16.22.
 D. Solder Filler Metals: ASTM B 32. Use 95-5 tin antimony or alloy HB solder to join copper socket fittings on copper pipe.
 E. Brazing Filler Metals: AWS A5.8/A5.8M.
 F. Flexible Connectors:1. Body: Tin-bronze bellows with woven, flexible, tinned-bronze-wire-reinforced protective
 jacket.2. End Connections: Socket ends.3. Offset Performance: Capable of minimum 3/4-inch (20-mm) misalignment in minimum
 7-inch- (180-mm-) long assembly.4. Working Pressure Rating: Factory test at minimum 500 psig (3450 kPa).5. Maximum Operating Temperature: 250 deg F (121 deg C).
 2.3 VALVES AND SPECIALTIES
 A. Diaphragm Packless Valves:1. Body and Bonnet: Forged brass or cast bronze; globe design with straight-through or
 angle pattern.2. Diaphragm: Phosphor bronze and stainless steel with stainless-steel spring.
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 3. Operator: Rising stem and hand wheel.4. Seat: Nylon.5. End Connections: Socket, union, or flanged.6. Working Pressure Rating: 500 psig (3450 kPa).7. Maximum Operating Temperature: 275 deg F (135 deg C).
 B. Packed-Angle Valves:1. Body and Bonnet: Forged brass or cast bronze.2. Packing: Molded stem, back seating, and replaceable under pressure.3. Operator: Rising stem.4. Seat: Nonrotating, self-aligning polytetrafluoroethylene.5. Seal Cap: Forged-brass or valox hex cap.6. End Connections: Socket, union, threaded, or flanged.7. Working Pressure Rating: 500 psig (3450 kPa).8. Maximum Operating Temperature: 275 deg F (135 deg C).
 C. Check Valves:1. Body: Ductile iron, forged brass, or cast bronze; globe pattern.2. Bonnet: Bolted ductile iron, forged brass, or cast bronze; or brass hex plug.3. Piston: Removable polytetrafluoroethylene seat.4. Closing Spring: Stainless steel.5. Manual Opening Stem: Seal cap, plated-steel stem, and graphite seal.6. End Connections: Socket, union, threaded, or flanged.7. Maximum Opening Pressure: 0.50 psig (3.4 kPa).8. Working Pressure Rating: 500 psig (3450 kPa).9. Maximum Operating Temperature: 275 deg F (135 deg C).
 D. Service Valves:1. Body: Forged brass with brass cap including key end to remove core.2. Core: Removable ball-type check valve with stainless-steel spring.3. Seat: Polytetrafluoroethylene.4. End Connections: Copper spring.5. Working Pressure Rating: 500 psig (3450 kPa).
 E. Solenoid Valves: Comply with AHRI 760 and UL 429; listed and labeled by a National Recognized Testing Laboratory (NRTL).1. Body and Bonnet: Plated steel.2. Solenoid Tube, Plunger, Closing Spring, and Seat Orifice: Stainless steel.3. Seat: Polytetrafluoroethylene.4. End Connections: Threaded.5. Electrical: Molded, watertight coil in NEMA 250 enclosure of type required by location
 with 1/2-inch (16-GRC) conduit adapter, and 24-V ac coil.6. Working Pressure Rating: 400 psig (2760 kPa).7. Maximum Operating Temperature: 240 deg F (116 deg C).
 F. Safety Relief Valves: Comply with 2010 ASME Boiler and Pressure Vessel Code; listed and labeled by an NRTL.1. Body and Bonnet: Ductile iron and steel, with neoprene O-ring seal.2. Piston, Closing Spring, and Seat Insert: Stainless steel.3. Seat: Polytetrafluoroethylene.
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 4. End Connections: Threaded.5. Working Pressure Rating: 400 psig (2760 kPa).6. Maximum Operating Temperature: 240 deg F (116 deg C).
 G. Thermostatic Expansion Valves: Comply with AHRI 750.1. Body, Bonnet, and Seal Cap: Forged brass or steel.2. Diaphragm, Piston, Closing Spring, and Seat Insert: Stainless steel.3. Packing and Gaskets: Non-asbestos.4. Capillary and Bulb: Copper tubing filled with refrigerant charge.5. Suction Temperature: 40 deg F (4.4 deg C).6. Superheat: Adjustable.7. Reverse-flow option (for heat-pump applications).8. End Connections: Socket, flare, or threaded union.9. Working Pressure Rating: 450 psig (3100 kPa).
 H. Hot-Gas Bypass Valves: Comply with UL 429; listed and labeled by an NRTL.1. Body, Bonnet, and Seal Cap: Ductile iron or steel.2. Diaphragm, Piston, Closing Spring, and Seat Insert: Stainless steel.3. Packing and Gaskets: Non-asbestos.4. Solenoid Tube, Plunger, Closing Spring, and Seat Orifice: Stainless steel.5. Seat: Polytetrafluoroethylene.6. Equalizer: Internal.7. Electrical: Molded, watertight coil in NEMA 250 enclosure of type required by location
 with 1/2-inch (16-GRC) conduit adapter and 24-V ac coil.8. End Connections: Socket.9. Throttling Range: Maximum 5 psig (34 kPa).10. Working Pressure Rating: 500 psig (3450 kPa).11. Maximum Operating Temperature: 240 deg F (116 deg C).
 I. Straight-Type Strainers:1. Body: Welded steel with corrosion-resistant coating.2. Screen: 100-mesh stainless steel.3. End Connections: Socket or flare.4. Working Pressure Rating: 500 psig (3450 kPa).5. Maximum Operating Temperature: 275 deg F (135 deg C).
 J. Angle-Type Strainers:1. Body: Forged brass or cast bronze.2. Drain Plug: Brass hex plug.3. Screen: 100-mesh monel.4. End Connections: Socket or flare.5. Working Pressure Rating: 500 psig (3450 kPa).6. Maximum Operating Temperature: 275 deg F (135 deg C).
 K. Moisture/Liquid Indicators:1. Body: Forged brass.2. Window: Replaceable, clear, fused glass window with indicating element protected by
 filter screen.3. Indicator: Color coded to show moisture content in parts per million (ppm).4. Minimum Moisture Indicator Sensitivity: Indicate moisture above 60 ppm.
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 5. End Connections: Socket or flare.6. Working Pressure Rating: 500 psig (3450 kPa).7. Maximum Operating Temperature: 240 deg F (116 deg C).
 L. Replaceable-Core Filter Dryers: Comply with AHRI 730.1. Body and Cover: Painted-steel shell with ductile-iron cover, stainless-steel screws, and
 neoprene gaskets.2. Filter Media: 10 micron, pleated with integral end rings; stainless-steel support.3. Desiccant Media: Activated [alumina] [charcoal].4. Designed for reverse flow (for heat-pump applications).5. End Connections: Socket.6. Access Ports: NPS 1/4 (DN 8) connections at entering and leaving sides for pressure
 differential measurement.7. Maximum Pressure Loss: [2 psig (14 kPa)] <Insert value>.8. Rated Flow: <Insert tons (kW)>.9. Working Pressure Rating: 500 psig (3450 kPa).10. Maximum Operating Temperature: 240 deg F (116 deg C).
 M. Permanent Filter Dryers: Comply with AHRI 730.1. Body and Cover: Painted-steel shell.2. Filter Media: 10 micron, pleated with integral end rings; stainless-steel support.3. Desiccant Media: Activated [alumina] [charcoal].4. Designed for reverse flow (for heat-pump applications).5. End Connections: Socket.6. Access Ports: NPS 1/4 (DN 8) connections at entering and leaving sides for pressure
 differential measurement.7. Maximum Pressure Loss: [2 psig (14 kPa)] <Insert value>.8. Rated Flow: <Insert tons (kW)>.9. Working Pressure Rating: 500 psig (3450 kPa).10. Maximum Operating Temperature: 240 deg F (116 deg C).
 2.4 REFRIGERANTS
 A. ASHRAE 34, R-407C: Difluoromethane/Pentafluoroethane/1,1,1,2-Tetrafluoroethane.
 B. ASHRAE 34, R-410A: Pentafluoroethane/Difluoromethane.
 PART 3 - EXECUTION
 3.1 PIPING APPLICATIONS FOR REFRIGERANT R-134a
 A. Suction Lines: Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with brazed or soldered joints.
 B. Hot-Gas and Liquid Lines: Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with brazed or soldered joints.

Page 207
						

RICHMOND POLICE EQUESTRIAN CENTERCITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 REFRIGERANT PIPING 232300 - 6
 C. Safety-Relief-Valve Discharge Piping: Copper, Type ACR, drawn-temper tubing and wrought-copper fittings with soldered joints.
 3.2 PIPING APPLICATIONS FOR REFRIGERANT R-407C
 A. Suction Lines: Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with brazed or soldered joints.
 B. Hot-Gas and Liquid Lines: Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with brazed or soldered joints.
 C. Safety-Relief-Valve Discharge Piping: Copper, Type ACR, drawn-temper tubing and wrought-copper fittings with soldered joints.
 3.3 PIPING APPLICATIONS FOR REFRIGERANT R-410A
 A. Suction Lines: Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with brazed or soldered joints.
 B. Hot-Gas and Liquid Lines: Copper, Type ACR, annealed- or drawn-temper tubing and wrought-copper fittings with brazed or soldered joints.
 C. Safety-Relief-Valve Discharge Piping: Copper, Type ACR, annealed- or drawn-temper tubing and wrought-copper fittings with brazed or soldered joints.
 3.4 VALVE AND SPECIALTY APPLICATIONS
 A. Install packed-angle valves in suction and discharge lines of compressor.
 B. Install service valves for gage taps at inlet and outlet of hot-gas bypass valves and strainers if they are not an integral part of valves and strainers.
 C. Install a check valve at the compressor discharge and a liquid accumulator at the compressor suction connection.
 D. Except as otherwise indicated, install packed-angle valves on inlet and outlet side of filter dryers.
 E. Install a full-size, three-valve bypass around filter dryers.
 F. Install solenoid valves upstream from each expansion valve and hot-gas bypass valve. Install solenoid valves in horizontal lines with coil at top.
 G. Install thermostatic expansion valves as close as possible to distributors on evaporators.1. Install valve so diaphragm case is warmer than bulb.2. Secure bulb to clean, straight, horizontal section of suction line using two bulb straps. Do
 not mount bulb in a trap or at bottom of the line.
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 3. If external equalizer lines are required, make connection where it will reflect suction-line pressure at bulb location.
 H. Install safety relief valves where required by 2010 ASME Boiler and Pressure Vessel Code. Pipe safety-relief-valve discharge line to outside according to ASHRAE 15.
 I. Install moisture/liquid indicators in liquid line at the inlet of the thermostatic expansion valve or at the inlet of the evaporator coil capillary tube.
 J. Install strainers upstream from and adjacent to the following unless they are furnished as an integral assembly for the device being protected:1. Solenoid valves.2. Thermostatic expansion valves.3. Hot-gas bypass valves.4. Compressor.
 K. Install filter dryers in liquid line between compressor and thermostatic expansion valve, and in the suction line at the compressor.
 L. Install receivers sized to accommodate pump-down charge.
 M. Install flexible connectors at compressors.
 3.5 PIPING INSTALLATION
 A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems; indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations. Install piping as indicated unless deviations to layout are approved on Shop Drawings.
 B. Install refrigerant piping according to ASHRAE 15.
 C. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
 D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.
 E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
 F. Install piping adjacent to machines to allow service and maintenance.
 G. Install piping free of sags and bends.
 H. Install fittings for changes in direction and branch connections.
 I. Select system components with pressure rating equal to or greater than system operating pressure.
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 J. Refer to Section 230923 "Direct Digital Control (DDC) System for HVAC" and Section 230993.11 "Sequence of Operations for HVAC DDC" for solenoid valve controllers, control wiring, and sequence of operation.
 K. Install piping as short and direct as possible, with a minimum number of joints, elbows, and fittings.
 L. Arrange piping to allow inspection and service of refrigeration equipment. Install valves and specialties in accessible locations to allow for service and inspection. Install access doors or panels as specified in Section 083113 "Access Doors and Frames" if valves or equipment requiring maintenance is concealed behind finished surfaces.
 M. Install refrigerant piping in protective conduit where installed belowground.
 N. Install refrigerant piping in rigid or flexible conduit in locations where exposed to mechanical injury.
 O. Slope refrigerant piping as follows:1. Install horizontal hot-gas discharge piping with a uniform slope downward away from
 compressor.2. Install horizontal suction lines with a uniform slope downward to compressor.3. Install traps and double risers to entrain oil in vertical runs.4. Liquid lines may be installed level.
 P. When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove valve stems, seats, and packing, and accessible internal parts of refrigerant specialties. Do not apply heat near expansion-valve bulb.
 Q. Install piping with adequate clearance between pipe and adjacent walls and hangers or between pipes for insulation installation.
 R. Identify refrigerant piping and valves according to Section 230553 "Identification for HVAC Piping and Equipment."
 S. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."
 T. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."
 U. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC Piping."
 3.6 PIPE JOINT CONSTRUCTION
 A. Ream ends of pipes and tubes and remove burrs.
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 B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
 C. Soldered Joints: Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook."
 D. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," Chapter "Pipe and Tube."1. Use Type BCuP (copper-phosphorus) alloy for joining copper socket fittings with copper
 pipe.2. Use Type BAg (cadmium-free silver) alloy for joining copper with bronze or steel.
 3.7 HANGERS AND SUPPORTS
 A. Comply with requirements for pipe hangers and supports specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
 B. Install the following pipe attachments:1. Adjustable steel clevis hangers for individual horizontal runs less than 20 feet (6 m) long.2. Roller hangers and spring hangers for individual horizontal runs 20 feet (6 m) or longer.3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet (6 m) or longer,
 supported on a trapeze.4. Spring hangers to support vertical runs.5. Copper-clad hangers and supports for hangers and supports in direct contact with copper
 pipe.
 C. Install hangers for copper tubing with the following maximum spacing and minimum rod diameters:1. NPS 1/2 (DN 15): Maximum span, 60 inches (1500 mm); minimum rod, 1/4 inch (6.4
 mm).2. NPS 5/8 (DN 18): Maximum span, 60 inches (1500 mm); minimum rod, 1/4 inch (6.4
 mm).3. NPS 1 (DN 25): Maximum span, 72 inches (1800 mm); minimum rod, 1/4 inch (6.4 mm).
 D. Support multifloor vertical runs at least at each floor.
 3.8 FIELD QUALITY CONTROL
 A. Perform the following tests and inspections:1. Comply with ASME B31.5, Chapter VI.2. Test refrigerant piping, specialties, and receivers. Isolate compressor, condenser,
 evaporator, and safety devices from test pressure if they are not rated above the test pressure.
 3. Test high- and low-pressure side piping of each system separately at not less than the pressures indicated in "Performance Requirements" Article.a. Fill system with nitrogen to the required test pressure.b. System shall maintain test pressure at the manifold gage throughout duration of
 test.
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 c. Test joints and fittings with electronic leak detector or by brushing a small amount of soap and glycerin solution over joints.
 d. Remake leaking joints using new materials, and retest until satisfactory results are achieved.
 B. Prepare test and inspection reports.
 3.9 SYSTEM CHARGING
 A. Charge system using the following procedures:1. Install core in filter dryers after leak test but before evacuation.2. Evacuate entire refrigerant system with a vacuum pump to 500 micrometers (67 Pa). If
 vacuum holds for 12 hours, system is ready for charging.3. Break vacuum with refrigerant gas, allowing pressure to build up to 2 psig (14 kPa).4. Charge system with a new filter-dryer core in charging line.
 3.10 ADJUSTING
 A. Adjust thermostatic expansion valve to obtain proper evaporator superheat.
 B. Adjust high- and low-pressure switch settings to avoid short cycling in response to fluctuating suction pressure.
 C. Adjust set-point temperature of air-conditioning or chilled-water controllers to the system design temperature.
 D. Perform the following adjustments before operating the refrigeration system, according to manufacturer's written instructions:1. Open shutoff valves in condenser water circuit.2. Verify that compressor oil level is correct.3. Open compressor suction and discharge valves.4. Open refrigerant valves except bypass valves that are used for other purposes.5. Check open compressor-motor alignment and verify lubrication for motors and bearings.
 E. Replace core of replaceable filter dryer after system has been adjusted and after design flow rates and pressures are established.
 END OF SECTION
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 SECTION 233113 - METAL DUCTS
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Section Includes:1. Single-wall rectangular ducts and fittings.2. Double-wall rectangular ducts and fittings.3. Single-wall round ducts and fittings.4. Double-wall round and flat-oval ducts and fittings.5. Sheet metal materials.6. Duct liner.7. Sealants and gaskets.8. Hangers and supports.
 B. Related Sections:1. Section 230593 "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, and
 balancing requirements for metal ducts.2. Section 233116 "Nonmetal Ducts" for fibrous-glass ducts, thermoset fiber-reinforced
 plastic ducts, thermoplastic ducts, PVC ducts, and concrete ducts.3. Section 233119 "HVAC Casings" for factory- and field-fabricated casings for mechanical
 equipment.4. Section 233300 "Air Duct Accessories" for dampers, sound-control devices, duct-
 mounting access doors and panels, turning vanes, and flexible ducts.
 1.3 PERFORMANCE REQUIREMENTS
 A. Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam and joint construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and performance requirements and design criteria indicated in "Duct Schedule" Article.
 1.4 ACTION SUBMITTALS
 A. Product Data: For each type of the following products:1. Liners and adhesives.2. Sealants and gaskets.3. Seismic-restraint devices.
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 B. Shop Drawings:1. Fabrication, assembly, and installation, including plans, elevations, sections, components,
 and attachments to other work.2. Factory- and shop-fabricated ducts and fittings.3. Duct layout indicating sizes, configuration, liner material, and static-pressure classes.4. Elevation of top of ducts.5. Dimensions of main duct runs from building grid lines.6. Fittings.7. Reinforcement and spacing.8. Seam and joint construction.9. Penetrations through fire-rated and other partitions.10. Equipment installation based on equipment being used on Project.11. Locations for duct accessories, including dampers, turning vanes, and access doors and
 panels.12. Hangers and supports, including methods for duct and building attachment and vibration
 isolation.
 C. Delegated-Design Submittal:1. Sheet metal thicknesses.2. Joint and seam construction and sealing.3. Reinforcement details and spacing.4. Materials, fabrication, assembly, and spacing of hangers and supports.
 1.5 INFORMATIONAL SUBMITTALS
 A. Coordination Drawings: Plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:1. Duct installation in congested spaces, indicating coordination with general construction,
 building components, and other building services. Indicate proposed changes to duct layout.
 2. Suspended ceiling components.3. Structural members to which duct will be attached.4. Size and location of initial access modules for acoustical tile.5. Penetrations of smoke barriers and fire-rated construction.6. Items penetrating finished ceiling including the following:
 a. Lighting fixtures.b. Air outlets and inlets.c. Speakers.d. Sprinklers.e. Access panels.f. Perimeter moldings.
 B. Welding certificates.
 C. Field quality-control reports.
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 1.6 QUALITY ASSURANCE
 A. Welding Qualifications: Qualify procedures and personnel according to the following:1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports.2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum supports.3. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding.
 B. Mockups:1. Before installing duct systems, build mockups representing static-pressure classes in
 excess of 3-inch wg (750 Pa). Build mockups to comply with the following requirements, using materials indicated for the completed Work: a. Five transverse joints.b. One access door(s).c. Two typical branch connections, each with at least one elbow.d. Two typical flexible duct or flexible-connector connections for each duct and
 apparatus.e. One 90-degree turn(s) with turning vanes.f. One fire damper(s).g. Perform leakage tests specified in "Field Quality Control" Article. Revise mockup
 construction and perform additional tests as required to achieve specified minimum acceptable results.
 2. Approved mockups may become part of the completed Work if undisturbed at time of Substantial Completion.
 PART 2 - PRODUCTS
 2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS
 A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise indicated.
 B. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
 C. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
 D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 4, "Fittings and Other Construction," for static-pressure class, applicable
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 sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
 2.2 DOUBLE-WALL RECTANGULAR DUCTS AND FITTINGS
 A. Rectangular Ducts: Fabricate ducts with indicated dimensions for the inner duct.
 B. Outer Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise indicated.
 C. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
 D. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
 E. Interstitial Insulation: Fibrous-glass liner complying with ASTM C 1071, NFPA 90A, or NFPA 90B; and with NAIMA AH124, "Fibrous Glass Duct Liner Standard."1. Maximum Thermal Conductivity: 0.27 Btu x in./h x sq. ft. x deg F (0.039 W/m x K) at
 75 deg F (24 deg C) mean temperature.2. Install spacers that position the inner duct at uniform distance from outer duct without
 compressing insulation.3. Coat insulation with antimicrobial coating.4. Cover insulation with polyester film complying with UL 181, Class 1.
 F. Inner Duct: Minimum 0.028-inch (0.7-mm) perforated galvanized sheet steel having 3/32-inch- (2.4-mm-) diameter perforations, with overall open area of 23 percent.
 G. Formed-on Transverse Joints (Flanges): Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Traverse Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
 H. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
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 2.3 SINGLE-WALL ROUND DUCTS AND FITTINGS
 A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on indicated static-pressure class unless otherwise indicated.
 ."
 B. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."1. Transverse Joints in Ducts Larger Than 60 Inches (1524 mm) in Diameter: Flanged.
 C. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."1. Fabricate round ducts larger than 90 inches (2286 mm) in diameter with butt-welded
 longitudinal seams.2. Fabricate flat-oval ducts larger than 72 inches (1830 mm) in width (major dimension)
 with butt-welded longitudinal seams.
 D. Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
 2.4 DOUBLE-WALL ROUND AND FLAT-OVAL DUCTS AND FITTINGS
 A. Flat-Oval Ducts: Indicated dimensions are the duct width (major dimension) and diameter of the round sides connecting the flat portions of the duct (minor dimension) of the inner duct.
 B. Outer Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on static-pressure class unless otherwise indicated.1. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct
 Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."a. Transverse Joints in Ducts Larger Than 60 Inches (1524 mm) in Diameter:
 Flanged.2. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC
 Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials
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 involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."a. Fabricate round ducts larger than 90 inches (2286 mm) in diameter with butt-
 welded longitudinal seams.b. Fabricate flat-oval ducts larger than 72 inches (1830 mm) in width (major
 dimension) with butt-welded longitudinal seams.3. Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct
 Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
 C. Inner Duct: Minimum 0.028-inch (0.7-mm) perforated galvanized sheet steel having 3/32-inch- (2.4-mm-) diameter perforations, with overall open area of 23 percent.
 D. Interstitial Insulation: Fibrous-glass liner complying with ASTM C 1071, NFPA 90A, or NFPA 90B; and with NAIMA AH124, "Fibrous Glass Duct Liner Standard."1. Maximum Thermal Conductivity: 0.27 Btu x in./h x sq. ft. x deg F (0.039 W/m x K) at
 75 deg F (24 deg C) mean temperature.2. Install spacers that position the inner duct at uniform distance from outer duct without
 compressing insulation.3. Coat insulation with antimicrobial coating.4. Cover insulation with polyester film complying with UL 181, Class 1.
 2.5 SHEET METAL MATERIALS
 A. General Material Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.
 B. Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.1. Galvanized Coating Designation: G60 (Z180).2. Finishes for Surfaces Exposed to View: Mill phosphatized.
 C. Aluminum Sheets: Comply with ASTM B 209 (ASTM B 209M) Alloy 3003, H14 temper; with mill finish for concealed ducts, and standard, one-side bright finish for duct surfaces exposed to view.
 D. Factory- or Shop-Applied Antimicrobial Coating:1. Apply to the surface of sheet metal that will form the interior surface of the duct. An
 untreated clear coating shall be applied to the exterior surface.2. Antimicrobial compound shall be tested for efficacy by an NRTL and registered by the
 EPA for use in HVAC systems.3. Coating containing the antimicrobial compound shall have a hardness of 2H, minimum,
 when tested according to ASTM D 3363.4. Surface-Burning Characteristics: Maximum flame-spread index of 25 and maximum
 smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.5. Shop-Applied Coating Color: Black.
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 6. Antimicrobial coating on sheet metal is not required for duct containing liner treated with antimicrobial coating.
 E. Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum
 ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.
 F. Tie Rods: Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 inches (900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm).
 2.6 DUCT LINER
 A. Fibrous-Glass Duct Liner: Comply with ASTM C 1071, NFPA 90A, or NFPA 90B; and with NAIMA AH124, "Fibrous Glass Duct Liner Standard."
 a. Maximum Thermal Conductivity:1) Type I, Flexible: 0.27 Btu x in./h x sq. ft. x deg F (0.039 W/m x K) at 75
 deg F (24 deg C) mean temperature.2. Antimicrobial Erosion-Resistant Coating: Apply to the surface of the liner that will form
 the interior surface of the duct to act as a moisture repellent and erosion-resistant coating. Antimicrobial compound shall be tested for efficacy by an NRTL and registered by the EPA for use in HVAC systems.
 3. Water-Based Liner Adhesive: Comply with NFPA 90A or NFPA 90B and with ASTM C 916.a. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 B. Insulation Pins and Washers:1. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully
 annealed for capacitor-discharge welding, 0.106-inch- (2.6-mm-) diameter shank, length to suit depth of insulation indicated with integral 1-1/2-inch (38-mm) galvanized carbon-steel washer.
 2. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- (0.41-mm-) thick galvanized steel; with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches (38 mm) in diameter.
 C. Shop Application of Duct Liner: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 7-11, "Flexible Duct Liner Installation."1. Adhere a single layer of indicated thickness of duct liner with at least 90 percent adhesive
 coverage at liner contact surface area. Attaining indicated thickness with multiple layers of duct liner is prohibited.
 2. Apply adhesive to transverse edges of liner facing upstream that do not receive metal nosing.
 3. Butt transverse joints without gaps, and coat joint with adhesive.4. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-
 edge overlapping.5. Do not apply liner in rectangular ducts with longitudinal joints, except at corners of ducts,
 unless duct size and dimensions of standard liner make longitudinal joints necessary.
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 6. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm (12.7 m/s).
 7. Secure liner with mechanical fasteners 4 inches (100 mm) from corners and at intervals not exceeding 12 inches (300 mm) transversely; at 3 inches (75 mm) from transverse joints and at intervals not exceeding 18 inches (450 mm) longitudinally.
 8. Secure transversely oriented liner edges facing the airstream with metal nosings that have either channel or "Z" profiles or are integrally formed from duct wall. Fabricate edge facings at the following locations:a. Fan discharges.b. Intervals of lined duct preceding unlined duct.c. Upstream edges of transverse joints in ducts where air velocities are higher than
 2500 fpm (12.7 m/s) or where indicated.9. Secure insulation between perforated sheet metal inner duct of same thickness as
 specified for outer shell. Use mechanical fasteners that maintain inner duct at uniform distance from outer shell without compressing insulation.a. Sheet Metal Inner Duct Perforations: 3/32-inch (2.4-mm) diameter, with an overall
 open area of 23 percent.10. Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, turning
 vane assemblies, or other devices. Fabricated buildouts (metal hat sections) or other buildout means are optional; when used, secure buildouts to duct walls with bolts, screws, rivets, or welds.
 2.7 SEALANT AND GASKETS
 A. General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.
 B. Two-Part Tape Sealing System:1. Tape: Woven cotton fiber impregnated with mineral gypsum and modified
 acrylic/silicone activator to react exothermically with tape to form hard, durable, airtight seal.
 2. Tape Width: [3 inches (76 mm)] [4 inches (102 mm)] [6 inches (152 mm)].3. Sealant: Modified styrene acrylic.4. Water resistant.5. Mold and mildew resistant.6. Maximum Static-Pressure Class: 10-inch wg (2500 Pa), positive and negative.7. Service: Indoor and outdoor.8. Service Temperature: Minus 40 to plus 200 deg F (Minus 40 to plus 93 deg C).9. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
 steel, or aluminum.10. For indoor applications, sealant shall have a VOC content of 250 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 C. Water-Based Joint and Seam Sealant:1. Application Method: Brush on.2. Solids Content: Minimum 65 percent.3. Shore A Hardness: Minimum 20.4. Water resistant.
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 5. Mold and mildew resistant.6. VOC: Maximum 75 g/L (less water).7. Maximum Static-Pressure Class: 10-inch wg (2500 Pa), positive and negative.8. Service: Indoor or outdoor.9. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
 steel, or aluminum sheets.
 D. Flanged Joint Sealant: Comply with ASTM C 920.1. General: Single-component, acid-curing, silicone, elastomeric.2. Type: S.3. Grade: NS.4. Class: 25.5. Use: O.6. For indoor applications, sealant shall have a VOC content of 250 g/L or less when
 calculated according to 40 CFR 59, Subpart D (EPA Method 24).
 E. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
 F. Round Duct Joint O-Ring Seals:1. Seal shall provide maximum leakage class of3 cfm/100 sq. ft. at 1-inch wg (0.14 L/s per
 sq. m at 250 Pa) and shall be rated for10-inch wg (2500-Pa) static-pressure class, positive or negative.
 2. EPDM O-ring to seal in concave bead in coupling or fitting spigot.3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings
 and fitting spigots.
 2.8 HANGERS AND SUPPORTS
 A. Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.
 B. Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or galvanized rods with threads painted with zinc-chromate primer after installation.
 C. Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1 (Table 5-1M), "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct."
 D. Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A 603.
 E. Steel Cables for Stainless-Steel Ducts: Stainless steel complying with ASTM A 492.
 F. Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, and bolts designed for duct hanger service; with an automatic-locking and clamping device.
 G. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
 H. Trapeze and Riser Supports:1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.
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 2. Supports for Stainless-Steel Ducts: Stainless-steel shapes and plates.3. Supports for Aluminum Ducts: Aluminum or galvanized steel coated with zinc chromate.
 PART 3 - EXECUTION
 3.1 DUCT INSTALLATION
 A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct system. Indicated duct locations, configurations, and arrangements were used to size ducts and calculate friction loss for air-handling equipment sizing and for other design considerations. Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and Coordination Drawings.
 B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" unless otherwise indicated.
 C. Install round and flat-oval ducts in maximum practical lengths.
 D. Install ducts with fewest possible joints.
 E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch connections.
 F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and perpendicular to building lines.
 G. Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building.
 H. Install ducts with a clearance of 1 inch (25 mm), plus allowance for insulation thickness.
 I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and enclosures.
 J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to view, cover the opening between the partition and duct or duct insulation with sheet metal flanges of same metal thickness as the duct. Overlap openings on four sides by at least 1-1/2 inches (38 mm).
 K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers. Comply with requirements in Section 233300 "Air Duct Accessories" for fire and smoke dampers.
 L. Protect duct interiors from moisture, construction debris and dust, and other foreign materials. Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under Construction," Appendix G, "Duct Cleanliness for New Construction Guidelines."
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 3.2 INSTALLATION OF EXPOSED DUCTWORK
 A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged.
 B. Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use two-part tape sealing system.
 C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, and treat the welds to remove discoloration caused by welding.
 D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings, hangers and supports, duct accessories, and air outlets.
 E. Repair or replace damaged sections and finished work that does not comply with these requirements.
 3.3 DUCT SEALING
 A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
 B. Seal ducts to the following seal classes according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible":1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."2. Outdoor, Supply-Air Ducts: Seal Class A.3. Outdoor, Exhaust Ducts: Seal Class C.4. Outdoor, Return-Air Ducts: Seal Class C.5. Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg (500 Pa) and
 Lower: Seal Class B.6. Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg (500
 Pa): Seal Class A.7. Unconditioned Space, Exhaust Ducts: Seal Class C.8. Unconditioned Space, Return-Air Ducts: Seal Class B.9. Conditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg (500 Pa) and Lower:
 Seal Class C.10. Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg (500
 Pa): Seal Class B.11. Conditioned Space, Exhaust Ducts: Seal Class B.12. Conditioned Space, Return-Air Ducts: Seal Class C.
 3.4 HANGER AND SUPPORT INSTALLATION
 A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5, "Hangers and Supports."
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 B. Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel fasteners appropriate for construction materials to which hangers are being attached.1. Where practical, install concrete inserts before placing concrete.2. Install powder-actuated concrete fasteners after concrete is placed and completely cured.3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for
 slabs more than 4 inches (100 mm) thick.4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for
 slabs less than 4 inches (100 mm) thick.5. Do not use powder-actuated concrete fasteners for seismic restraints.
 C. Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1 (Table 5-1M), "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports within 24 inches (610 mm) of each elbow and within 48 inches (1200 mm) of each branch intersection.
 D. Hangers Exposed to View: Threaded rod and angle or channel supports.
 E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16 feet (5 m).
 F. Install upper attachments to structures. Select and size upper attachments with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
 3.5 CONNECTIONS
 A. Make connections to equipment with flexible connectors complying with Section 233300 "Air Duct Accessories."
 B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch, outlet and inlet, and terminal unit connections.
 3.6 PAINTING
 A. Paint interior of metal ducts that are visible through registers and grilles and that do not have duct liner. Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer. Paint materials and application requirements are specified in Section 099113 "Exterior Painting" and Section 099123 "Interior Painting."
 3.7 FIELD QUALITY CONTROL
 A. Perform tests and inspections.
 B. Leakage Tests:
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 1. Comply with SMACNA's "HVAC Air Duct Leakage Test Manual." Submit a test report for each test.
 2. Test the following systems:a. Ducts with a Pressure Class Higher Than 3-Inch wg (750 Pa): Test representative
 duct sections, selected by Architect from sections installed, totaling no less than 25 percent of total installed duct area for each designated pressure class.
 3. Disassemble, reassemble, and seal segments of systems to accommodate leakage testing and for compliance with test requirements.
 4. Test for leaks before applying external insulation.5. Conduct tests at static pressures equal to maximum design pressure of system or section
 being tested. If static-pressure classes are not indicated, test system at maximum system design pressure. Do not pressurize systems above maximum design operating pressure.
 6. Give seven days' advance notice for testing.
 C. Duct System Cleanliness Tests:1. Visually inspect duct system to ensure that no visible contaminants are present.2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness according
 to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and Restoration of HVAC Systems."a. Acceptable Cleanliness Level: Net weight of debris collected on the filter media
 shall not exceed 0.75 mg/100 sq. cm.
 D. Duct system will be considered defective if it does not pass tests and inspections.
 E. Prepare test and inspection reports.
 3.8 DUCT CLEANING
 A. Clean new and existing duct system(s) before testing, adjusting, and balancing.
 B. Use service openings for entry and inspection.1. Create new openings and install access panels appropriate for duct static-pressure class if
 required for cleaning access. Provide insulated panels for insulated or lined duct. Patch insulation and liner as recommended by duct liner manufacturer. Comply with Section 233300 "Air Duct Accessories" for access panels and doors.
 2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection.3. Remove and reinstall ceiling to gain access during the cleaning process.
 C. Particulate Collection and Odor Control:1. When venting vacuuming system inside the building, use HEPA filtration with 99.97
 percent collection efficiency for 0.3-micron-size (or larger) particles.2. When venting vacuuming system to outdoors, use filter to collect debris removed from
 HVAC system, and locate exhaust downwind and away from air intakes and other points of entry into building.
 D. Clean the following components by removing surface contaminants and deposits:1. Air outlets and inlets (registers, grilles, and diffusers).
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 2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive assemblies.
 3. Air-handling unit internal surfaces and components including mixing box, coil section, air wash systems, spray eliminators, condensate drain pans, humidifiers and dehumidifiers, filters and filter sections, and condensate collectors and drains.
 4. Coils and related components.5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and
 mechanical equipment rooms.6. Supply-air ducts, dampers, actuators, and turning vanes.7. Dedicated exhaust and ventilation components and makeup air systems.
 E. Mechanical Cleaning Methodology:1. Clean metal duct systems using mechanical cleaning methods that extract contaminants
 from within duct systems and remove contaminants from building.2. Use vacuum-collection devices that are operated continuously during cleaning. Connect
 vacuum device to downstream end of duct sections so areas being cleaned are under negative pressure.
 3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without damaging integrity of metal ducts, duct liner, or duct accessories.
 4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner to get wet. Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated or that has friable material, mold, or fungus growth.
 5. Clean coils and coil drain pans according to NADCA 1992. Keep drain pan operational. Rinse coils with clean water to remove latent residues and cleaning materials; comb and straighten fins.
 6. Provide drainage and cleanup for wash-down procedures.7. Antimicrobial Agents and Coatings: Apply EPA-registered antimicrobial agents if fungus
 is present. Apply antimicrobial agents according to manufacturer's written instructions after removal of surface deposits and debris.
 3.9 START UP
 A. Air Balance: Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing for HVAC."
 3.10 DUCT SCHEDULE
 A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows:1. Underground Ducts: Concrete-encased,.
 B. Supply Ducts:1. Ducts Connected to Fan Coil Units and Terminal Units – FCU, OAV:
 a. Pressure Class: Positive 2-inch wg (500 Pa).b. Minimum SMACNA Seal Class: B.c. SMACNA Leakage Class for Rectangular: 12.d. SMACNA Leakage Class for Round and Flat Oval: 12.
 2. Ducts Connected to Single-Zone Variable-Volume Air-Handling Units - AHU :
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 a. Pressure Class: Positive 2-inch wg (500 Pa)b. Minimum SMACNA Seal Class: B.c. SMACNA Leakage Class for Rectangular: 12.d. SMACNA Leakage Class for Round and Flat Oval: 12.
 3. Ducts Connected to Variable-Air-Volume Air-Handling Units – OAU, AHU:a. Pressure Class: Positive 4-inch wg (1000 Pa).b. Minimum SMACNA Seal Class: A.c. SMACNA Leakage Class for Rectangular: 6.d. SMACNA Leakage Class for Round and Flat Oval: 6.
 4. Ducts Connected to Equipment Not Listed Above:a. Pressure Class: Positive 2-inch wg (500 Pa).b. Minimum SMACNA Seal Class: B.c. SMACNA Leakage Class for Rectangular: 12.d. SMACNA Leakage Class for Round and Flat Oval: 12.
 C. Return Ducts:1. Ducts Connected to Fan Coil Units and Terminal Units – FCU, EAV:
 a. Pressure Class: Positive or negative 2-inch wg (500 Pa).b. Minimum SMACNA Seal Class: B.c. SMACNA Leakage Class for Rectangular: 12.d. SMACNA Leakage Class for Round and Flat Oval: 12.
 2. Ducts Connected to Air-Handling Units - AHU:a. Pressure Class: Positive or negative 2-inch wg (500 Pa).b. Minimum SMACNA Seal Class: A.c. SMACNA Leakage Class for Rectangular: 12.d. SMACNA Leakage Class for Round and Flat Oval: 12.
 3. Ducts Connected to Air-Handling Units - OAU:a. Pressure Class: Positive or negative 4-inch wg (500 Pa).b. Minimum SMACNA Seal Class: A.c. SMACNA Leakage Class for Rectangular: 6.d. SMACNA Leakage Class for Round and Flat Oval: 6.
 4. Ducts Connected to Equipment Not Listed Above:a. Pressure Class: Positive or negative 2-inch wg (500 Pa).b. Minimum SMACNA Seal Class: B.c. SMACNA Leakage Class for Rectangular: 6.d. SMACNA Leakage Class for Round and Flat Oval: 6.
 D. Exhaust Ducts:1. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air:
 a. Pressure Class: Negative 2-inch wg (500 Pa).b. Minimum SMACNA Seal Class: B if negative pressure, and A if positive
 pressure.c. SMACNA Leakage Class for Rectangular: 12.d. SMACNA Leakage Class for Round and Flat Oval: 12.
 2. Ducts Connected to Air-Handling Units - OAU:a. Pressure Class: Positive or negative 2-inch wg (500 Pa).b. Minimum SMACNA Seal Class: B if negative pressure, and A if positive
 pressure.c. SMACNA Leakage Class for Rectangular: 12.
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 d. SMACNA Leakage Class for Round and Flat Oval: 12.3. Ducts Connected to Equipment Not Listed Above:
 a. Pressure Class: Positive or negative 2-inch wg (500 Pa).b. Minimum SMACNA Seal Class: B if negative pressure, and A if positive
 pressure.c. SMACNA Leakage Class for Rectangular: 12.d. SMACNA Leakage Class for Round and Flat Oval: 12.
 E. Outdoor-Air (Not Filtered, Heated, or Cooled) Ducts:1. Ducts Connected to Air-Handling Units - OAU:
 a. Pressure Class: Positive or negative 2-inch wg (500 Pa).b. Minimum SMACNA Seal Class: B.c. SMACNA Leakage Class for Rectangular: 12.d. SMACNA Leakage Class for Round and Flat Oval: 12.
 2. Ducts Connected to Equipment Not Listed Above:a. Pressure Class: Positive or negative 2-inch wg (500 Pa).b. Minimum SMACNA Seal Class: B.c. SMACNA Leakage Class for Rectangular: 6.d. SMACNA Leakage Class for Round and Flat Oval: 6.
 F. Intermediate Reinforcement:1. Galvanized-Steel Ducts: Galvanized steel.2. Aluminum Ducts: Aluminum.
 G. Liner:1. See Insulation on plans
 H. Elbow Configuration:1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
 Metal and Flexible," Figure 4-2, "Rectangular Elbows."a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
 Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane Runners," and Figure 4-4, "Vane Support in Elbows."
 2. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-4, "Round Duct Elbows."a. Round Elbows, 12 Inches (305 mm) and Smaller in Diameter: Stamped or pleated.b. Round Elbows, 14 Inches (356 mm) and Larger in Diameter: .
 I. Branch Configuration:1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
 Metal and Flexible," Figure 4-6, "Branch Connection."a. Rectangular Main to Rectangular Branch: 45-degree entry.b. Rectangular Main to Round Branch: Spin in.
 2. Round and Flat Oval: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees." Saddle taps are permitted in existing duct.a. Velocity 1000 fpm (5 m/s) or Lower: 90-degree tap.b. Velocity 1000 to 1500 fpm (5 to 7.6 m/s): Conical tap.
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 c. Velocity 1500 fpm (7.6 m/s) or Higher: 45-degree lateral.
 END OF SECTION
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 SECTION 233300 - AIR DUCT ACCESSORIES
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Backdraft and pressure relief dampers.2. Manual volume dampers.3. Control dampers.4. Fire dampers.5. Flange connectors.6. Turning vanes.7. Duct-mounted access doors.8. Flexible connectors.9. Flexible ducts.10. Duct accessory hardware.
 B. Related Requirements:1. Section 233723 "HVAC Gravity Ventilators" for roof-mounted ventilator caps.2. Section 283111 "Digital, Addressable Fire-Alarm System" for duct-mounted fire and
 smoke detectors.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 B. Shop Drawings: For duct accessories. Include plans, elevations, sections, details and attachments to other work.1. Detail duct accessories fabrication and installation in ducts and other construction.
 Include dimensions, weights, loads, and required clearances; and method of field assembly into duct systems and other construction. Include the following:a. Special fittings.b. Manual volume damper installations.c. Control-damper installations.d. Fire-damper and smoke-damper installations, including sleeves; and duct-mounted
 access doors.e. Wiring Diagrams: For power, signal, and control wiring.
 1.3 CLOSEOUT SUBMITTALS
 A. Operation and maintenance data.
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 PART 2 - PRODUCTS
 2.1 ASSEMBLY DESCRIPTION
 A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."
 B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.
 2.2 MATERIALS
 A. Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.1. Galvanized Coating Designation: G60 (Z180).2. Exposed-Surface Finish: Mill phosphatized.
 B. Aluminum Sheets: Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, Temper H14; with mill finish for concealed ducts and standard, 1-side bright finish for exposed ducts.
 C. Extruded Aluminum: Comply with ASTM B 221 (ASTM B 221M), Alloy 6063, Temper T6.
 D. Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.
 E. Tie Rods: Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 inches (900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm).
 2.3 BACKDRAFT AND PRESSURE RELIEF DAMPERS
 A. Description: Gravity balanced.
 B. Maximum Air Velocity: 2000 fpm (10 m/s).
 C. Maximum System Pressure: 2-inch wg (0.5 kPa).
 D. Frame: Hat-shaped, 0.094-inch- (2.4-mm-) thick, galvanized sheet steel, with welded corners or mechanically attached and mounting flange.
 E. Blades: Multiple single-piece blades, end pivoted, maximum 6-inch (150-mm) width, 0.050-inch- (1.2-mm-) thick aluminum sheet with sealed edges.
 F. Blade Action: Parallel.
 G. Blade Seals: Neoprene, mechanically locked.
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 H. Blade Axles:1. Material: Nonferrous metal.2. Diameter: 0.20 inch (5 mm).
 I. Tie Bars and Brackets: Galvanized steel.
 J. Return Spring: Adjustable tension.
 K. Bearings: Steel ball or synthetic pivot bushings.
 L. Accessories:1. Adjustment device to permit setting for varying differential static pressure.2. Counterweights and spring-assist kits for vertical airflow installations.3. Electric actuators.4. Chain pulls.5. Screen Mounting: Front mounted in sleeve.
 a. Sleeve Thickness: 20 gage (1.0 mm) minimum.b. Sleeve Length: 6 inches (152 mm) minimum.
 6. Screen Mounting: Rear mounted.7. Screen Material: Aluminum.8. Screen Type: Insect.9. 90-degree stops.
 2.4 MANUAL VOLUME DAMPERS
 Show dampers on Drawings.
 A. Standard, Steel, Manual Volume Dampers:1. Standard leakage rating, with linkage outside airstream.2. Suitable for horizontal or vertical applications.3. Frames:
 a. Frame: Hat-shaped, 0.094-inch- (2.4-mm-) thick, galvanized sheet steel.b. Mitered and welded corners.c. Flanges for attaching to walls and flangeless frames for installing in ducts.
 4. Blades:a. Multiple or single blade.b. Parallel- or opposed-blade design.c. Stiffen damper blades for stability.d. Galvanized-steel, 0.064 inch (1.62 mm) thick.
 5. Blade Axles: Galvanized steel.6. Bearings:
 a. Oil-impregnated stainless-steel sleeve.b. Dampers in ducts with pressure classes of 3-inch wg (750 Pa) or less shall have
 axles full length of damper blades and bearings at both ends of operating shaft.7. Tie Bars and Brackets: Galvanized steel.
 B. Standard, Aluminum, Manual Volume Dampers:1. Standard leakage rating, with linkage outside airstream.2. Suitable for horizontal or vertical applications.
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 3. Frames: Hat-shaped, 0.10-inch- (2.5-mm-) thick, aluminum sheet channels; frames with flanges for attaching to walls and flangeless frames for installing in ducts.
 4. Blades:a. Multiple or single blade.b. Parallel- or opposed-blade design.c. Stiffen damper blades for stability.d. Extruded-Aluminum Blades: 0.050-inch- (1.2-mm-) thick extruded aluminum.
 5. Blade Axles: Galvanized steel.6. Bearings:
 a. Stainless-steel sleeve.b. Dampers in ducts with pressure classes of 3-inch wg (750 Pa) or less shall have
 axles full length of damper blades and bearings at both ends of operating shaft.7. Tie Bars and Brackets: Aluminum.
 C. Jackshaft:1. Size: 0.5-inch (13-mm) diameter.2. Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted on
 supports at each mullion and at each end of multiple-damper assemblies.3. Length and Number of Mountings: As required to connect linkage of each damper in
 multiple-damper assembly.
 D. Damper Hardware:1. Zinc-plated, die-cast core with dial and handle made of 3/32-inch- (2.4-mm-) thick zinc-
 plated steel, and a 3/4-inch (19-mm) hexagon locking nut.2. Include center hole to suit damper operating-rod size.3. Include elevated platform for insulated duct mounting.
 2.5 CONTROL DAMPERS
 A. Frames: 1. Hat shaped.2. 0.094-inch- (2.4-mm-) thick, galvanized sheet steel.3. Mitered and welded corners.
 B. Blades:1. Multiple blade with maximum blade width of 6 inches (152 mm).2. Opposed-blade design.3. Galvanized-steel.4. 0.0747-inch- (1.9-mm-) thick dual skin.5. Blade Edging: Inflatable seal blade edging, or replaceable rubber seals.
 C. Blade Axles: 1/2-inch- (13-mm-) diameter; galvanized steel; blade-linkage hardware of zinc-plated steel and brass; ends sealed against blade bearings.1. Operating Temperature Range: From minus 40 to plus 200 deg F (minus 40 to plus 93
 deg C).
 D. Bearings:1. Oil-impregnated stainless-steel sleeve.
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 2. Dampers in ducts with pressure classes of 3-inch wg (750 Pa) or less shall have axles full length of damper blades and bearings at both ends of operating shaft.
 3. Thrust bearings at each end of every blade.
 2.6 FIRE DAMPERS
 A. Type: Dynamic; rated and labeled according to UL 555 by an NRTL.
 B. Closing rating in ducts up to 4-inch wg (1-kPa) static pressure class and minimum 2000-fpm (10-m/s) velocity.
 C. Fire Rating: 1-1/2 and 3 hours.
 D. Frame: Curtain type with blades outside airstream except when located behind grille where blades may be inside airstream; fabricated with roll-formed, 0.034-inch- (0.85-mm-) thick galvanized steel; with mitered and interlocking corners.
 E. Mounting Sleeve: Factory- or field-installed, galvanized sheet steel.1. Minimum Thickness: 0.138 inch (3.5 mm) thick, as indicated, and of length to suit
 application.2. Exception: Omit sleeve where damper-frame width permits direct attachment of
 perimeter mounting angles on each side of wall or floor; thickness of damper frame must comply with sleeve requirements.
 F. Mounting Orientation: Vertical or horizontal as indicated.
 G. Blades: Roll-formed, interlocking, 0.024-inch- (0.61-mm) thick, galvanized sheet steel. In place of interlocking blades, use full-length, 0.034-inch- (0.85-mm-) thick, galvanized-steel blade connectors.
 H. Heat-Responsive Device: Replaceable, 165 deg F (74 deg C) rated, fusible links.
 2.7 FLANGE CONNECTORS
 A. Description: Add-on or roll-formed, factory-fabricated, slide-on transverse flange connectors, gaskets, and components.
 B. Material: Galvanized steel.
 C. Gage and Shape: Match connecting ductwork.
 2.8 TURNING VANES
 A. Manufactured Turning Vanes for Metal Ducts: Curved blades of galvanized sheet steel; support with bars perpendicular to blades set; set into vane runners suitable for duct mounting.1. Acoustic Turning Vanes: Fabricate airfoil-shaped aluminum extrusions with perforated
 faces and fibrous-glass fill.
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 B. General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in Elbows."
 C. Vane Construction: Single or Double wall.
 2.9 DUCT-MOUNTED ACCESS DOORS
 A. Duct-Mounted Access Doors: Fabricate access panels according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 7-2 (7-2M), "Duct Access Doors and Panels," and 7-3, "Access Doors - Round Duct."1. Door:
 a. Double wall, rectangular.b. Galvanized sheet metal with insulation fill and thickness as indicated for duct
 pressure class.c. Vision panel.d. Hinges and Latches: 1-by-1-inch (25-by-25-mm)butt or piano hinge and cam
 latches.e. Fabricate doors airtight and suitable for duct pressure class.
 2. Frame: Galvanized sheet steel, with bend-over tabs and foam gaskets.3. Number of Hinges and Locks:
 a. Access Doors Less Than 12 Inches (300 mm) Square: No hinges and two sash locks.
 b. Access Doors up to 18 Inches (460 mm) Square: Two hinges and two sash locks.c. Access Doors up to 24 by 48 Inches (600 by 1200 mm): Three hinges and two
 compression latches with outside and inside handles.d. Access Doors Larger Than 24 by 48 Inches (600 by 1200 mm): Four hinges and
 two compression latches with outside and inside handles.
 2.10 DUCT ACCESS PANEL ASSEMBLIES
 A. Labeled according to UL 1978 by an NRTL.
 B. Panel and Frame: Minimum thickness 0.0528-inch (1.3-mm) carbon steel.
 C. Fasteners: Stainless steel. Panel fasteners shall not penetrate duct wall.
 D. Gasket: Comply with NFPA 96; grease-tight, high-temperature ceramic fiber, rated for minimum 2000 deg F (1093 deg C).
 E. Minimum Pressure Rating: 10-inch wg (2500 Pa), positive or negative.
 2.11 FLEXIBLE CONNECTORS
 A. Materials: Flame-retardant or noncombustible fabrics.
 B. Coatings and Adhesives: Comply with UL 181, Class 1.
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 C. Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches (89 mm) wide attached to two strips of 2-3/4-inch- (70-mm-) wide, 0.028-inch- (0.7-mm-) thick, galvanized sheet steel or 0.032-inch- (0.8-mm-) thick aluminum sheets. Provide metal compatible with connected ducts.
 D. Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.1. Minimum Weight: 26 oz./sq. yd. (880 g/sq. m).2. Tensile Strength: 480 lbf/inch (84 N/mm) in the warp and 360 lbf/inch (63 N/mm) in the
 filling.3. Service Temperature: Minus 40 to plus 200 deg F (Minus 40 to plus 93 deg C).
 E. Outdoor System, Flexible Connector Fabric: Glass fabric double coated with weatherproof, synthetic rubber resistant to UV rays and ozone.1. Minimum Weight: 24 oz./sq. yd. (810 g/sq. m).2. Tensile Strength: 530 lbf/inch (93 N/mm) in the warp and 440 lbf/inch (77 N/mm) in the
 filling.3. Service Temperature: Minus 50 to plus 250 deg F (Minus 45 to plus 121 deg C).
 2.12 FLEXIBLE DUCTS
 A. Noninsulated, Flexible Duct: UL 181, Class 1, 2-ply vinyl film supported by helically wound, spring-steel wire.1. Pressure Rating: 10-inch wg (2500 Pa) positive and 1.0-inch wg (250 Pa) negative.2. Maximum Air Velocity: 4000 fpm (20 m/s).3. Temperature Range: Minus 10 to plus 160 deg F (Minus 23 to plus 71 deg C).
 B. Insulated, Flexible Duct: UL 181, Class 1, aluminum laminate and polyester film with latex adhesive supported by helically wound, spring-steel wire; fibrous-glass insulation; aluminized vapor-barrier film.1. Pressure Rating: 10-inch wg (2500 Pa) positive and 1.0-inch wg (250 Pa) negative.2. Maximum Air Velocity: 4000 fpm (20 m/s).3. Temperature Range: Minus 20 to plus 210 deg F (Minus 29 to plus 99 deg C).4. Insulation R-value: Comply with ASHRAE/IESNA 90.1.
 C. Flexible Duct Connectors:1. Clamps: Stainless-steel band with cadmium-plated hex screw to tighten band with a
 worm-gear action in sizes 3 through 18 inches (75 through 460 mm), to suit duct size.2. Non-Clamp Connectors: Adhesive plus sheet metal screws.
 2.13 DUCT ACCESSORY HARDWARE
 A. Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw cap and gasket. Size to allow insertion of pitot tube and other testing instruments and of length to suit duct-insulation thickness.
 B. Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to gasoline and grease.
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 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct Construction Standards," for fibrous-glass ducts.
 B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and aluminum accessories in aluminum ducts.
 C. Install backdraft dampers at inlet of exhaust fans or exhaust ducts as close as possible to exhaust fan unless otherwise indicated.
 D. Install volume dampers at points on supply, return, and exhaust systems where branches extend from larger ducts. Where dampers are installed in ducts having duct liner, install dampers with hat channels of same depth as liner, and terminate liner with nosing at hat channel.1. Install steel volume dampers in steel ducts.2. Install aluminum volume dampers in aluminum ducts.
 E. Set dampers to fully open position before testing, adjusting, and balancing.
 F. Install test holes at fan inlets and outlets and elsewhere as indicated.
 G. Install fire and fire/smoke dampers according to UL listing.
 H. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining accessories and equipment at the following locations:1. On both sides of duct coils.2. Upstream from duct filters.3. At outdoor-air intakes and mixed-air plenums.4. At drain pans and seals.5. Downstream from manual volume dampers, control dampers, backdraft dampers, and
 equipment.6. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall fusible links.
 Access doors for access to fire or smoke dampers having fusible links shall be pressure relief access doors and shall be outward operation for access doors installed upstream from dampers and inward operation for access doors installed downstream from dampers.
 7. At each change in direction and at maximum 50-foot (15-m) spacing.8. Upstream from turning vanes.9. Upstream or downstream from duct silencers.10. Control devices requiring inspection.11. Elsewhere as indicated.
 I. Install access doors with swing against duct static pressure.
 J. Access Door Sizes:1. One-Hand or Inspection Access: 8 by 5 inches (200 by 125 mm).
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 2. Two-Hand Access: 12 by 6 inches (300 by 150 mm).3. Head and Hand Access: 18 by 10 inches (460 by 250 mm).4. Head and Shoulders Access: 21 by 14 inches (530 by 355 mm).5. Body Access: 25 by 14 inches (635 by 355 mm).6. Body plus Ladder Access: 25 by 17 inches (635 by 430 mm).
 K. Label access doors according to Section 230553 "Identification for HVAC Piping and Equipment" to indicate the purpose of access door.
 L. Install flexible connectors to connect ducts to equipment.
 M. Connect terminal units to supply ducts with maximum 12-inch (300-mm) lengths of flexible duct. Do not use flexible ducts to change directions.
 N. Connect diffusers or light troffer boots to ducts with maximum 60-inch (1500-mm) lengths of flexible duct clamped or strapped in place.
 O. Connect flexible ducts to metal ducts with adhesive plus sheet metal screws.
 P. Install duct test holes where required for testing and balancing purposes.
 3.2 FIELD QUALITY CONTROL
 A. Tests and Inspections:1. Operate dampers to verify full range of movement.2. Inspect locations of access doors and verify that purpose of access door can be
 performed.3. Operate fire and smoke dampers to verify full range of movement and verify that proper
 heat-response device is installed.4. Inspect turning vanes for proper and secure installation.
 END OF SECTION

Page 238
						

RICHMOND POLICE EQUESTRIAN CENTERCITY OF RICHMOND, VA
 Architect's Project No.: 563102 Owner's Project No.: 0-28779
 HVAC POWER VENTILATORS 233423 - 1
 SECTION 233423 - HVAC POWER VENTILATORS
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Ceiling-mounted ventilators.2. In-line centrifugal fans.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.1. Detail equipment assemblies and indicate dimensions, weights, loads, required
 clearances, method of field assembly, components, and location and size of each field connection.
 2. Wiring Diagrams: For power, signal, and control wiring.3. Vibration Isolation Base Details: Detail fabrication including anchorages and attachments
 to structure and to supported equipment. Include adjustable motor bases, rails, and frames for equipment mounting.
 4. Design Calculations: Calculate requirements for selecting vibration isolators and for designing vibration isolation bases.
 1.3 CLOSEOUT SUBMITTALS
 A. Operation and maintenance data.
 1.4 QUALITY ASSURANCE
 A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
 B. AMCA Compliance: Fans shall have AMCA-Certified performance ratings and shall bear the AMCA-Certified Ratings Seal.
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 PART 2 - PRODUCTS
 2.1 CEILING-MOUNTED VENTILATORS
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:1. Carnes Company.2. Greenheck Fan Corporation.3. Loren Cook Company.
 B. Housing: Steel, lined with acoustical insulation.
 C. Fan Wheel: Centrifugal wheels directly mounted on motor shaft. Fan shrouds, motor, and fan wheel shall be removable for service.
 D. Grille: Aluminum, louvered grille with flange on intake and thumbscrew attachment to fan housing.
 E. Electrical Requirements: Junction box for electrical connection on housing and receptacle for motor plug-in.
 F. Accessories:1. Variable-Speed Controller: Solid-state control to reduce speed from 100 to less than 50
 percent.2. Manual Starter Switch: Single-pole rocker switch assembly with cover and pilot light.3. Time-Delay Switch: Assembly with single-pole rocker switch, timer, and cover plate.4. Motion Sensor: Motion detector with adjustable shutoff timer.5. Ceiling Radiation Damper: Fire-rated assembly with ceramic blanket, stainless-steel
 springs, and fusible link.6. Filter: Washable aluminum to fit between fan and grille.7. Isolation: Rubber-in-shear vibration isolators.8. Manufacturer's standard roof jack or wall cap, and transition fittings.
 G. Capacities and Characteristics: see plan1. Vibration Isolators (for fans installed in Mechanical Room under Recital Hall):
 a. Type: Spring hangers.b. Static Deflection: 1 inch (25 mm).
 2. Vibration Isolators (for fans installed in areas other than Mechanical Room under Recital Hall):a. Type: Elastomeric hangers.b. Static Deflection: 1 inch (25 mm).
 2.2 IN-LINE CENTRIFUGAL FANS
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:1. Carnes Company.2. Greenheck Fan Corporation.
 http://www.specagent.com/Lookup?ulid=3476
 http://www.specagent.com/Lookup?uid=123456943133
 http://www.specagent.com/Lookup?uid=123456943135
 http://www.specagent.com/Lookup?uid=123456943137
 http://www.specagent.com/Lookup?ulid=3477
 http://www.specagent.com/Lookup?uid=123456943145
 http://www.specagent.com/Lookup?uid=123456943150
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 3. Loren Cook Company.
 B. Housing: Split, spun aluminum with aluminum straightening vanes, inlet and outlet flanges, and support bracket adaptable to floor, side wall, or ceiling mounting.
 C. Direct-Drive Units: Motor mounted in airstream, factory wired to disconnect switch located on outside of fan housing; with wheel, inlet cone, and motor on swing-out service door.
 D. Belt-Driven Units: Motor mounted on adjustable base, with adjustable sheaves, enclosure around belts within fan housing, and lubricating tubes from fan bearings extended to outside of fan housing.
 E. Fan Wheels: Aluminum, airfoil blades welded to aluminum hub.
 F. Accessories:1. Variable-Speed Controller: Solid-state control to reduce speed from 100 to less than 50
 percent.2. Volume-Control Damper: Manually operated with quadrant lock, located in fan outlet.3. Companion Flanges: For inlet and outlet duct connections.4. Fan Guards: 1/2- by 1-inch (13- by 25-mm) mesh of galvanized steel in removable frame.
 Provide guard for inlet or outlet for units not connected to ductwork.5. Motor and Drive Cover (Belt Guard): Epoxy-coated steel.
 G. Capacities and Characteristics: see plan1. Vibration Isolators (for fans installed in Mechanical Room under Recital Hall):
 a. Type: Spring hangers.b. Static Deflection: 1 inch (25 mm).
 2. Vibration Isolators (for fans installed in areas other than Mechanical Room under Recital Hall):a. Type: Elastomeric hangers.b. Static Deflection: 1 inch (25 mm).
 2.3 MOTORS
 A. Comply with NEMA designation, temperature rating, service factor, enclosure type, and efficiency requirements for motors specified in Section 230513 "Common Motor Requirements for HVAC Equipment."1. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load
 will not require motor to operate in service factor range above 1.0.
 B. Enclosure Type: Totally enclosed, fan cooled.
 2.4 SOURCE QUALITY CONTROL
 A. Certify sound-power level ratings according to AMCA 301, "Methods for Calculating Fan Sound Ratings from Laboratory Test Data." Factory test fans according to AMCA 300, "Reverberant Room Method for Sound Testing of Fans." Label fans with the AMCA-Certified Ratings Seal.
 http://www.specagent.com/Lookup?uid=123456943147
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 B. Certify fan performance ratings, including flow rate, pressure, power, air density, speed of rotation, and efficiency by factory tests according to AMCA 210, "Laboratory Methods of Testing Fans for Aerodynamic Performance Rating." Label fans with the AMCA-Certified Ratings Seal.
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Equipment Mounting:1. Comply with requirements for vibration isolation devices specified in Section 230548.13
 "Vibration Controls for HVAC."
 B. Ceiling Units: Suspend units from structure; use steel wire or metal straps.
 C. Support suspended units from structure using threaded steel rods and elastomeric hangers or spring hangers having a static deflection of 1 inch (25 mm). Vibration-control devices are specified in Section 230548 "Vibration and Seismic Controls for HVAC."
 D. Install units with clearances for service and maintenance.
 E. Label units according to requirements specified in Section 230553 "Identification for HVAC Piping and Equipment."
 3.2 CONNECTIONS
 A. Drawings indicate general arrangement of ducts and duct accessories. Make final duct connections with flexible connectors. Flexible connectors are specified in Section 233300 "Air Duct Accessories."
 B. Install ducts adjacent to power ventilators to allow service and maintenance.
 C. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."
 D. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
 3.3 FIELD QUALITY CONTROL
 A. Perform tests and inspections.1. Manufacturer's Field Service: Engage a factory-authorized service representative to
 inspect components, assemblies, and equipment installations, including connections, and to assist in testing.
 B. Tests and Inspections:
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 1. Verify that shipping, blocking, and bracing are removed.2. Verify that unit is secure on mountings and supporting devices and that connections to
 ducts and electrical components are complete. Verify that proper thermal-overload protection is installed in motors, starters, and disconnect switches.
 3. Verify that cleaning and adjusting are complete.4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan
 wheel free rotation and smooth bearing operation. Reconnect fan drive system, align and adjust belts, and install belt guards.
 5. Adjust belt tension.6. Adjust damper linkages for proper damper operation.7. Verify lubrication for bearings and other moving parts.8. Verify that manual and automatic volume control and fire and smoke dampers in
 connected ductwork systems are in fully open position.9. Disable automatic temperature-control operators, energize motor and adjust fan to
 indicated rpm, and measure and record motor voltage and amperage.10. Shut unit down and reconnect automatic temperature-control operators.11. Remove and replace malfunctioning units and retest as specified above.
 C. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.
 D. Prepare test and inspection reports.
 3.4 ADJUSTING
 A. Adjust damper linkages for proper damper operation.
 B. Adjust belt tension.
 C. Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, and balancing procedures.
 D. Replace fan and motor pulleys as required to achieve design airflow.
 E. Lubricate bearings.
 END OF SECTION
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 SECTION 233713 - DIFFUSERS, REGISTERS, AND GRILLES
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:1. Rectangular and square ceiling diffusers.2. Perforated diffusers.3. Louver face diffusers.4. Adjustable bar registers and grilles.5. Fixed face registers and grilles.
 B. Related Sections:1. Section 089116 "Operable Wall Louvers" and Section 089119 "Fixed Louvers" for fixed
 and adjustable louvers and wall vents, whether or not they are connected to ducts.2. Section 233300 "Air Duct Accessories" for fire and smoke dampers and volume-control
 dampers not integral to diffusers, registers, and grilles.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated, include the following:1. Data Sheet: Indicate materials of construction, finish, and mounting details; and
 performance data including throw and drop, static-pressure drop, and noise ratings.2. Diffuser, Register, and Grille Schedule: Indicate drawing designation, room location,
 quantity, model number, size, and accessories furnished.
 B. Samples: For each exposed product and for each color and texture specified.
 PART 2 - PRODUCTS
 2.1 CEILING DIFFUSERS
 A. Rectangular and Square Ceiling Diffusers 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:a. Krueger.b. Price Industries.c. Titus.d. Tuttle & Bailey.
 2. Devices shall be specifically designed for variable-air-volume flows.3. Material: Aluminum.4. Finish: Baked enamel, color selected by Architect.5. Face Size: see schedules on plan.
 http://www.specagent.com/Lookup?ulid=3488
 http://www.specagent.com/Lookup?uid=123456993271
 http://www.specagent.com/Lookup?uid=123456993265
 http://www.specagent.com/Lookup?uid=123456993266
 http://www.specagent.com/Lookup?uid=123456993267
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 6. Face Style: Plaque.7. Mounting: See schedules].8. Pattern: Fixed.9. Dampers: Radial opposed blade.10. Accessories:
 a. Equalizing grid.b. Plaster ring.c. Safety chain.d. Wire guard.e. Sectorizing baffles.f. Operating rod extension.
 B. Perforated Diffuser 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:a. Krueger.b. Price Industries.c. Titus.d. Tuttle & Bailey.
 2. Devices shall be specifically designed for variable-air-volume flows.3. Material: Steel backpan and pattern controllers, with aluminum face.4. Finish: Baked enamel, color selected by Architect.5. Face Size: see plans6. Duct Inlet: Round.7. Face Style: Flush.8. Mounting: see schedules9. Pattern Controller: None.10. Dampers: Radial opposed blade.11. Accessories:
 a. Equalizing grid.b. Plaster ring.c. Safety chain.d. Wire guard.e. Sectorizing baffles.f. Operating rod extension.
 C. Louver Face Diffuser 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:a. Price Industries.b. Titus.c. Tuttle & Bailey.d. Krueger.e.
 2. Devices shall be specifically designed for variable-air-volume flows.3. Material: Aluminum.4. Finish: Baked enamel, color selected by Architect.5. Face Size: see plan6. Mounting: see plan
 http://www.specagent.com/Lookup?ulid=3489
 http://www.specagent.com/Lookup?uid=123456993283
 http://www.specagent.com/Lookup?uid=123456993286
 http://www.specagent.com/Lookup?uid=123456993276
 http://www.specagent.com/Lookup?uid=123456993277
 http://www.specagent.com/Lookup?ulid=3490
 http://www.specagent.com/Lookup?uid=123456993294
 http://www.specagent.com/Lookup?uid=123456993295
 http://www.specagent.com/Lookup?uid=123456993296
 http://www.specagent.com/Lookup?uid=123456993283
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 7. Dampers: Radial opposed blade.8. Accessories:
 a. Square to round neck adaptor.b. Adjustable pattern vanes.c. Throw reducing vanes.d. Equalizing grid.e. Plaster ring.f. Safety chain.g. Wire guard.h. Sectorizing baffles.i. Operating rod extension.
 2.2 REGISTERS AND GRILLES
 A. Adjustable Bar Register:1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:a. Krueger.b. Price Industries.c. Titus.d. Tuttle & Bailey.
 2. Material: Steel.3. Finish: Baked enamel, color selected by Architect.4. Face Blade Arrangement: Horizontal spaced 3/4 inch (19 mm) apart.5. Core Construction: Integral.6. Rear-Blade Arrangement: Vertical spaced 3/4 inch (19 mm) apart.7. Frame: 1 inch (25 mm) wide.8. Mounting: Countersunk screw.9. Damper Type: Adjustable opposed blade.10. Accessories:
 a. Front-blade gang operator.
 B. Duct-Mounted Bar Grille:1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:a. Krueger.b. Price Industries.c. Titus.d. Tuttle & Bailey.
 2. Material: Steel.3. Finish: Baked enamel, color selected by Architect.4. Face Blade Arrangement: Vertical spaced 3/4 inch (19 mm) apart.5. Core Construction: Integral.6. Rear-Blade Arrangement: Horizontal spaced 3/4 inch (19 mm) apart.7. Frame: 1 inch (25 mm) wide.8. Mounting: Countersunk screw.
 C. Fixed Face Register:
 http://www.specagent.com/Lookup?ulid=3500
 http://www.specagent.com/Lookup?uid=123456993341
 http://www.specagent.com/Lookup?uid=123456993342
 http://www.specagent.com/Lookup?uid=123456993343
 http://www.specagent.com/Lookup?uid=123456993338
 http://www.specagent.com/Lookup?ulid=3501
 http://www.specagent.com/Lookup?uid=123456993352
 http://www.specagent.com/Lookup?uid=123456993357
 http://www.specagent.com/Lookup?uid=123456993359
 http://www.specagent.com/Lookup?uid=123456993358
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 1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:a. Krueger.b. Price Industries.c. Titus.d. Tuttle & Bailey.
 2. Material: Aluminum.3. Finish: Baked enamel, color selected by Architect.4. Face Arrangement: 1/2-by-1/2-by-1/2-inch (13-by-13-by-13-mm) grid core.5. Core Construction: Integral.6. Frame: 1 inch (25 mm) wide.
 D. Fixed Face Grille:1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:a. Krueger.b. Price Industries.c. Titus.d. Tuttle & Bailey.
 2. Material: Aluminum.3. Finish: Baked enamel, color selected by Architect.4. Face Arrangement: 1/2-by-1/2-by-1/2-inch (13-by-13-by-13-mm) grid core.5. Core Construction: Integral.6. Frame: 1 inch (25 mm) wide.7. Mounting: Countersunk screw.
 E. Linear Bar Grille – Displace Diffusers1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:a. Krueger.b. Price Industries.c. Titus.d. Tuttle & Bailey.
 2. Material: Aluminum.3. Finish: Baked enamel, color selected by Architect.4. Face Arrangement: Perforated core.5. Distribution plenum.
 a. Internal insulation.b. Inlet damper.
 6. Frame: 1 inch (25 mm) wide.7. Mounting: Concealed.8. Damper Type: Adjustable opposed blade.
 2.3 SOURCE QUALITY CONTROL
 A. Verification of Performance: Rate diffusers, registers, and grilles according to ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets."
 http://www.specagent.com/Lookup?ulid=3505
 http://www.specagent.com/Lookup?uid=123456993379
 http://www.specagent.com/Lookup?uid=123456993381
 http://www.specagent.com/Lookup?uid=123456993382
 http://www.specagent.com/Lookup?uid=123456993383
 http://www.specagent.com/Lookup?ulid=3505
 http://www.specagent.com/Lookup?uid=123456993379
 http://www.specagent.com/Lookup?uid=123456993381
 http://www.specagent.com/Lookup?uid=123456993382
 http://www.specagent.com/Lookup?uid=123456993383
 http://www.specagent.com/Lookup?ulid=3500
 http://www.specagent.com/Lookup?uid=123456993341
 http://www.specagent.com/Lookup?uid=123456993342
 http://www.specagent.com/Lookup?uid=123456993343
 http://www.specagent.com/Lookup?uid=123456993338
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 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Install diffusers, registers, and grilles level and plumb.
 B. Ceiling-Mounted Outlets and Inlets: Drawings indicate general arrangement of ducts, fittings, and accessories. Air outlet and inlet locations have been indicated to achieve design requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop. Make final locations where indicated, as much as practical. For units installed in lay-in ceiling panels, locate units in the center of panel. Where architectural features or other items conflict with installation, notify Architect for a determination of final location.
 C. Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and maintenance of dampers, air extractors, and fire dampers.
 3.2 ADJUSTING
 A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, before starting air balancing.
 END OF SECTION
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 SECTION 237200
 AIR-TO-AIR ENERGY RECOVERY EQUIPMENT
 PART 1 - GENERAL
 1.01 SUMMARY
 A. Section Includes:
 1. Fixed-plate total heat exchangers.
 1.02 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 B. Shop Drawings: For air-to-air energy recovery equipment. Include plans, elevations, sections,
 details, and attachments to other work.
 1. Detail equipment assemblies and indicate dimensions, weights, loads, required
 clearances, method of field assembly, components, and location and size of each field
 connection.
 2. Wiring Diagrams: For power, signal, and control wiring.
 1.03 CLOSEOUT SUBMITTALS
 A. Operation and maintenance data.
 1.04 QUALITY ASSURANCE
 A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
 a qualified testing agency, and marked for intended location and application.
 B. ARI Compliance:
 1. Capacity ratings for air-to-air energy recovery equipment shall comply with ARI 1060,
 "Performance Rating of Air-to-Air Heat Exchangers for Energy Recovery Ventilation
 Equipment."
 2. Capacity ratings for air coils shall comply with ARI 410, "Forced-Circulation Air-
 Cooling and Air-Heating Coils."
 C. ASHRAE Compliance:
 1. Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and Equipment" and
 Section 7 - "Construction and Startup."
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 2. Capacity ratings for air-to-air energy recovery equipment shall comply with
 ASHRAE 84, "Method of Testing Air-to-Air Heat Exchangers."
 D. UL Compliance:
 1. Packaged heat recovery ventilators shall comply with requirements in UL 1812, "Ducted
 Heat Recovery Ventilators"; or UL 1815, "Nonducted Heat Recovery Ventilators."
 2. Electric coils shall comply with requirements in UL 1995, "Heating and Cooling
 Equipment."
 1.05 WARRANTY
 A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
 replace components of air-to-air energy recovery equipment that fail in materials or
 workmanship within specified warranty period.
 1. Warranty Period for Fixed-Plate Total Heat Exchangers: 10 years.
 PART 2 - PRODUCTS
 2.01 FIXED-PLATE TOTAL HEAT EXCHANGERS
 A. Casing: Galvanized steel.
 B. Plates: Evenly spaced and sealed and arranged for counter airflow.
 1. Plate Material: Chemically treated paper with selective hydroscopicity and moisture
 permeability, and gas barrier properties.
 C. Disposable Panel Filters:
 1. Comply with NFPA 90A.
 2. Filter Holding Frames: Arranged for flat or angular orientation, with access doors on both
 sides of unit. Filters shall be removable from one side or lift out from access plenum.
 3. Factory-fabricated, viscous-coated, flat-panel type.
 4. Thickness: 1 inch (25 mm).
 5. MERV: 8, according to ASHRAE 52.2.
 6. Media: Interlaced glass fibers sprayed with nonflammable adhesive[ and antimicrobial
 agent].
 7. Frame: Galvanized steel with metal grid on outlet side, steel rod grid on inlet side,
 hinged, and with pull and retaining handles.
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 2.02 CAPACITIES AND CHARACTERISTICS: see plan
 PART 3 - EXECUTION
 3.01 INSTALLATION
 A. Install fixed-plate heat exchangers so supply and exhaust airstreams flow in opposite directions.
 1. Install duct access doors in both supply and exhaust ducts, both upstream and
 downstream, for access to heat exchanger. Access doors and panels are specified in
 Section 233300 "Air Duct Accessories."
 B. Suspended Units: Suspend and brace units from structural-steel support frame using threaded
 steel rods and spring hangers. Comply with requirements for vibration isolation devices
 specified in Section 230548 "Vibration and Seismic Controls for HVAC."
 C. Install units with clearances for service and maintenance.
 D. Install new filters at completion of equipment installation and before testing, adjusting, and
 balancing.
 3.02 CONNECTIONS
 A. Install piping adjacent to unit to allow service and maintenance.
 B. Connect piping to units mounted on vibration isolators with flexible connectors.
 END OF SECTION 237200
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 SECTION 238126 - SPLIT-SYSTEM AIR-CONDITIONERS
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section includes split-system air-conditioning and heat-pump units consisting of separate evaporator-fan and compressor-condenser components.
 1.2 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated.
 B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.1. Detail equipment assemblies and indicate dimensions, weights, loads, required
 clearances, method of field assembly, components, and location and size of each field connection.
 1.3 INFORMATIONAL SUBMITTALS
 A. Warranty: Sample of special warranty.
 1.4 CLOSEOUT SUBMITTALS
 A. Operation and maintenance data.
 1.5 QUALITY ASSURANCE
 A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
 B. ASHRAE Compliance:1. Fabricate and label refrigeration system to comply with ASHRAE 15, "Safety Standard
 for Refrigeration Systems."2. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 4 - "Outdoor
 Air Quality," Section 5 - "Systems and Equipment," Section 6 - " Procedures," and Section 7 - "Construction and System Start-up."
 C. ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1.
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 1.6 WARRANTY
 A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace components of split-system air-conditioning units that fail in materials or workmanship within specified warranty period.1. Warranty Period:
 a. For Compressor: Five year(s) from date of Substantial Completion.b. For Parts: One year(s) from date of Substantial Completion.c. For Labor: One year(s) from date of Substantial Completion.
 PART 2 - PRODUCTS
 2.1 MANUFACTURERS
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:1. Carrier Corporation; a unit of United Technologies Corp.2. Mitsubishi Electric & Electronics USA, Inc.3. SANYO North America Corporation.4. Trane5. Daikin
 2.2 INDOOR UNITS (5 TONS (18 kW) OR LESS)
 A. Wall-Mounted, Evaporator-Fan Components:1. Cabinet: Enameled steel with removable panels on front and ends in color selected by
 Architect, and discharge drain pans with drain connection.2. Refrigerant Coil: Copper tube, with mechanically bonded aluminum fins and thermal-
 expansion valve. Comply with ARI 206/110.3. Fan: Direct drive, centrifugal.4. Fan Motors:
 a. Comply with NEMA designation, temperature rating, service factor, enclosure type, and efficiency requirements specified in Section 230513 "Common Motor Requirements for HVAC Equipment."
 b. Multitapped, multispeed with internal thermal protection and permanent lubrication.
 c. Enclosure Type: Totally enclosed, fan cooled.d. NEMA Premium (TM) efficient motors as defined in NEMA MG 1.e. Controllers, Electrical Devices, and Wiring: Comply with requirements for
 electrical devices and connections specified in electrical Sections.f. Mount unit-mounted disconnect switches on exterior of unit.
 5. Condensate Drain Pans:a. Fabricated with one percent slope in at least two planes to collect condensate from
 cooling coils (including coil piping connections, coil headers, and return bends) and humidifiers, and to direct water toward drain connection.1) Depth: A minimum of 1 inch (25 mm) deep.
 b. Single-wall, galvanized-steel sheet.
 http://www.specagent.com/Lookup?ulid=3602
 http://www.specagent.com/Lookup?uid=123456945626
 http://www.specagent.com/Lookup?uid=123456945628
 http://www.specagent.com/Lookup?uid=123456945629
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 c. Drain Connection: Located at lowest point of pan and sized to prevent overflow. Terminate with threaded nipple on one end of pan.1) Minimum Connection Size: NPS 1 (DN 25).
 d. Pan-Top Surface Coating: Asphaltic waterproofing compound.6. Air Filtration Section:
 a. General Requirements for Air Filtration Section:1) Comply with NFPA 90A.2) Minimum Arrestance: According to ASHRAE 52.1 and MERV according to
 ASHRAE 52.2.3) Filter-Holding Frames: Arranged for flat or angular orientation, with access
 doors on both sides of unit. Filters shall be removable from one side or lifted out from access plenum.
 b. Disposable Panel Filters:1) Factory-fabricated, viscous-coated, flat-panel type.2) Thickness: 1 inch (25 mm).3) Merv according to ASHRAE 52.2: 5.4) Media: Interlaced glass fibers sprayed with nonflammable adhesive.5) Frame: Galvanized steel, with metal grid on outlet side, steel rod grid on
 inlet side, and hinged; with pull and retaining handles.
 2.3 OUTDOOR UNITS (5 TONS (18 kW) OR LESS)
 A. Air-Cooled, Compressor-Condenser Components:1. Casing: Steel, finished with baked enamel in color selected by Architect, with removable
 panels for access to controls, weep holes for water drainage, and mounting holes in base. Provide brass service valves, fittings, and gage ports on exterior of casing.
 2. Compressor: Hermetically sealed with crankcase heater and mounted on vibration isolation device. Compressor motor shall have thermal- and current-sensitive overload devices, start capacitor, relay, and contactor.a. Compressor Type: Scroll.b. Refrigerant Charge: R-407C or R-410A.c. Refrigerant Coil: Copper tube, with mechanically bonded aluminum fins and liquid
 subcooler. Comply with ARI 206/110.3. Fan: Aluminum-propeller type, directly connected to motor.4. Motor: Permanently lubricated, with integral thermal-overload protection.5. Low Ambient Kit: Permits operation down to 45 deg F (7 deg C).6. Mounting Base: Polyethylene.
 2.4 ACCESSORIES
 A. Control equipment and sequence of operation are specified in Section 230923 "Direct Digital Control (DDC) System for HVAC" and Section 230993.11 "Sequence of Operations for HVAC DDC."
 B. Thermostat: Low voltage with subbase to control compressor and evaporator fan.
 C. Thermostat: Wireless infrared functioning to remotely control compressor and evaporator fan, with the following features:
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 1. Compressor time delay.2. 24-hour time control of system stop and start.3. Liquid-crystal display indicating temperature, set-point temperature, time setting,
 operating mode, and fan speed.4. Fan-speed selection including auto setting.
 D. Automatic-reset timer to prevent rapid cycling of compressor.
 E. Refrigerant Line Kits: Soft-annealed copper suction and liquid lines factory cleaned, dried, pressurized, and sealed; factory-insulated suction line with flared fittings at both ends.
 F. Drain Hose: For condensate.
 G. Additional Monitoring:1. Monitor constant and variable motor loads.2. Monitor variable-frequency-drive operation.3. Monitor economizer cycle.4. Monitor cooling load.5. Monitor air distribution static pressure and ventilation air volumes.
 2.5 CAPACITIES AND CHARACTERISTICS
 A. Cooling Capacity: see plans
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Install units level and plumb.
 B. Install evaporator-fan components using manufacturer's standard mounting devices securely fastened to building structure.
 C. Install roof-mounted, compressor-condenser components on equipment supports specified in Section 077200 "Roof Accessories." Anchor units to supports with removable, cadmium-plated fasteners.
 D. Equipment Mounting:1. Install roof-mounted, compressor-condenser components on polyethylene mounting base.
 E. Install and connect precharged refrigerant tubing to component's quick-connect fittings. Install tubing to allow access to unit.
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 3.2 CONNECTIONS
 A. Piping installation requirements are specified in other Sections. Drawings indicate general arrangement of piping, fittings, and specialties.
 B. Where piping is installed adjacent to unit, allow space for service and maintenance of unit.
 3.3 FIELD QUALITY CONTROL
 A. Perform tests and inspections.1. Manufacturer's Field Service: Engage a factory-authorized service representative to
 inspect components, assemblies, and equipment installations, including connections, and to assist in testing.
 B. Tests and Inspections:1. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest
 until no leaks exist.2. Operational Test: After electrical circuitry has been energized, start units to confirm
 proper motor rotation and unit operation.3. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
 equipment.
 C. Remove and replace malfunctioning units and retest as specified above.
 D. Prepare test and inspection reports.
 3.4 DEMONSTRATION
 A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain units.
 END OF SECTION
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 SECTION 238239.13 - CABINET UNIT HEATERS
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Section includes cabinet unit heaters with centrifugal fans and hot-water coils.
 1.3 DEFINITIONS
 A. CWP: Cold working pressure.
 B. DDC: Direct digital control.
 C. PTFE: Polytetrafluoroethylene plastic.
 D. TFE: Tetrafluoroethylene plastic.
 1.4 ACTION SUBMITTALS
 A. Product Data: For each type of product.1. Include rated capacities, operating characteristics, furnished specialties, and accessories.
 B. Shop Drawings:1. Include plans, elevations, sections, and details.2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
 clearances, method of field assembly, components, and location and size of each field connection.
 3. Include location and size of each field connection.4. Include details of anchorages and attachments to structure and to supported equipment.5. Include equipment schedules to indicate rated capacities, operating characteristics,
 furnished specialties, and accessories.6. Indicate location and arrangement of piping valves and specialties.7. Indicate location and arrangement of integral controls.8. Wiring Diagrams: Power, signal, and control wiring.
 C. Samples: For each exposed product and for each color and texture specified.
 D. Samples for Initial Selection: Finish colors for units with factory-applied color finishes.
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 E. Samples for Verification: Finish colors for each type of cabinet unit heater indicated with factory-applied color finishes.
 1.5 INFORMATIONAL SUBMITTALS
 A. Coordination Drawings: Floor plans, reflected ceiling plans, and other details, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:1. Suspended ceiling components.2. Structural members to which cabinet unit heaters will be attached.3. Method of attaching hangers to building structure.4. Size and location of initial access modules for acoustical tile.5. Items penetrating finished ceiling, including the following:
 a. Lighting fixtures.b. Air outlets and inlets.c. Speakers.d. Sprinklers.e. Access panels.
 6. Perimeter moldings for exposed or partially exposed cabinets.
 B. Field quality-control reports.
 1.6 CLOSEOUT SUBMITTALS
 A. Operation and Maintenance Data: For cabinet unit heaters to include in emergency, operation, and maintenance manuals.
 1.7 MAINTENANCE MATERIAL SUBMITTALS
 A. Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.1. Cabinet Unit-Heater Filters: Furnish one spare filter(s) for each filter installed.
 PART 2 - PRODUCTS
 2.1 MANUFACTURERS
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:1. INDEECO.2. QMark; Marley Engineered Products.3. Trane.
 http://www.specagent.com/Lookup?ulid=7126
 http://www.specagent.com/Lookup?uid=123456946669
 http://www.specagent.com/Lookup?uid=123456946674
 http://www.specagent.com/Lookup?uid=123456946676
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 2.2 DESCRIPTION
 A. Factory-assembled and -tested unit complying with AHRI 440.
 B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
 C. Comply with UL 2021.
 2.3 PERFORMANCE REQUIREMENTS
 A. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and Equipment" and Section 7 - "Construction and Startup."
 2.4 COIL SECTION INSULATION
 A. Insulation Materials: ASTM C 1071; surfaces exposed to airstream shall have aluminum-foil facing to prevent erosion of glass fibers.1. Thickness: 1/2 inch (13 mm).2. Thermal Conductivity (k-Value): 0.26 Btu x in./h x sq. ft. at 75 deg F (0.037 W/m x K at
 24 deg C) mean temperature.3. Fire-Hazard Classification: Maximum flame-spread index of 25 and smoke-developed
 index of 50 when tested according to ASTM E 84.4. Adhesive: Comply with ASTM C 916 and with NFPA 90A or NFPA 90B.5. Airstream Surfaces: Surfaces in contact with the airstream shall comply with
 requirements in ASHRAE 62.1.
 2.5 CABINETS
 A. Material: Steel with baked-enamel finish with manufacturer's standard paint, in color selected by Architect.1. Vertical Unit, Exposed Front Panels: Minimum 0.0528-inch- (1.35-mm-) thick
 galvanized sheet steel, removable panels with channel-formed edges secured with tamperproof cam fasteners.
 2. Horizontal Unit, Exposed Bottom Panels: Minimum 0.0528-inch- (1.35-mm-) thick galvanized sheet steel, removable panels secured with tamperproof cam fasteners and safety chain.
 3. Base: Minimum 0.0528-inch- (1.35-mm-) thick steel, finished to match cabinet, 4 inches (100 mm) high with leveling bolts.
 4. Extended Piping Compartment: 8-inch- (200-mm-) wide piping end pocket.
 2.6 FILTERS
 A. Minimum Arrestance: According to ASHRAE 52.1 and a minimum efficiency reporting value (MERV) according to ASHRAE 52.2.1. Pleated: 90 percent arrestance and MERV 7.
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 2.7 COILS
 A. Hot-Water Coil: Copper tube, with mechanically bonded aluminum fins spaced no closer than 0.1 inch (2.5 mm) and rated for a minimum working pressure of 200 psig (1378 kPa) and a maximum entering-water temperature of 220 deg F (104 deg C). Include manual air vent and drain.
 2.8 CONTROLS
 A. Fan and Motor Board: Removable.1. Fan: Forward curved,double width, centrifugal, directly connected to motor;
 thermoplastic or painted-steel wheels and aluminum, painted-steel, or galvanized-steel fan scrolls.
 .2. Motor: Permanently lubricated, multispeed; resiliently mounted on motor board. Comply
 with requirements in Section 230513 "Common Motor Requirements for HVAC Equipment."
 3. Wiring Terminations: Connect motor to chassis wiring with plug connection.
 B. Factory, Hot-Water Piping Package: ASTM B 88, Type L (ASTM B 88M, Type B) copper tube with wrought-copper fittings and brazed joints. Label piping to indicate service, inlet, and outlet.1. Two-way, modulating control valve with balancing valve2. Hose Kits: Minimum 400-psig (2758-kPa) working pressure, and operating temperatures
 from 33 to 211 deg F (0.5 to 99 deg C). Tag hose kits to equipment designations.a. Length: 24 inches (600 mm).b. Minimum Diameter: Equal to cabinet unit-heater connection size.
 3. Two-Piece, Ball Valves: Bronze body with full-port, chrome-plated bronze ball; PTFE or TFE seats; and 600-psig (4140-kPa) minimum CWP rating and blowout-proof stem.
 4. Calibrated-Orifice Balancing Valves: Bronze body, ball type, 125-psig (860-kPa) working pressure, 250 deg F (121 deg C) maximum operating temperature; with calibrated orifice or venture, connection for portable differential pressure meter with integral seals, threaded ends, and equipped with a memory stop to retain set position.
 5. Automatic Flow-Control Valve: Brass or ferrous-metal body, 300-psig (2068-kPa) working pressure at 250 deg F (121 deg C), with removable, corrosion-resistant, tamperproof, self-cleaning piston spring; factory set to maintain constant indicated flow within plus or minus 10 percent of differential pressure range of 2 to 80 psig (13.8 to 552 kPa).
 6. Y-Pattern, Hot-Water Strainers: Cast-iron body (ASTM A 126, Class B); 125-psig (860-kPa) minimum working pressure; with threaded connections, bolted cover, perforated stainless-steel basket, and bottom drain connection. Include minimum NPS 1/2 (DN 15) threaded pipe and full-port ball valve in strainer drain connection.
 7. Wrought-Copper Unions: ASME B16.22.
 C. Basic Unit Controls:1. Control voltage transformer.2. Unit-mounted thermostat with the following features:
 a. Heat-off switch.
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 b. Fan on-auto switch.c. Manual fan-speed switch.d. Adjustable deadband.e. Concealed set point.f. Concealed indication.g. Deg F (Deg C) indication.
 D. Electrical Connection: Factory-wired motors and controls for a single field connection.
 2.9 CAPACITIES AND CHARACTERISTICS – see plan
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine areas to receive cabinet unit heaters for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
 B. Examine roughing-in for piping and electrical connections to verify actual locations before unit-heater installation.
 C. Proceed with installation only after unsatisfactory conditions have been corrected.
 3.2 INSTALLATION
 Retain first paragraph below for vertical, wall-mounted cabinet unit heaters with wall boxes and outdoor-air intake louvers.
 A. Install wall boxes in finished wall assembly; seal and weatherproof. Joint-sealant materials and applications are specified in Section 079200 "Joint Sealants."
 B. Install cabinet unit heaters to comply with NFPA 90A.
 C. Suspend cabinet unit heaters from structure with elastomeric hangers. Vibration isolators are specified in Section 230548 "Vibration and Seismic Controls for HVAC."
 D. Install new filters in each fan-coil unit within two weeks of Substantial Completion.
 3.3 CONNECTIONS
 A. Piping installation requirements are specified in Section 232113 "Hydronic Piping," Section 232116 Hydronic Piping Specialties," Section 232213 "Steam and Condensate Heating Piping," and Section 232216 Steam and Condensate Piping Specialties." Drawings indicate general arrangement of piping, fittings, and specialties.
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 B. Install piping adjacent to machine to allow service and maintenance.
 C. Connect piping to cabinet unit heater's factory, hot-water piping package. Install the piping package if shipped loose.
 D. Connect supply and return ducts to cabinet unit heaters with flexible duct connectors specified in Section 233300 "Air Duct Accessories."
 E. Comply with safety requirements in UL 1995.
 F. Unless otherwise indicated, install union and gate or ball valve on supply-water connection and union and calibrated balancing valve on return-water connection of cabinet unit heater. Hydronic specialties are specified in Section 232113 "Hydronic Piping" and Section 232116 Hydronic Piping Specialties."
 G. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."
 H. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
 3.4 FIELD QUALITY CONTROL
 A. Perform the following tests and inspections:1. Operational Test: After electrical circuitry has been energized, start units to confirm
 proper motor rotation and unit operation.
 B. Units will be considered defective if they do not pass tests and inspections.
 C. Prepare test and inspection reports.
 3.5 ADJUSTING
 A. Adjust initial temperature set points.
 B. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to two visits to Project during other-than-normal occupancy hours for this purpose.
 3.6 DEMONSTRATION
 A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain cabinet unit heaters.
 END OF SECTION
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 SECTION 238239.16 - PROPELLER UNIT HEATERS
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Section includes propeller unit heaters with hot-water coils.
 1.3 DEFINITIONS
 .
 A. CWP: Cold working pressure.
 B. PTFE: Polytetrafluoroethylene plastic.
 C. TFE: Tetrafluoroethylene plastic.
 1.4 ACTION SUBMITTALS
 A. Product Data: For each type of product.1. Include rated capacities, operating characteristics, furnished specialties, and accessories.
 B. Shop Drawings:1. Include plans, elevations, sections, and details.2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
 clearances, method of field assembly, components, and location and size of each field connection.
 3. Include location and size of each field connection.4. Include details of anchorages and attachments to structure and to supported equipment.5. Include equipment schedules to indicate rated capacities, operating characteristics,
 furnished specialties, and accessories.6. Indicate location and arrangement of piping valves and specialties.
 1.5 INFORMATIONAL SUBMITTALS
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 A. Coordination Drawings: Floor plans, reflected ceiling plans, and other details, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:1. Suspended ceiling components.2. Structural members to which propeller unit heaters will be attached.3. Method of attaching hangers to building structure.4. Size and location of initial access modules for acoustical tile.5. Items penetrating finished ceiling, including the following:
 a. Lighting fixtures.b. Air outlets and inlets.c. Speakers.d. Sprinklers.e. Access panels.
 B. Field quality-control reports.
 1.6 CLOSEOUT SUBMITTALS
 A. Operation and Maintenance Data: For propeller unit heaters to include in emergency, operation, and maintenance manuals.
 PART 2 - PRODUCTS
 2.1 MANUFACTURERS
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:1. Airtherm; a Mestek company.2. Carrier.3. Trane.
 2.2 DESCRIPTION
 A. Assembly including casing, coil, fan, and motor in vertical discharge configuration with adjustable discharge louvers.
 B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
 C. Comply with UL 2021.
 D. Comply with UL 823.
 http://www.specagent.com/Lookup?ulid=7128
 http://www.specagent.com/Lookup?uid=123456946681
 http://www.specagent.com/Lookup?uid=123456946686
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 2.3 PERFORMANCE REQUIREMENTS
 A. ASHRAE/IESNA 90.1 Compliance: Applicable requirements in ASHRAE/IESNA 90.1, Section 6 - "Heating, Ventilating, and Air-Conditioning."
 2.4 HOUSINGS
 A. Finish: Manufacturer's standard baked enamel applied to factory-assembled and -tested propeller unit heaters before shipping.
 B. Discharge Louver: Adjustable fin diffuser for horizontal units and conical diffuser for vertical units.
 2.5 COILS
 A. General Coil Requirements: Test and rate hot-water propeller unit-heater coils according to ASHRAE 33.
 B. Hot-Water Coil: Copper tube, minimum 0.025-inch (0.635-mm) wall thickness, with mechanically bonded aluminum fins spaced no closer than 0.1 inch (2.5 mm) and rated for a minimum working pressure of 200 psig (1380 kPa) and a maximum entering-water temperature of 325 deg F (163 deg C), with manual air vent. Test for leaks to 350 psig (2413 kPa) underwater.
 2.6 FAN AND MOTOR
 A. Fan: Propeller type with aluminum wheel directly mounted on motor shaft in the fan venturi.
 B. Motor: Permanently lubricated, multispeed. Comply with requirements in Section 230513 "Common Motor Requirements for HVAC Equipment."
 2.7 CONTROLS
 A. Control Devices: 1. Unit-mounted, variable fan-speed switch.2. Unit-mounted thermostat.
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 2.8 CAPACITIES AND CHARACTERISTICS – see plans
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine areas to receive propeller unit heaters for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
 B. Examine roughing-in for piping and electrical connections to verify actual locations before unit-heater installation.
 C. Proceed with installation only after unsatisfactory conditions have been corrected.
 3.2 INSTALLATION
 A. Install propeller unit heaters to comply with NFPA 90A.
 B. Install propeller unit heaters level and plumb.
 C. Suspend propeller unit heaters from structure with all-thread hanger rods and spring hangers. Hanger rods and attachments to structure are specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment." Vibration hangers are specified in Section 230548 "Vibration and Seismic Controls for HVAC."
 3.3 CONNECTIONS
 A. Piping installation requirements are specified in Section 232113 "Hydronic Piping," Section 232116 Hydronic Piping Specialties," Section 232213 "Steam and Condensate Heating Piping," and Section 232216 Steam and Condensate Piping Specialties." Drawings indicate general arrangement of piping, fittings, and specialties.
 B. Install piping adjacent to machine to allow service and maintenance.
 C. Connect piping to propeller unit heater's factory, hot-water piping package. Install the piping package if shipped loose.
 D. Comply with safety requirements in UL 1995.
 E. Unless otherwise indicated, install union and gate or ball valve on supply-water connection and union and calibrated balancing valve on return-water connection of propeller unit heater. Hydronic specialties are specified in Section 232113 "Hydronic Piping" and Section 232116 Hydronic Piping Specialties."
 F. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."
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 G. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
 3.4 FIELD QUALITY CONTROL
 A. Perform the following tests and inspections:1. Operational Test: After electrical circuitry has been energized, start units to confirm
 proper motor rotation and unit operation.
 B. Units will be considered defective if they do not pass tests and inspections.
 C. Prepare test and inspection reports.
 3.5 ADJUSTING
 A. Adjust initial temperature set points.
 B. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to two visits to Project during other-than-normal occupancy hours for this purpose.
 3.6 DEMONSTRATION
 A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain propeller unit heaters.
 END OF SECTION
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 SECTION 260533 - RACEWAYS AND BOXES
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Section Includes:
 1. Metal conduits, tubing, and fittings.
 2. Metal wireways and auxiliary gutters.
 3. Surface raceways.
 4. Boxes, enclosures, and cabinets.
 1.3 DEFINITIONS
 A. ARC: Aluminum rigid conduit.
 B. GRC: Galvanized rigid steel conduit.
 C. IMC: Intermediate metal conduit.
 1.4 ACTION SUBMITTALS
 A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover
 enclosures, and cabinets.
 PART 2 - PRODUCTS
 2.1 METAL CONDUITS, TUBING, AND FITTINGS
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 1. Allied Tube & Conduit; a Tyco International Ltd. Co.
 2. Electri-Flex Company.
 3. O-Z/Gedney; a brand of EGS Electrical Group.
 4. Southwire Company.
 5. Thomas & Betts Corporation.
 http://www.specagent.com/LookUp/?ulid=1747&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456817842&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456802906&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456817843&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456802909&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456802910&mf=95&src=wd
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 6. Wheatland Tube Company; a division of John Maneely Company.
 B. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined
 in NFPA 70, by a qualified testing agency, and marked for intended location and application.
 C. GRC: Comply with ANSI C80.1 and UL 6.
 D. ARC: Comply with ANSI C80.5 and UL 6A.
 E. IMC: Comply with ANSI C80.6 and UL 1242.
 F. EMT: Comply with ANSI C80.3 and UL 797.
 G. FMC: Comply with UL 1; zinc-coated steel.
 H. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.
 I. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.
 1. Fittings for EMT:
 a. Material: Steel.
 b. Type: compression.
 2. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated
 for environmental conditions where installed, and including flexible external bonding
 jumper.
 J. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by authorities
 having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and
 protect threaded conduit joints from corrosion and to enhance their conductivity.
 2.2 METAL WIREWAYS AND AUXILIARY GUTTERS
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 1. Cooper B-Line, Inc.
 2. Hoffman; a Pentair company.
 3. Square D; a brand of Schneider Electric.
 B. Description: Sheet metal, complying with UL 870 and NEMA 250, as indicated, and sized
 according to NFPA 70.
 1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a
 qualified testing agency, and marked for intended location and application.
 C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters,
 hold-down straps, end caps, and other fittings to match and mate with wireways as required for
 complete system.
 D. Wireway Covers: Flanged-and-gasketed type unless otherwise indicated.
 http://www.specagent.com/LookUp/?uid=123456817845&mf=95&src=wd
 http://www.specagent.com/LookUp/?ulid=1749&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456802922&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456817848&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456817849&mf=95&src=wd
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 E. Finish: Manufacturer's standard enamel finish.
 2.3 SURFACE RACEWAYS
 A. Listing and Labeling: Surface raceways shall be listed and labeled as defined in NFPA 70, by a
 qualified testing agency, and marked for intended location and application.
 B. Surface Metal Raceways: Galvanized steel with snap-on covers complying with UL 5.
 Manufacturer's standard enamel finish in color selected by Architect.
 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 a. Panduit Corp.
 b. Wiremold / Legrand.
 2.4 BOXES, ENCLOSURES, AND CABINETS
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 1. Cooper Technologies Company; Cooper Crouse-Hinds.
 2. EGS/Appleton Electric.
 3. Erickson Electrical Equipment Company.
 4. Hoffman; a Pentair company.
 5. Hubbell Incorporated; Killark Division.
 6. O-Z/Gedney; a brand of EGS Electrical Group.
 7. RACO; a Hubbell Company.
 8. Spring City Electrical Manufacturing Company.
 9. Thomas & Betts Corporation.
 10. Wiremold / Legrand.
 B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets
 installed in wet locations shall be listed for use in wet locations.
 C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.
 D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD, with
 gasketed cover.
 E. Metal Floor Boxes:
 1. Material: sheet metal.
 2. Type: Fully adjustable.
 3. Shape: Rectangular.
 4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in
 NFPA 70, by a qualified testing agency, and marked for intended location and
 application.
 http://www.specagent.com/LookUp/?ulid=1751&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456802927&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456802928&mf=95&src=wd
 http://www.specagent.com/LookUp/?ulid=1754&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456817853&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456802936&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456802937&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456817854&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456817855&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456817856&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456817857&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456802943&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456802944&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456802945&mf=95&src=wd
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 F. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 lb.
 Outlet boxes designed for attachment of luminaires weighing more than 50 lb shall be listed and
 marked for the maximum allowable weight.
 G. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.
 H. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, cast
 aluminum with gasketed cover.
 I. Box extensions used to accommodate new building finishes shall be of same material as
 recessed box.
 J. Device Box Dimensions: 4 inches square by 2-1/8 inches deep.
 K. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, with continuous-hinge cover
 with flush latch unless otherwise indicated.
 1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.
 2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.
 L. Cabinets:
 1. NEMA 250, galvanized-steel box with removable interior panel and removable front,
 finished inside and out with manufacturer's standard enamel.
 2. Hinged door in front cover with flush latch and concealed hinge.
 3. Key latch to match panelboards.
 4. Metal barriers to separate wiring of different systems and voltage.
 5. Accessory feet where required for freestanding equipment.
 PART 3 - EXECUTION
 3.1 RACEWAY APPLICATION
 A. Outdoors: Apply raceway products as specified below unless otherwise indicated:
 1. Exposed Conduit: IMC.
 2. Concealed Conduit, Aboveground: EMT.
 3. Underground Conduit: RNC, Type EPC-40-PVC,.
 4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
 Electric Solenoid, or Motor-Driven Equipment): LFMC.
 5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R.
 B. Indoors: Apply raceway products as specified below unless otherwise indicated:
 1. Exposed, Not Subject to Physical Damage: EMT.
 2. Exposed, Not Subject to Severe Physical Damage: EMT.
 3. Exposed and Subject to Severe Physical Damage: IMC. Raceway locations include the
 following:
 a. Loading dock.
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 b. Mechanical rooms.
 c. Gymnasiums.
 4. Concealed in Ceilings and Interior Walls and Partitions: EMT.
 5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
 Electric Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet
 locations.
 6. Damp or Wet Locations: IMC.
 7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 stainless
 steel in institutional and commercial kitchens and damp or wet locations.
 C. Minimum Raceway Size: 3/4-inch trade size.
 D. Raceway Fittings: Compatible with raceways and suitable for use and location.
 1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless
 otherwise indicated. Comply with NEMA FB 2.10.
 2. EMT: Use compression, steel fittings. Comply with NEMA FB 2.10.
 3. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with
 NEMA FB 2.20.
 E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.
 F. Install surface raceways only where indicated on Drawings.
 3.2 INSTALLATION
 A. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes.
 Install horizontal raceway runs above water and steam piping.
 B. Complete raceway installation before starting conductor installation.
 C. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems"
 for hangers and supports.
 D. Arrange stub-ups so curved portions of bends are not visible above finished slab.
 E. Install no more than the equivalent of three 90-degree bends in any conduit run except for
 control wiring conduits, for which fewer bends are allowed. Support within 12 inches of
 changes in direction.
 F. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated.
 Install conduits parallel or perpendicular to building lines.
 G. Support conduit within 12 inches of enclosures to which attached.
 H. Raceways Embedded in Slabs:
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 1. Run conduit larger than 1-inch trade size, parallel or at right angles to main
 reinforcement. Where at right angles to reinforcement, place conduit close to slab
 support. Secure raceways to reinforcement at maximum 10-footintervals.
 2. Arrange raceways to cross building expansion joints at right angles with expansion
 fittings.
 3. Arrange raceways to keep a minimum of 2 inches of concrete cover in all directions.
 4. Do not embed threadless fittings in concrete unless specifically approved by Architect for
 each specific location.
 5. Change from PVC to IMC before rising above floor.
 I. Stub-ups to Above Recessed Ceilings:
 1. Use EMT for raceways.
 2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or
 in an enclosure.
 J. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply
 listed compound to threads of raceway and fittings before making up joints. Follow compound
 manufacturer's written instructions.
 K. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings
 to protect conductors including conductors smaller than No. 4 AWG.
 L. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes
 or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal
 bushings on 1-1/2-inch trade size and larger conduits terminated with locknuts. Install insulated
 throat metal grounding bushings on service conduits.
 M. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install
 locknuts hand tight plus 1/4 turn more.
 N. Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, use roll cutter
 or a guide to make cut straight and perpendicular to the length.
 O. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not
 less than 200-lb tensile strength. Leave at least 12 inches of slack at each end of pull wire. Cap
 underground raceways designated as spare above grade alongside raceways in use.
 P. Surface Raceways:
 1. Install surface raceway with a minimum 2-inch radius control at bend points.
 2. Secure surface raceway with screws or other anchor-type devices at intervals not
 exceeding 48 inches and with no less than two supports per straight raceway section.
 Support surface raceway according to manufacturer's written instructions. Tape and glue
 are not acceptable support methods.
 Q. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with
 listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a
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 blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway
 sealing fittings according to NFPA 70.
 R. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or
 boxes are between the seal and the following changes of environments. Seal the interior of all
 raceways at the following points:
 1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated
 spaces.
 2. Where an underground service raceway enters a building or structure.
 3. Where otherwise required by NFPA 70.
 S. Comply with manufacturer's written instructions for solvent welding RNC and fittings.
 T. Expansion-Joint Fittings:
 1. Install expansion fittings at all locations where conduits cross building or structure
 expansion joints.
 U. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches of
 flexible conduit for recessed and semirecessed luminaires, equipment subject to vibration, noise
 transmission, or movement; and for transformers and motors.
 1. Use LFMC in damp or wet locations subject to severe physical damage.
 2. Use LFMC in damp or wet locations not subject to severe physical damage.
 V. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not
 individually indicated, give priority to ADA requirements. Install boxes with height measured
 to center of box unless otherwise indicated.
 W. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block,
 and install box flush with surface of wall. Prepare block surfaces to provide a flat surface for a
 raintight connection between box and cover plate or supported equipment and box.
 X. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same
 vertical channel.
 Y. Locate boxes so that cover or plate will not span different building finishes.
 Z. Support boxes of three gangs or more from more than one side by spanning two framing
 members or mounting on brackets specifically designed for the purpose.
 AA. Fasten junction and pull boxes to or support from building structure. Do not support boxes by
 conduits.
 BB. Set metal floor boxes level and flush with finished floor surface.
 3.3 INSTALLATION OF UNDERGROUND CONDUIT
 A. Direct-Buried Conduit:
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 1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench
 bottom as specified in Section 02300 "Earthwork" for pipe less than 6 inches in nominal
 diameter.
 2. Install backfill as specified in Section 02300 "Earthwork."
 3. After installing conduit, backfill and compact. Start at tie-in point, and work toward end
 of conduit run, leaving conduit at end of run free to move with expansion and contraction
 as temperature changes during this process. Firmly hand tamp backfill around conduit to
 provide maximum supporting strength. After placing controlled backfill to within 12
 inches of finished grade, make final conduit connection at end of run and complete
 backfilling with normal compaction as specified in Section 02300 "Earthwork."
 4. Install manufactured duct elbows for stub-ups at poles and equipment and at building
 entrances through floor unless otherwise indicated. Encase elbows for stub-up ducts
 throughout length of elbow.
 5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and
 at building entrances through floor.
 a. Couple steel conduits to ducts with adapters designed for this purpose, and encase
 coupling with 3 inches of concrete for a minimum of 12 inches on each side of the
 coupling.
 b. For stub-ups at equipment mounted on outdoor concrete bases and where conduits
 penetrate building foundations, extend steel conduit horizontally a minimum of
 60 inches from edge of foundation or equipment base. Install insulated grounding
 bushings on terminations at equipment.
 3.4 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
 A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply
 with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and
 Cabling."
 3.5 FIRESTOPPING
 A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with
 requirements in Section 07841 "Through-Penetration Firestop Systems."
 3.6 PROTECTION
 A. Protect coatings, finishes, and cabinets from damage and deterioration.
 1. Repair damage to galvanized finishes with zinc-rich paint recommended by
 manufacturer.
 END OF SECTION 260533
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 SECTION 260544 - SLEEVES AND SEALS FOR ELECTRICAL RACEWAYS AND CABLING
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Section Includes:
 1. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors.
 2. Sleeve-seal systems.
 3. Sleeve-seal fittings.
 4. Grout.
 5. Silicone sealants.
 B. Related Requirements:
 1. Section 07841 "Through-Penetration Firestop Systems" for penetration firestopping
 installed in fire-resistance-rated walls, horizontal assemblies, and smoke barriers, with
 and without penetrating items.
 1.3 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 B. LEED Submittals:
 1. Product Data for Credit EQ 4.1: For sealants, documentation including printed statement
 of VOC content.
 PART 2 - PRODUCTS
 2.1 SLEEVES
 A. Wall Sleeves:
 1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated,
 plain ends.
 2. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure
 pipe, with plain ends and integral waterstop unless otherwise indicated.
 B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Galvanized-steel
 sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with
 tabs for screw-fastening the sleeve to the board.
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 C. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.
 D. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.
 E. Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer surface with
 nailing flange for attaching to wooden forms.
 F. Sleeves for Rectangular Openings:
 1. Material: Galvanized sheet steel.
 2. Minimum Metal Thickness:
 a. For sleeve cross-section rectangle perimeter less than 50 inches and with no side
 larger than 16 inches, thickness shall be 0.052 inch.
 b. For sleeve cross-section rectangle perimeter 50 inches or more and one or more
 sides larger than 16 inches, thickness shall be 0.138 inch.
 2.2 SLEEVE-SEAL SYSTEMS
 A. Description: Modular sealing device, designed for field assembly, to fill annular space between
 sleeve and raceway or cable.
 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 a. Advance Products & Systems, Inc.
 b. CALPICO, Inc.
 c. Metraflex Company (The).
 d. Pipeline Seal and Insulator, Inc.
 e. Proco Products, Inc.
 2. Sealing Elements: EPDM rubber interlocking links shaped to fit surface of pipe. Include
 type and number required for pipe material and size of pipe.
 3. Pressure Plates: Stainless steel.
 4. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to
 sealing elements.
 2.3 SLEEVE-SEAL FITTINGS
 A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in
 concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to
 match piping OD.
 2.4 GROUT
 A. Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-
 rated walls or floors.
 B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
 hydraulic-cement grout.
 http://www.specagent.com/LookUp/?uid=123456803016&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803017&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803018&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803019&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803020&mf=95&src=wd
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 C. Design Mix: 5000-psi, 28-day compressive strength.
 D. Packaging: Premixed and factory packaged.
 2.5 SILICONE SEALANTS
 A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of
 grade indicated below.
 1. Grade: Pourable (self-leveling) formulation for openings in floors and other horizontal
 surfaces that are not fire rated.
 2. Sealant shall have VOC content of 250 g/L or less when calculated according to
 40 CFR 59, Subpart D (EPA Method 24).
 B. Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, expand
 and cure in place to produce a flexible, nonshrinking foam.
 PART 3 - EXECUTION
 3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
 A. Comply with NECA 1.
 B. Comply with NEMA VE 2 for cable tray and cable penetrations.
 C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit
 Floors and Walls:
 1. Interior Penetrations of Non-Fire-Rated Walls and Floors:
 a. Seal annular space between sleeve and raceway or cable, using joint sealant
 appropriate for size, depth, and location of joint. Comply with requirements in
 Section 07920 "Joint Sealants."
 b. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly
 between sleeve and wall so no voids remain. Tool exposed surfaces smooth;
 protect material while curing.
 2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
 3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or
 cable unless sleeve seal is to be installed.
 4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are
 used. Install sleeves during erection of walls. Cut sleeves to length for mounting flush
 with both surfaces of walls. Deburr after cutting.
 5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2 inches above
 finished floor level. Install sleeves during erection of floors.
 D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:
 1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved
 opening.
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 2. Seal space outside of sleeves with approved joint compound for gypsum board
 assemblies.
 E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible
 boot-type flashing units applied in coordination with roofing work.
 F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using cast-iron pipe sleeves and
 mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space between pipe
 and sleeve for installing mechanical sleeve seals.
 G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves
 to allow for 1-inch annular clear space between raceway or cable and sleeve for installing
 sleeve-seal system.
 3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
 A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway
 entries into building.
 B. Install type and number of sealing elements recommended by manufacturer for raceway or
 cable material and size. Position raceway or cable in center of sleeve. Assemble mechanical
 sleeve seals and install in annular space between raceway or cable and sleeve. Tighten bolts
 against pressure plates that cause sealing elements to expand and make watertight seal.
 3.3 SLEEVE-SEAL-FITTING INSTALLATION
 A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
 B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and
 walls. Position waterstop flange to be centered in concrete slab or wall.
 C. Secure nailing flanges to concrete forms.
 D. Using grout, seal the space around outside of sleeve-seal fittings.
 END OF SECTION 260544
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 SECTION 260553 - ELECTRICAL IDENTIFICATION
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Section Includes:
 1. Identification for conductors.
 2. Equipment identification labels.
 1.3 ACTION SUBMITTALS
 A. Product Data: For each electrical identification product indicated.
 1.4 QUALITY ASSURANCE
 A. Comply with NFPA 70.
 B. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks
 used by label printers, shall comply with UL 969.
 1.5 COORDINATION
 A. Coordinate identification names, abbreviations, colors, and other features with requirements in
 other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's
 wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes,
 standards, and 29 CFR 1910.145. Use consistent designations throughout Project.
 B. Coordinate installation of identifying devices with completion of covering and painting of
 surfaces where devices are to be applied.
 C. Coordinate installation of identifying devices with location of access panels and doors.
 D. Install identifying devices before installing acoustical ceilings and similar concealment.
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 PART 2 - PRODUCTS
 2.1 CONDUCTOR IDENTIFICATION MATERIALS
 A. Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils thick by 1
 to 2 inches wide.
 B. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification
 legend machine printed by thermal transfer or equivalent process.
 2.2 EQUIPMENT IDENTIFICATION LABELS
 A. Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting.
 White letters on a dark-gray background. Minimum letter height shall be 3/8 inch.
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Verify identity of each item before installing identification products.
 B. Location: Install identification materials and devices at locations for most convenient viewing
 without interference with operation and maintenance of equipment.
 C. Apply identification devices to surfaces that require finish after completing finish work.
 3.2 IDENTIFICATION SCHEDULE
 A. Accessible Raceways within Buildings: Identify the covers of each junction and pull box of the
 following systems with self-adhesive vinyl labels with the wiring system legend and system
 voltage. System legends shall be as follows:
 1. Emergency Power.
 2. Power.
 B. Power-Circuit Conductor Identification, 600 V or Less: For conductors in pull and junction
 boxes, use color-coding conductor tape to identify the phase.
 1. Color-Coding for Phase and Voltage Level Identification, 600 V or Less: Use colors
 listed below for ungrounded service feeder and branch-circuit conductors.
 a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG, if
 authorities having jurisdiction permit.
 b. Colors for 208/120-V Circuits:
 1) Phase A: Black.
 2) Phase B: Red.
 3) Phase C: Blue.
 c. Colors for 480/277-V Circuits:
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 1) Phase A: Brown.
 2) Phase B: Orange.
 3) Phase C: Yellow.
 d. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a
 minimum distance of 6 inches from terminal points and in boxes where splices or
 taps are made. Apply last two turns of tape with no tension to prevent possible
 unwinding. Locate bands to avoid obscuring factory cable markings.
 C. Equipment Identification Labels: On each unit of equipment, install unique designation label
 that is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual.
 Apply labels to disconnect switches and protection equipment, central or master units, control
 panels, control stations, terminal cabinets, and racks of each system. Systems include power,
 lighting, control, communication, signal, monitoring, and alarm systems unless equipment is
 provided with its own identification.
 1. Labeling Instructions:
 a. Indoor Equipment: Engraved, laminated acrylic or melamine label. Unless
 otherwise indicated, provide a single line of text with 1/2-inch- high letters on 1-
 1/2-inch- high label; where two lines of text are required, use labels 2 inches high.
 b. Outdoor Equipment: Engraved, laminated acrylic or melamine label.
 c. Elevated Components: Increase sizes of labels and letters to those appropriate for
 viewing from the floor.
 d. Unless provided with self-adhesive means of attachment, fasten labels with
 appropriate mechanical fasteners that do not change the NEMA or NRTL rating of
 the enclosure.
 2. Equipment to Be Labeled:
 a. Panelboards: Typewritten directory of circuits in the location provided by
 panelboard manufacturer. Panelboard identification shall be engraved, laminated
 acrylic or melamine label.
 b. Enclosures and electrical cabinets.
 c. Access doors and panels for concealed electrical items.
 d. Switchboards.
 e. Transformers: Label that includes tag designation shown on Drawings for the
 transformer, feeder, and panelboards or equipment supplied by the secondary.
 f. Emergency system boxes and enclosures.
 g. Enclosed switches.
 h. Enclosed circuit breakers.
 i. Enclosed controllers.
 j. Power transfer equipment.
 k. Contactors.
 END OF SECTION 260553
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 SECTION 260574 - OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Section includes a computer-based, arc-flash study to determine the arc-flash hazard distance
 and the incident energy to which personnel could be exposed during work on or near electrical
 equipment.
 1.3 DEFINITIONS
 A. One-Line Diagram: A diagram which shows, by means of single lines and graphic symbols, the
 course of an electric circuit or system of circuits and the component devices or parts used
 therein.
 B. Protective Device: A device that senses when an abnormal current flow exists and then
 removes the affected portion from the system.
 C. SCCR: Short-circuit current rating.
 D. Service: The conductors and equipment for delivering electric energy from the serving utility to
 the wiring system of the premises served.
 1.4 ACTION SUBMITTALS
 A. Product Data: For computer software program to be used for studies.
 B. Other Action Submittals: Submit the following submittals after the approval of system
 protective devices submittals. Submittals may be in digital form.
 1. Arc-flash study input data, including completed computer program input data sheets.
 2. Arc-flash study report; signed, dated, and sealed by a qualified professional engineer.
 a. Submit study report for action prior to receiving final approval of the distribution
 equipment submittals. If formal completion of studies will cause delay in
 equipment manufacturing, obtain approval from Architect for preliminary
 submittal of sufficient study data to ensure that the selection of devices and
 associated characteristics is satisfactory.
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 1.5 INFORMATIONAL SUBMITTALS
 A. Qualification Data: For Arc-Flash Study Specialist.
 B. Product Certificates: For arc-flash hazard analysis software, certifying compliance with
 IEEE 1584 and NFPA 70E.
 1.6 CLOSEOUT SUBMITTALS
 A. Maintenance procedures according to requirements in NFPA 70E shall be provided in the
 equipment manuals.
 B. Operation and Maintenance Procedures: In addition to items specified in Section 017823
 "Operation and Maintenance Data," provide maintenance procedures for use by Owner's
 personnel that comply with requirements in NFPA 70E.
 1.7 QUALITY ASSURANCE
 A. Studies shall use computer programs that are distributed nationally and are in wide use.
 Software algorithms shall comply with requirements of standards and guides specified in this
 Section. Manual calculations are unacceptable.
 B. Arc-Flash Study Specialist Qualifications: Professional engineer in charge of performing the
 study, analyzing the arc flash, and documenting recommendations, licensed in the state where
 Project is located. All elements of the study shall be performed under the direct supervision and
 control of this professional engineer.
 PART 2 - PRODUCTS
 2.1 COMPUTER SOFTWARE DEVELOPERS
 A. Software Developers: All subject to compliance with requirements.
 B. Comply with IEEE 1584 and NFPA 70E.
 C. Analytical features of device coordination study computer software program shall have the
 capability to calculate "mandatory," "very desirable," and "desirable" features as listed in
 IEEE 399.
 2.2 SHORT-CIRCUIT STUDY REPORT CONTENT
 A. Executive summary.
 B. Study descriptions, purpose, basis and scope.
 http://www.specagent.com/LookUp/?ulid=1919&mf=04&src=wd
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 C. One-line diagram, showing the following:
 1. Protective device designations and ampere ratings.
 2. Cable size and lengths.
 3. Transformer kilovolt ampere (kVA) and voltage ratings.
 4. Motor and generator designations and kVA ratings.
 5. Panelboard designations.
 D. Study Input Data: As described in "Power System Data" Article.
 E. Short-Circuit Study Output:
 1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the
 following for each overcurrent device location:
 a. Voltage.
 b. Calculated symmetrical fault-current magnitude and angle.
 c. Fault-point X/R ratio.
 d. No AC Decrement (NACD) ratio.
 e. Equivalent impedance.
 f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a
 symmetrical basis.
 g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis.
 F. Incident Energy and Flash Protection Boundary Calculations:
 1. Arcing fault magnitude.
 2. Protective device clearing time.
 3. Duration of arc.
 4. Arc-flash boundary.
 5. Working distance.
 6. Incident energy.
 7. Hazard risk category.
 8. Recommendations for arc-flash energy reduction.
 G. Fault study input data, case descriptions, and fault-current calculations including a definition of
 terms and guide for interpretation of the computer printout.
 2.3 ARC-FLASH WARNING LABELS
 A. Comply with requirements in Section 260553 "Identification for Electrical Systems." Produce a
 3.5-by-5-inch (76-by-127-mm) thermal transfer label of high-adhesion polyester for each work
 location included in the analysis.
 B. The label shall have an orange header with the wording, "WARNING, ARC-FLASH
 HAZARD," and shall include the following information taken directly from the arc-flash hazard
 analysis:
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 1. Location designation.
 2. Nominal voltage.
 3. Flash protection boundary.
 4. Hazard risk category.
 5. Incident energy.
 6. Working distance.
 7. Engineering report number, revision number, and issue date.
 C. Labels shall be machine printed, with no field-applied markings.
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine Project overcurrent protective device submittals. Proceed with arc-flash study only
 after relevant equipment submittals have been assembled. Overcurrent protective devices that
 have not been submitted and approved prior to arc-flash study may not be used in study.
 3.2 SHORT-CIRCUIT STUDY
 A. Perform study following the general study procedures contained in IEEE 399.
 B. Calculate short-circuit currents according to IEEE 551.
 C. Base study on the device characteristics supplied by device manufacturer.
 D. The extent of the electrical power system to be studied is indicated on Drawings.
 E. Begin analysis at the service, extending down to the system overcurrent protective devices as
 follows:
 1. To normal system low-voltage load buses where fault current is 10 kA or less.
 F. Study electrical distribution system from normal and alternate power sources throughout
 electrical distribution system for Project. Include studies of system-switching configurations
 and alternate operations that could result in maximum fault conditions.
 G. The calculations shall include the ac fault-current decay from induction motors, synchronous
 motors, and asynchronous generators and shall apply to low- and medium-voltage, three-phase
 ac systems and single line-to-ground faults.
 H. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and
 single line-to-ground fault at each of the following:
 1. Electric utility's supply termination point.
 2. Standby generators and automatic transfer switches.
 3. Branch circuit panelboards.
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 3.3 ARC-FLASH HAZARD ANALYSIS
 A. Comply with NFPA 70E and its Annex D for hazard analysis study.
 B. Use the short-circuit study output and the field-verified settings of the overcurrent devices.
 C. Calculate maximum and minimum contributions of fault-current size.
 1. The minimum calculation shall assume that the utility contribution is at a minimum and
 shall assume no motor load.
 2. The maximum calculation shall assume a maximum contribution from the utility and
 shall assume motors to be operating under full-load conditions.
 D. Calculate the arc-flash protection boundary and incident energy at locations in the electrical
 distribution system where personnel could perform work on energized parts.
 E. Include medium- and low-voltage equipment locations, except 240-V ac and 208-V ac systems
 fed from transformers less than 125 kVA.
 F. Safe working distances shall be specified for calculated fault locations based on the calculated
 arc-flash boundary, considering incident energy of 1.2 cal/sq.cm.
 G. Incident energy calculations shall consider the accumulation of energy over time when
 performing arc-flash calculations on buses with multiple sources. Iterative calculations shall
 take into account the changing current contributions, as the sources are interrupted or
 decremented with time. Fault contribution from motors and generators shall be decremented as
 follows:
 1. Fault contribution from induction motors should not be considered beyond three to five
 cycles.
 2. Fault contribution from synchronous motors and generators should be decayed to match
 the actual decrement of each as closely as possible (e.g., contributions from permanent
 magnet generators will typically decay from 10 per unit to three per unit after 10 cycles).
 H. Arc-flash computation shall include both line and load side of a circuit breaker as follows:
 1. When the circuit breaker is in a separate enclosure.
 2. When the line terminals of the circuit breaker are separate from the work location.
 I. Base arc-flash calculations on actual overcurrent protective device clearing time. Cap
 maximum clearing time at two seconds based on IEEE 1584, Section B.1.2.
 3.4 POWER SYSTEM DATA
 A. Obtain all data necessary for the conduct of the arc-flash hazard analysis.
 1. Verify completeness of data supplied on the one-line diagram on Drawings. Call
 discrepancies to the attention of Architect.
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 2. For new equipment, use characteristics submitted under the provisions of action
 submittals and information submittals for this Project.
 B. Gather and tabulate the following input data to support coordination study. Comply with
 recommendations in IEEE 1584 and NFPA 70E as to the amount of detail that is required to be
 acquired in the field. Field data gathering shall be under the direct supervision and control of
 the engineer in charge of performing the study, and shall be by the engineer or its representative
 who holds NETA ETT Level III certification or NICET Electrical Power Testing Level III
 certification.
 1. Product Data for overcurrent protective devices specified in other Sections and involved
 in overcurrent protective device coordination studies. Use equipment designation tags
 that are consistent with electrical distribution system diagrams, overcurrent protective
 device submittals, input and output data, and recommended device settings.
 2. Obtain electrical power utility impedance at the service.
 3. Power sources and ties.
 4. For transformers, include kVA, primary and secondary voltages, connection type,
 impedance, X/R ratio, taps measured in per cent, and phase shift.
 5. For reactors, provide manufacturer and model designation, voltage rating and impedance.
 6. For circuit breakers and fuses, provide manufacturer and model designation. List type of
 breaker, type of trip and available range of settings, SCCR, current rating, and breaker
 settings.
 7. Generator short-circuit current contribution data, including short-circuit reactance, rated
 kVA, rated voltage, and X/R ratio.
 8. For relays, provide manufacturer and model designation, current transformer ratios,
 potential transformer ratios, and relay settings.
 9. Busway manufacturer and model designation, current rating, impedance, lengths, and
 conductor material.
 10. Motor horsepower and NEMA MG 1 code letter designation.
 11. Low-voltage cable sizes, lengths, number, conductor material and conduit material
 (magnetic or nonmagnetic).
 12. Medium-voltage cable sizes, lengths, conductor material, and cable construction and
 metallic shield performance parameters.
 3.5 LABELING
 A. Apply one arc-flash label for 600-V ac, and applicable 208-V ac panelboards and disconnects
 and for each of the following locations:
 1. Low-voltage switchboards.
 3.6 APPLICATION OF WARNING LABELS
 A. Install the arc-fault warning labels under the direct supervision and control of the Arc-Flash
 Study Specialist.
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 B. Engage the Arc-Flash Study Specialist to train Owner's maintenance personnel in the potential
 arc-flash hazards associated with working on energized equipment and the significance of the
 arc-flash warning labels.
 END OF SECTION
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 SECTION 260923 - LIGHTING CONTROL DEVICES
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and Division 1 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. This Section includes the following lighting control devices:
 1. Time switches.
 2. Switch-box occupancy sensors.
 3. Indoor occupancy sensors.
 4. Multipole contactors.
 1.3 COMMISSIONING
 A. Section 01810, "General Commissioning Requirements" requires the engagement of a
 Commissioning Agent to document the completion of the photovoltaic and lighting control
 systems for the project. Comply with the requirements of Section 01810 as a Commissioning
 Team Member for the commissioning of the various building systems.
 1.4 SUBMITTALS
 A. Product Data: For each type of product indicated.
 1.5 QUALITY ASSURANCE
 A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
 Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
 intended use.
 1.6 COORDINATION
 A. Coordinate layout and installation of ceiling-mounted devices with other construction that
 penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, fire-
 suppression system, and partition assemblies.
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 PART 2 - PRODUCTS
 2.1 MANUFACTURERS
 A. In other Part 2 articles where titles below introduce lists, the following requirements apply to
 product selection:
 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 manufacturers specified.
 2.2 TIME SWITCHES
 A. Manufacturers:
 1. Leviton Mfg. Company Inc.
 2. Lithonia Lighting.
 3. Paragon Electric Co.
 4. Square D.
 5. TORK.
 B. Electromechanical-Dial Time Switches: Type complying with UL 917.
 1. Contact Configuration: SPST.
 2. Contact Rating: 30-A inductive or resistive, 240-V ac.
 3. Circuitry: Allow connection of a photoelectric relay as substitute for on and off function
 of a program.
 4. Astronomical time dial.
 5. Eight-Day Program: Uniquely programmable for each weekday and holidays.
 6. Skip-a-day mode.
 7. Wound-spring reserve carryover mechanism to keep time during power failures,
 minimum of 16 hours.
 2.3 SWITCH-BOX OCCUPANCY SENSORS
 A. Manufacturers:
 1. Sensor Switch, Inc.
 B. Description: PIR type with integral power-switching contacts rated for 800 W at 120-V ac,
 suitable for incandescent light fixtures, flourescent light fixtures with magnetic or electronic
 ballasts, or 1/6-hp motors; and rated for 1000 W at 277-V ac, suitable for incandescent light
 fixtures, flourescent light fixtures with magnetic or electronic ballasts, or 1/3-hp motors,
 minimum.
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 2.4 INDOOR OCCUPANCY SENSORS
 A. Manufacturers:
 1. Sensor Switch, Inc.
 B. Dual-Technology Type: Ceiling mounting; detect occupancy by using a combination of PIR
 and ultrasonic detection methods in area of coverage. Particular technology or combination of
 technologies that controls on and off functions shall be selectable in the field by operating
 controls on unit.
 1. Sensitivity Adjustment: Separate for each sensing technology.
 2. Detector Sensitivity: Detect occurrences of 6-inch minimum movement of any portion of
 a human body that presents a target of at least 36 sq. in., and detect a person of average
 size and weight moving at least 12 inches in either a horizontal or a vertical manner at an
 approximate speed of 12 inches/s.
 3. Detection Coverage (Standard Room): Detect occupancy anywhere within a circular area
 of 1000 sq. ft. when mounted on a 96-inch- high ceiling.
 2.5 MULTIPOLE CONTACTORS
 A. Manufacturers:
 1. Allen-Bradley/Rockwell Automation.
 2. ASCO Power Technologies, LP; a division of Emerson Electric Co.
 3. Cutler-Hammer; Eaton Corporation.
 4. Square D
 B. Description: Electrically operated and mechanically held, complying with NEMA ICS 2 and
 UL 508.
 1. Current Rating for Switching: Listing or rating consistent with type of load served,
 including tungsten filament, inductive, and high-inrush ballast (ballast with 15 percent or
 less total harmonic distortion of normal load current).
 2. Control-Coil Voltage: Match control power source. For contactors requiring a BAS
 interface, provide hardware interface (BacNet) to enable the BAS to monitor and control
 contactor, (Monitoring: On-Off Status, Control: On-Off Operation).
 2.6 CONDUCTORS AND CABLES
 A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12
 AWG, complying with Division 26 Section " Conductors and Cables."
 B. Classes 2 and 3 Control Cable: Multiconductor cable with stranded copper conductors not
 smaller than No. 18 AWG, complying with Division 26 Section "Conductors and Cables."
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 C. Class 1 Control Cable: Multiconductor cable with stranded copper conductors not smaller than
 No. 14 AWG, complying with Division 26 Section "Conductors and Cables."
 PART 3 - EXECUTION
 3.1 SENSOR INSTALLATION
 A. Install and aim sensors in locations to achieve at least 90 percent coverage of areas indicated.
 Do not exceed coverage limits specified in manufacturer's written instructions.
 3.2 WIRING INSTALLATION
 A. Wiring Method: Comply with Division 26 Section "Conductors and Cables." Minimum
 conduit size shall be 3/4".
 B. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points. Separate
 power-limited and nonpower-limited conductors according to conductor manufacturer's written
 instructions.
 C. Size conductors according to lighting control device manufacturer's written instructions, unless
 otherwise indicated.
 D. Splices, Taps, and Terminations: Make connections only on numbered terminal strips in
 junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures.
 3.3 IDENTIFICATION
 A. Identify components and power and control wiring according to Division 26 Section " Electrical
 Identification."
 B. Label time switches and contactors with a unique designation.
 3.4 FIELD QUALITY CONTROL
 A. Perform the following field tests and inspections and prepare test reports:
 1. After installing time switches and sensors, and after electrical circuitry has been
 energized, adjust and test for compliance with requirements.
 2. Operational Test: Verify actuation of each sensor and adjust time delays.
 B. Remove and replace lighting control devices where test results indicate that they do not comply
 with specified requirements.
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 C. Additional testing and inspecting, at Contractor's expense, will be performed to determine
 compliance of replaced or additional work with specified requirements.
 3.5 ADJUSTING
 A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion,
 provide on-site assistance in adjusting sensors to suit actual occupied conditions. Provide up to
 two visits to site outside normal occupancy hours for this purpose.
 END OF SECTION
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 SECTION 262416 - PANELBOARDS
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Section Includes:
 1. Lighting and appliance branch-circuit panelboards.
 1.3 ACTION SUBMITTALS
 A. Product Data: For each type of panelboard, switching and overcurrent protective device,
 accessory, and component indicated. Include dimensions and manufacturers' technical data on
 features, performance, electrical characteristics, ratings, and finishes.
 1.4 QUALITY ASSURANCE
 A. Source Limitations: Obtain panelboards, overcurrent protective devices, components, and
 accessories from single source from single manufacturer.
 B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for
 panelboards including clearances between panelboards and adjacent surfaces and other items.
 Comply with indicated maximum dimensions.
 C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
 by a qualified testing agency, and marked for intended location and application.
 D. Comply with NFPA 70.
 1.5 DELIVERY, STORAGE, AND HANDLING
 A. Remove loose packing and flammable materials from inside panelboards; install temporary
 electric heating (250 W per panelboard) to prevent condensation.
 1.6 COORDINATION
 A. Coordinate layout and installation of panelboards and components with other construction that
 penetrates walls or is supported by them, including electrical and other types of equipment,
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 raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces.
 Maintain required workspace clearances and required clearances for equipment access doors
 and panels.
 1.7 WARRANTY
 A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
 replace transient voltage suppression devices that fail in materials or workmanship within
 specified warranty period.
 1. Warranty Period: Five years from date of Substantial Completion.
 PART 2 - PRODUCTS
 2.1 GENERAL REQUIREMENTS FOR PANELBOARDS
 A. Enclosures: Flush- and surface-mounted cabinets.
 1. Rated for environmental conditions at installed location.
 a. Indoor Dry and Clean Locations: NEMA 250, Type 1.
 b. Outdoor Locations: NEMA 250, Type 3R.
 c. Kitchen Areas: NEMA 250, Type 4X, stainless steel.
 d. Other Wet or Damp Indoor Locations: NEMA 250, Type 4.
 2. Front: Secured to box with concealed trim clamps. For surface-mounted fronts, match
 box dimensions; for flush-mounted fronts, overlap box.
 3. Hinged Front Cover: Entire front trim hinged to box and with standard door within
 hinged trim cover.
 4. Finishes:
 a. Panels and Trim: galvanized steel, factory finished immediately after cleaning and
 pretreating with manufacturer's standard two-coat, baked-on finish consisting of
 prime coat and thermosetting topcoat.
 b. Back Boxes: Galvanized steel.
 c. Fungus Proofing: Permanent fungicidal treatment for overcurrent protective
 devices and other components.
 5. Directory Card: Inside panelboard door, mounted in metal frame with transparent
 protective cover.
 B. Incoming Mains Location: Top and bottom.
 C. Phase, Neutral, and Ground Buses:
 1. Material: Hard-drawn copper, 98 percent conductivity.
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 2. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment grounding
 conductors; bonded to box.
 3. Isolated Ground Bus: Adequate for branch-circuit isolated ground conductors; insulated
 from box.
 4. Extra-Capacity Neutral Bus: Neutral bus rated 200 percent of phase bus and UL listed as
 suitable for nonlinear loads.
 5. Split Bus: Vertical buses divided into individual vertical sections.
 D. Conductor Connectors: Suitable for use with conductor material and sizes.
 1. Material: Hard-drawn copper, 98 percent conductivity.
 2. Main and Neutral Lugs: Mechanical type.
 3. Ground Lugs and Bus-Configured Terminators: Mechanical type.
 4. Feed-Through Lugs: Mechanical type, suitable for use with conductor material. Locate
 at opposite end of bus from incoming lugs or main device.
 5. Subfeed (Double) Lugs: Mechanical type suitable for use with conductor material.
 Locate at same end of bus as incoming lugs or main device.
 6. Extra-Capacity Neutral Lugs: Rated 200 percent of phase lugs mounted on extra-
 capacity neutral bus.
 E. Future Devices: Mounting brackets, bus connections, filler plates, and necessary appurtenances
 required for future installation of devices.
 F. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit
 current available at terminals.
 2.2 DISTRIBUTION PANELBOARDS
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
 2. Siemens Energy & Automation, Inc.
 3. Square D; a brand of Schneider Electric.
 B. Panelboards: NEMA PB 1, power and feeder distribution type.
 C. Doors: Secured with vault-type latch with tumbler lock; keyed alike.
 1. For doors more than 36 inches high, provide two latches, keyed alike.
 D. Mains: Circuit breaker and Lugs only.
 E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and Smaller:
 Bolt-on circuit breakers.
 http://www.specagent.com/LookUp/?uid=123456817992&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803130&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456817994&mf=95&src=wd
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 F. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A:
 Bolt-on circuit breakers; where individual positive-locking device requires mechanical release
 for removal.
 2.3 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
 2. Siemens Energy & Automation, Inc.
 3. Square D; a brand of Schneider Electric.
 B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.
 C. Mains: Circuit breaker or lugs only.
 D. Branch Overcurrent Protective Devices: Bolt-on circuit breakers, replaceable without
 disturbing adjacent units.
 E. Doors: Concealed hinges; secured with flush latch with tumbler lock; keyed alike.
 2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
 2. Siemens Energy & Automation, Inc.
 3. Square D; a brand of Schneider Electric.
 B. Molded-Case Circuit Breaker (MCCB): Comply with UL 489, with interrupting capacity to
 meet available fault currents.
 1. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level
 overloads, and instantaneous magnetic trip element for short circuits. Adjustable
 magnetic trip setting for circuit-breaker frame sizes 250 A and larger.
 2. GFCI Circuit Breakers: Single- and two-pole configurations with Class A ground-fault
 protection (6-mA trip).
 3. Ground-Fault Equipment Protection (GFEP) Circuit Breakers: Class B ground-fault
 protection (30-mA trip).
 4. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:
 a. Standard frame sizes, trip ratings, and number of poles.
 b. Lugs: Mechanical style, suitable for number, size, trip ratings, and conductor
 materials.
 http://www.specagent.com/LookUp/?uid=123456817995&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803131&mf=95&src=wd
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 c. Application Listing: Appropriate for application; Type SWD for switching
 fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity
 discharge (HID) lighting circuits.
 d. Ground-Fault Protection: Integrally mounted relay and trip unit with adjustable
 pickup and time-delay settings, push-to-test feature, and ground-fault indicator.
 e. Multipole units enclosed in a single housing or factory assembled to operate as a
 single unit.
 f. Handle Padlocking Device: Fixed attachment, for locking circuit-breaker handle
 in on or off position.
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Receive, inspect, handle, and store panelboards according to NECA 407.
 B. Examine panelboards before installation. Reject panelboards that are damaged or rusted or have
 been subjected to water saturation.
 C. Examine elements and surfaces to receive panelboards for compliance with installation
 tolerances and other conditions affecting performance of the Work.
 D. Proceed with installation only after unsatisfactory conditions have been corrected.
 3.2 INSTALLATION
 A. Mount top of trim 90 inches above finished floor unless otherwise indicated.
 B. Mount panelboard cabinet plumb and rigid without distortion of box. Mount recessed
 panelboards with fronts uniformly flush with wall finish and mating with back box.
 C. Install overcurrent protective devices and controllers not already factory installed.
 1. Set field-adjustable, circuit-breaker trip ranges.
 D. Install filler plates in unused spaces.
 E. Stub four 1-inch empty conduits from panelboard into accessible ceiling space or space
 designated to be ceiling space in the future. Stub four 1-inch empty conduits into raised floor
 space or below slab not on grade.
 F. Arrange conductors in gutters into groups and bundle and wrap with wire ties after completing
 load balancing.
 G. Comply with NECA 1.
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 3.3 IDENTIFICATION
 A. Identify field-installed conductors, interconnecting wiring, and components; provide warning
 signs complying with Section 16075 "Electrical Identification."
 B. Create a directory to indicate installed circuit loads after balancing panelboard loads;
 incorporate Owner's final room designations. Obtain approval before installing. Use a
 computer or typewriter to create directory; handwritten directories are not acceptable.
 C. Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements
 for identification specified in Section 16075 "Electrical Identification."
 D. Device Nameplates: Label each branch circuit device in distribution panelboards with a
 nameplate complying with requirements for identification specified in Section 16075 "Electrical
 Identification."
 3.4 FIELD QUALITY CONTROL
 A. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect,
 test, and adjust components, assemblies, and equipment installations, including connections.
 3.5 ADJUSTING
 A. Adjust moving parts and operable component to function smoothly, and lubricate as
 recommended by manufacturer.
 B. Set field-adjustable circuit-breaker trip ranges as specified in Section 16055 "Overcurrent
 Protective Device Coordination."
 C. Load Balancing: After Substantial Completion, but not more than 60 days after Final
 Acceptance, measure load balancing and make circuit changes.
 1. Measure as directed during period of normal system loading.
 2. Perform load-balancing circuit changes outside normal occupancy/working schedule of
 the facility and at time directed. Avoid disrupting critical 24-hour services such as fax
 machines and on-line data processing, computing, transmitting, and receiving equipment.
 3. After circuit changes, recheck loads during normal load period. Record all load readings
 before and after changes and submit test records.
 4. Tolerance: Difference exceeding 20 percent between phase loads, within a panelboard, is
 not acceptable. Rebalance and recheck as necessary to meet this minimum requirement.
 END OF SECTION
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 SECTION 262726 - WIRING DEVICES
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Section Includes:
 1. Receptacles, receptacles with integral GFCI, and associated device plates.
 2. Snap switches and wall-box dimmers.
 3. Wall-switch occupancy sensors.
 4. Cord and plug sets.
 5. Floor service outlets and multioutlet assemblies.
 1.3 DEFINITIONS
 A. EMI: Electromagnetic interference.
 B. GFCI: Ground-fault circuit interrupter.
 C. Pigtail: Short lead used to connect a device to a branch-circuit conductor.
 D. RFI: Radio-frequency interference.
 E. TVSS: Transient voltage surge suppressor.
 F. UTP: Unshielded twisted pair.
 1.4 ADMINISTRATIVE REQUIREMENTS
 A. Coordination:
 1. Receptacles for Owner-Furnished Equipment: Match plug configurations.
 2. Cord and Plug Sets: Match equipment requirements.
 1.5 ACTION SUBMITTALS
 A. Product Data: For each type of product.
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 1.6 CLOSEOUT SUBMITTALS
 A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-
 label warnings and instruction manuals that include labeling conditions.
 PART 2 - PRODUCTS
 2.1 MANUFACTURERS
 A. Manufacturers' Names: Shortened versions (shown in parentheses) of the following
 manufacturers' names are used in other Part 2 articles:
 1. Cooper Wiring Devices; Division of Cooper Industries, Inc. (Cooper).
 2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).
 3. Leviton Mfg. Company Inc. (Leviton).
 4. Pass & Seymour/Legrand (Pass & Seymour).
 B. Source Limitations: Obtain each type of wiring device and associated wall plate from single
 source from single manufacturer.
 2.2 GENERAL WIRING-DEVICE REQUIREMENTS
 A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a
 qualified testing agency, and marked for intended location and application.
 B. Comply with NFPA 70.
 2.3 STRAIGHT-BLADE RECEPTACLES
 A. Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6
 Configuration 5-20R, UL 498, and FS W-C-596.
 1. Products: Subject to compliance with requirements, provide one of the following:
 a. Cooper.
 b. Hubbell.
 c. Leviton.
 d. Pass & Seymour.
 2.4 GFCI RECEPTACLES
 A. General Description:
 1. Straight blade, non-feed-through type.
 2. Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596.
 3. Include indicator light that shows when the GFCI has malfunctioned and no longer
 provides proper GFCI protection.
 B. Duplex GFCI Convenience Receptacles, 125 V, 20 A:
 http://www.specagent.com/LookUp/?ulid=2075&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456818081&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456818082&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803147&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803148&mf=95&src=wd
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 http://www.specagent.com/LookUp/?uid=123456818085&mf=95&src=wd
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 1. Products: Subject to compliance with requirements, provide one of the following:
 a. Cooper.
 b. Hubbell.
 c. Pass & Seymour.
 d. Leviton.
 2.5 CORD AND PLUG SETS
 A. Description:
 1. Match voltage and current ratings and number of conductors to requirements of
 equipment being connected.
 2. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with
 green-insulated grounding conductor and ampacity of at least 130 percent of the
 equipment rating.
 3. Plug: Nylon body and integral cable-clamping jaws. Match cord and receptacle type for
 connection.
 2.6 TOGGLE SWITCHES
 A. Comply with NEMA WD 1, UL 20, and FS W-S-896.
 B. Switches, 120/277 V, 20 A:
 1. Products: Subject to compliance with requirements, provide one of the following:
 1) Cooper.
 2) Hubbell.
 3) Leviton.
 4) Pass & Seymour.
 2.7 WALL-BOX DIMMERS
 A. Dimmer Switches: Modular, full-wave, solid-state units with integral, quiet on-off switches,
 with audible frequency and EMI/RFI suppression filters.
 B. Control: Continuously adjustable slider; with single-pole or three-way switching. Comply with
 UL 1472.
 C. Fluorescent Lamp Dimmer Switches: Modular; compatible with dimmer ballasts; trim
 potentiometer to adjust low-end dimming; dimmer-ballast combination capable of consistent
 dimming with low end not greater than 20 percent of full brightness.
 2.8 WALL PLATES
 A. Single and combination types shall match corresponding wiring devices.
 1. Plate-Securing Screws: Metal with head color to match plate finish.
 2. Material for Finished Spaces: 0.035-inch- thick, satin-finished, Type 302 stainless steel.
 http://www.specagent.com/LookUp/?ulid=2086&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456818101&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456818102&mf=95&src=wd
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 http://www.specagent.com/LookUp/?uid=123456818143&mf=95&src=wd
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 3. Material for Unfinished Spaces: Galvanized steel.
 4. Material for Damp Locations: Cast aluminum with spring-loaded lift cover, and listed
 and labeled for use in wet and damp locations.
 B. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-
 resistant, die-cast aluminum with lockable cover.
 2.9 FLOOR SERVICE FITTINGS
 A. Type: Modular, flush-type, dual-service units suitable for wiring method used.
 B. Compartments: Barrier separates power from voice and data communication cabling.
 C. Service Plate: Rectangular, solid brass with satin finish.
 D. Power Receptacle: NEMA WD 6 Configuration 5-20R, gray finish, unless otherwise indicated.
 E. Voice and Data Communication Outlet: Blank cover with bushed cable opening
 2.10 PREFABRICATED MULTIOUTLET ASSEMBLIES
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 1. Hubbell Incorporated; Wiring Device-Kellems.
 2. Wiremold/Legrand.
 B. Description:
 1. Two-piece surface metal raceway, with factory-wired multioutlet harness.
 2. Components shall be products from single manufacturer designed for use as a complete,
 matching assembly of raceways and receptacles.
 C. Raceway Material: Metal, with manufacturer's standard finish.
 2.11 FINISHES
 A. Device Color:
 1. Wiring Devices Connected to Normal Power System: As selected by Architect unless
 otherwise indicated or required by NFPA 70 or device listing.
 2. Wiring Devices Connected to Emergency Power System: Red.
 3. Isolated-Ground Receptacles: Orange.
 http://www.specagent.com/LookUp/?uid=123456818223&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803153&mf=95&src=wd
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 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise
 indicated.
 B. Coordination with Other Trades:
 1. Protect installed devices and their boxes. Do not place wall finish materials over device
 boxes and do not cut holes for boxes with routers that are guided by riding against outside
 of boxes.
 2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust,
 paint, and other material that may contaminate the raceway system, conductors, and
 cables.
 3. Install device boxes in brick or block walls so that the cover plate does not cross a joint
 unless the joint is troweled flush with the face of the wall.
 4. Install wiring devices after all wall preparation, including painting, is complete.
 C. Conductors:
 1. Do not strip insulation from conductors until right before they are spliced or terminated
 on devices.
 2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid
 scoring or nicking of solid wire or cutting strands from stranded wire.
 3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70,
 Article 300, without pigtails.
 D. Device Installation:
 1. Replace devices that have been in temporary use during construction and that were
 installed before building finishing operations were complete.
 2. Keep each wiring device in its package or otherwise protected until it is time to connect
 conductors.
 3. Do not remove surface protection, such as plastic film and smudge covers, until the last
 possible moment.
 4. Connect devices to branch circuits using pigtails that are not less than 6 inches in length.
 5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid
 conductor tightly clockwise, two-thirds to three-fourths of the way around terminal
 screw.
 6. Use a torque screwdriver when a torque is recommended or required by manufacturer.
 7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice
 No. 12 AWG pigtails for device connections.
 8. Tighten unused terminal screws on the device.
 9. When mounting into metal boxes, remove the fiber or plastic washers used to hold
 device-mounting screws in yokes, allowing metal-to-metal contact.
 E. Receptacle Orientation:
 1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted
 receptacles to the right.
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 F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount
 outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.
 G. Dimmers:
 1. Install dimmers within terms of their listing.
 2. Verify that dimmers used for fan speed control are listed for that application.
 3. Install unshared neutral conductors on line and load side of dimmers according to
 manufacturers' device listing conditions in the written instructions.
 H. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension
 vertical and with grounding terminal of receptacles on top. Group adjacent switches under
 single, multigang wall plates.
 I. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and
 furnishings.
 3.2 IDENTIFICATION
 A. Comply with Section 260553 "Electrical Identification."
 B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped,
 or engraved machine printing with black-filled lettering on face of plate, and durable wire
 markers or tags inside outlet boxes.
 3.3 FIELD QUALITY CONTROL
 A. Tests for Convenience Receptacles:
 1. Line Voltage: Acceptable range is 105 to 132 V.
 2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable.
 3. Ground Impedance: Values of up to 2 ohms are acceptable.
 4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943.
 5. Using the test plug, verify that the device and its outlet box are securely mounted.
 6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit
 breaker, poor connections, inadequate fault current path, defective devices, or similar
 problems. Correct circuit conditions, remove malfunctioning units and replace with new
 ones, and retest as specified above.
 END OF SECTION
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 SECTION 262813 - FUSES
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Section Includes:
 1. Cartridge fuses rated 600-V ac and less for use in control circuits, enclosed switches and
 enclosed controllers.
 2. Spare-fuse cabinets.
 1.3 ACTION SUBMITTALS
 A. Product Data: For each type of product indicated. Include construction details, material,
 dimensions, descriptions of individual components, and finishes for spare-fuse cabinets. Include
 the following for each fuse type indicated:
 1. Dimensions and manufacturer's technical data on features, performance, electrical
 characteristics, and ratings.
 2. Current-limitation curves for fuses with current-limiting characteristics.
 1.4 CLOSEOUT SUBMITTALS
 A. Operation and Maintenance Data: For fuses to include in emergency, operation, and
 maintenance manuals. In addition to items specified in Section 01782 "Operation and
 Maintenance Data," include the following:
 1. Ambient temperature adjustment information.
 2. Current-limitation curves for fuses with current-limiting characteristics.
 3. Coordination charts and tables and related data.
 1.5 MAINTENANCE MATERIAL SUBMITTALS
 A. Furnish extra materials that match products installed and that are packaged with protective
 covering for storage and identified with labels describing contents.
 1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than
 two of each size and type.
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 1.6 QUALITY ASSURANCE
 A. Source Limitations: Obtain fuses, for use within a specific product or circuit, from single
 source from single manufacturer.
 B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
 by a qualified testing agency, and marked for intended location and application.
 C. Comply with NFPA 70.
 1.7 COORDINATION
 A. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size
 and with system short-circuit current levels.
 PART 2 - PRODUCTS
 2.1 MANUFACTURERS
 A. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 1. Cooper Bussmann, Inc.
 2. Edison Fuse, Inc.
 3. Ferraz Shawmut, Inc.
 4. Littelfuse, Inc.
 2.2 CARTRIDGE FUSES
 A. Characteristics: NEMA FU 1, nonrenewable cartridge fuses with voltage ratings consistent
 with circuit voltages.
 2.3 SPARE-FUSE CABINET
 A. Characteristics: Wall-mounted steel unit with full-length, recessed piano-hinged door and key-
 coded cam lock and pull.
 1. Size: Adequate for storage of spare fuses specified with 15 percent spare capacity
 minimum.
 2. Finish: Gray, baked enamel.
 3. Identification: "SPARE FUSES" in 1-1/2-inch- high letters on exterior of door.
 4. Fuse Pullers: For each size of fuse, where applicable and available, from fuse
 manufacturer.
 http://www.specagent.com/LookUp/?ulid=2150&mf=95&src=wd
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 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine fuses before installation. Reject fuses that are moisture damaged or physically
 damaged.
 B. Examine holders to receive fuses for compliance with installation tolerances and other
 conditions affecting performance, such as rejection features.
 C. Examine utilization equipment nameplates and installation instructions. Install fuses of sizes
 and with characteristics appropriate for each piece of equipment.
 D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to
 fuse ratings.
 E. Proceed with installation only after unsatisfactory conditions have been corrected.
 3.2 FUSE APPLICATIONS
 A. Cartridge Fuses:
 1. Motor Branch Circuits: Class RK1, time delay.
 2. Other Branch Circuits: Class RK1, time delay.
 3. Control Circuits: Class CC, time delay.
 3.3 INSTALLATION
 A. Install fuses in fusible devices. Arrange fuses so rating information is readable without
 removing fuse.
 B. Install spare-fuse cabinet(s).
 3.4 IDENTIFICATION
 A. Install labels complying with requirements for identification specified in Section 260553
 "Electrical Identification" and indicating fuse replacement information on inside door of each
 fused switch and adjacent to each fuse block, socket, and holder.
 END OF SECTION
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 SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and other Division 1 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. This Section includes the following individually mounted, enclosed switches and circuit
 breakers:
 1. Fusible switches.
 2. Nonfusible switches.
 3. Molded-case circuit breakers.
 4. Enclosures.
 1.3 DEFINITIONS
 A. GD: General duty.
 B. GFCI: Ground-fault circuit interrupter.
 C. HD: Heavy duty.
 D. RMS: Root mean square.
 E. SPDT: Single pole, double throw.
 1.4 SUBMITTALS
 A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component
 indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical data
 on features, performance, electrical characteristics, ratings, and finishes.
 1. Enclosure types and details for types other than NEMA 250, Type 1.
 2. Current and voltage ratings.
 3. Short-circuit current rating.
 4. UL listing for series rating of installed devices.
 5. Features, characteristics, ratings, and factory settings of individual overcurrent protective
 devices and auxiliary components.
 B. Shop Drawings: Diagram power, signal, and control wiring.
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 C. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in
 emergency, operation, and maintenance manuals. In addition to items specified in Division 1
 Section " Operation and Maintenance Data," include the following:
 1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit
 breakers.
 2. Time-current curves, including selectable ranges for each type of circuit breaker.
 1.5 QUALITY ASSURANCE
 A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
 Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
 intended use.
 B. Comply with NFPA 70.
 C. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed
 switches and circuit breakers, including clearances between enclosures, and adjacent surfaces
 and other items. Comply with indicated maximum dimensions.
 1.6 COORDINATION
 A. Coordinate layout and installation of switches, circuit breakers, and components with other
 construction, including conduit, piping, equipment, and adjacent surfaces. Maintain required
 workspace clearances and required clearances for equipment access doors and panels.
 PART 2 - PRODUCTS
 2.1 MANUFACTURERS
 A. In other Part 2 articles where titles below introduce lists, the following requirements apply to
 product selection:
 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 manufacturers specified.
 2.2 FUSIBLE AND NONFUSIBLE SWITCHES
 A. Manufacturers:
 1. Eaton Corporation; Cutler-Hammer Products.
 2. Siemens Energy & Automation, Inc.
 3. Square D/Group Schneider.
 B. Fusible Switch, 1200 A and Smaller: NEMA KS 1, Type HD, with clips or bolt pads to
 accommodate specified fuses, lockable handle with capability to accept two padlocks, and
 interlocked with cover in closed position.
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 C. Nonfusible Switch, 1200 A and Smaller: NEMA KS 1, Type HD, lockable handle with
 capability to accept two padlocks, and interlocked with cover in closed position.
 D. Accessories:
 1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground
 conductors.
 2. Neutral Kit: Internally mounted; insulated, capable of being grounded, and bonded; and
 labeled for copper and aluminum neutral conductors.
 3. Auxiliary Contact Kit: Auxiliary set of contacts arranged to open before switch blades
 open.
 2.3 MOLDED-CASE CIRCUIT BREAKERS AND SWITCHES
 A. Manufacturers:
 1. Eaton Corporation; Cutler-Hammer Products.
 2. Moeller Electric Corporation.
 3. Siemens Energy & Automation, Inc.
 4. Square D/Group Schneider.
 B. Molded-Case Circuit Breaker: NEMA AB 1, with interrupting capacity to meet available fault
 currents.
 1. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level
 overloads and instantaneous magnetic trip element for short circuits. Adjustable
 magnetic trip setting for circuit-breaker frame sizes 250 A and larger.
 C. Molded-Case Circuit-Breaker Features and Accessories:
 1. Standard frame sizes, trip ratings, and number of poles.
 2. Lugs: Mechanical style with compression lug kits suitable for number, size, trip ratings,
 and conductor material.
 2.4 ENCLOSURES
 A. NEMA AB 1 and NEMA KS 1 to meet environmental conditions of installed location.
 1. Outdoor Locations: NEMA 250, Type 3R.
 2. Kitchen Areas: NEMA 250, Type 4X, stainless steel.
 3. Other Wet or Damp Indoor Locations: NEMA 250, Type 4.
 4. Hazardous Areas Indicated on Drawings: NEMA 250, Type 7C.
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance
 with installation tolerances and other conditions affecting performance.
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 B. Proceed with installation only after unsatisfactory conditions have been corrected.
 3.2 INSTALLATION
 A. Comply with applicable portions of NECA 1, NEMA PB 1.1, and NEMA PB 2.1 for installation
 of enclosed switches and circuit breakers.
 B. Mount individual wall-mounting switches and circuit breakers with tops at uniform height,
 unless otherwise indicated. Anchor floor-mounting switches to concrete base.
 C. Comply with mounting and anchoring requirements specified in Division 26 Section "Electrical
 Supports and Seismic Restraints."
 3.3 IDENTIFICATION
 A. Identify field-installed conductors, interconnecting wiring, and components; provide warning
 signs as specified in Division 26 Section "Electrical Identification."
 B. Enclosure Nameplates: Label each enclosure with engraved metal or laminated-plastic
 nameplate as specified in Division 26 Section "Electrical Identification."
 3.4 ADJUSTING
 A. Set field-adjustable switches and circuit-breaker trip ranges.
 3.5 CLEANING
 A. On completion of installation, vacuum dirt and debris from interiors; do not use compressed air
 to assist in cleaning.
 B. Inspect exposed surfaces and repair damaged finishes.
 END OF SECTION
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 SECTION 262913 - ENCLOSED CONTROLLERS
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Section includes the following enclosed controllers rated 600 V and less:
 1. Full-voltage manual.
 2. Full-voltage magnetic.
 1.3 DEFINITIONS
 A. MCCB: Molded-case circuit breaker.
 B. MCP: Motor circuit protector.
 C. N.C.: Normally closed.
 D. N.O.: Normally open.
 E. OCPD: Overcurrent protective device.
 1.4 ACTION SUBMITTALS
 A. Product Data: For each type of enclosed controller. Include manufacturer's technical data on
 features, performance, electrical characteristics, ratings, and enclosure types and finishes.
 1.5 INFORMATIONAL SUBMITTALS
 A. Load-Current and Overload-Relay Heater List: Compile after motors have been installed, and
 arrange to demonstrate that selection of heaters suits actual motor nameplate full-load currents.
 1.6 CLOSEOUT SUBMITTALS
 A. Operation and Maintenance Data: For enclosed controllers to include in emergency, operation,
 and maintenance manuals. In addition to items specified in Section 01782 "Operation and
 Maintenance Data," include the following:
 1. Routine maintenance requirements for enclosed controllers and installed components.
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 1.7 MATERIALS MAINTENANCE SUBMITTALS
 A. Furnish extra materials that match products installed and that are packaged with protective
 covering for storage and identified with labels describing contents.
 1. Fuses for Fused Switches: Equal to 10 percent of quantity installed for each size and
 type, but no fewer than three of each size and type.
 2. Control Power Fuses: Equal to 10 percent of quantity installed for each size and type, but
 no fewer than two of each size and type.
 1.8 QUALITY ASSURANCE
 A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
 by a qualified testing agency, and marked for intended location and application.
 B. Comply with NFPA 70.
 1.9 DELIVERY, STORAGE, AND HANDLING
 A. Store enclosed controllers indoors in clean, dry space with uniform temperature to prevent
 condensation. Protect enclosed controllers from exposure to dirt, fumes, water, corrosive
 substances, and physical damage.
 1.10 COORDINATION
 A. Coordinate layout and installation of enclosed controllers with other construction including
 conduit, piping, equipment, and adjacent surfaces. Maintain required workspace clearances and
 required clearances for equipment access doors and panels.
 PART 2 - PRODUCTS
 2.1 FULL-VOLTAGE CONTROLLERS
 A. General Requirements for Full-Voltage Controllers: Comply with NEMA ICS 2, general
 purpose, Class A.
 B. Motor-Starting Switches: "Quick-make, quick-break" toggle or push-button action; marked to
 show whether unit is off or on.
 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 a. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
 b. Siemens Energy & Automation, Inc.
 c. Square D; a brand of Schneider Electric.
 2. Configuration: Nonreversing.
 3. Surface mounting.
 4. Red and Green pilot light.
 http://www.specagent.com/LookUp/?uid=123456818249&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803165&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456818252&mf=95&src=wd
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 C. Fractional Horsepower Manual Controllers: "Quick-make, quick-break" toggle or push-button
 action; marked to show whether unit is off, on, or tripped.
 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 a. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
 b. Siemens Energy & Automation, Inc.
 c. Square D; a brand of Schneider Electric.
 2. Configuration: Nonreversing.
 3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping
 characteristics; heaters matched to nameplate full-load current of actual protected motor;
 external reset push button; bimetallic type.
 4. Surface mounting.
 5. Red and Green pilot light.
 D. Magnetic Controllers: Full voltage, across the line, electrically held.
 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 a. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
 b. Siemens Energy & Automation, Inc.
 c. Square D; a brand of Schneider Electric.
 2. Configuration: Nonreversing.
 3. Contactor Coils: Pressure-encapsulated type.
 a. Operating Voltage: Depending on contactor NEMA size and line-voltage rating,
 manufacturer's standard matching control power or line voltage.
 4. Power Contacts: Totally enclosed, double-break, silver-cadmium oxide; assembled to
 allow inspection and replacement without disturbing line or load wiring.
 5. Control Circuits: 120-V ac; obtained from integral CPT, with primary and secondary
 fuses, with CPT of sufficient capacity to operate integral devices and remotely located
 pilot, indicating, and control devices.
 a. CPT Spare Capacity: 100 VA.
 6. Bimetallic Overload Relays:
 a. Inverse-time-current characteristic.
 b. Class 20 tripping characteristic.
 c. Heaters in each phase matched to nameplate full-load current of actual protected
 motor and with appropriate adjustment for duty cycle.
 d. Ambient compensated.
 e. Automatic resetting.
 7. N.C. N.O., isolated overload alarm contact.
 8. External overload reset push button.
 E. Combination Magnetic Controller: Factory-assembled combination of magnetic controller,
 OCPD, and disconnecting means.
 1. Manufacturers: Subject to compliance with requirements, provide products by one of the
 following:
 a. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
 b. Siemens Energy & Automation, Inc.
 c. Square D; a brand of Schneider Electric.
 2. Fusible Disconnecting Means:
 http://www.specagent.com/LookUp/?uid=123456818253&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803166&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456818256&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456818261&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803168&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456818264&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456818265&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456803169&mf=95&src=wd
 http://www.specagent.com/LookUp/?uid=123456818268&mf=95&src=wd
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 a. NEMA KS 1, heavy-duty, horsepower-rated, fusible switch with clips or bolt pads
 to accommodate Class R indicated fuses.
 b. Lockable Handle: Accepts three padlocks and interlocks with cover in closed
 position.
 2.2 ENCLOSURES
 A. Enclosed Controllers: NEMA ICS 6, to comply with environmental conditions at installed
 location.
 1. Dry and Clean Indoor Locations: Type 1.
 2. Outdoor Locations: Type 3R.
 3. Kitchen Areas: Type 4X, stainless steel.
 4. Other Wet or Damp Indoor Locations: Type 4.
 5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:
 Type 12.
 2.3 ACCESSORIES
 A. General Requirements for Control Circuit and Pilot Devices: NEMA ICS 5; factory installed in
 controller enclosure cover unless otherwise indicated.
 1. Push Buttons, Pilot Lights, and Selector Switches: Heavy-duty, oiltight type.
 a. Push Buttons: Shrouded types; momentary as indicated.
 b. Pilot Lights: Incandescent types; colors as indicated; push to test.
 c. Selector Switches: Rotary type.
 B. Two (2) sets N.C. N.O. auxiliary contact(s).
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine areas and surfaces to receive enclosed controllers, with Installer present, for
 compliance with requirements and other conditions affecting performance of the Work.
 B. Examine enclosed controllers before installation. Reject enclosed controllers that are wet,
 moisture damaged, or mold damaged.
 C. Proceed with installation only after unsatisfactory conditions have been corrected.
 3.2 INSTALLATION
 A. Wall-Mounted Controllers: Install enclosed controllers on walls with tops at uniform height
 unless otherwise indicated, and by bolting units to wall or mounting on lightweight structural-
 steel channels bolted to wall. For controllers not at walls, provide freestanding racks complying
 with Section 260529 "Hangers and Supports for Electrical Systems."
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 B. Install fuses in each fusible-switch enclosed controller.
 C. Install fuses in control circuits if not factory installed. Comply with requirements in
 Section 262813 "Fuses."
 D. Install heaters in thermal overload relays. Select heaters based on actual nameplate full-load
 amperes after motors have been installed.
 3.3 IDENTIFICATION
 A. Identify enclosed controllers, components, and control wiring. Comply with requirements for
 identification specified in Section 260553 "Electrical Identification."
 3.4 CONTROL WIRING INSTALLATION
 A. Bundle, train, and support wiring in enclosures.
 B. Connect selector switches and other automatic-control selection devices where applicable.
 1. Connect selector switches to bypass only those manual- and automatic-control devices
 that have no safety functions when switch is in manual-control position.
 2. Connect selector switches with enclosed-controller circuit in both manual and automatic
 positions for safety-type control devices such as low- and high-pressure cutouts, high-
 temperature cutouts, and motor overload protectors.
 3.5 FIELD QUALITY CONTROL
 A. Tests and Inspections:
 1. Inspect controllers, wiring, components, connections, and equipment installation. Test
 and adjust controllers, components, and equipment.
 2. Test insulation resistance for each enclosed-controller element, component, connecting
 motor supply, feeder, and control circuits.
 3. Test continuity of each circuit.
 4. Verify that voltages at controller locations are within plus or minus 10 percent of motor
 nameplate rated voltages.
 5. Test each motor for proper phase rotation.
 END OF SECTION
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 SECTION 265119 - LED INTERIOR LIGHTING
 PART 1 - GENERAL
 1.1 SUMMARY
 A. Section Includes:
 1. Interior solid-state luminaires that use LED technology.
 2. Lighting fixture supports.
 B. Related Requirements:
 1. Section 260923 "Lighting Control" for automatic control of lighting, including time
 switches, photoelectric relays, occupancy sensors, and multipole lighting relays and
 contactors.
 1.2 DEFINITIONS
 A. CCT: Correlated color temperature.
 B. CRI: Color Rendering Index.
 C. Fixture: See "Luminaire."
 D. IP: International Protection or Ingress Protection Rating.
 E. LED: Light-emitting diode.
 F. Lumen: Measured output of lamp and luminaire, or both.
 G. Luminaire: Complete lighting unit, including lamp, reflector, and housing.
 1.3 ACTION SUBMITTALS
 A. Product Data: For each type of product, arranged by designation.
 B. Shop Drawings: For nonstandard or custom luminaires.
 1. Include plans, elevations, sections, and mounting and attachment details.
 2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, required
 clearances, method of field assembly, components, and location and size of each field
 connection.
 3. Include diagrams for power, signal, and control wiring.
 C. Product Schedule: For luminaires and lamps. Use same designations indicated on Drawings.
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 1.4 INFORMATIONAL SUBMITTALS
 A. Product Certificates: For each type of luminaire.
 1.5 CLOSEOUT SUBMITTALS
 A. Operation and maintenance data.
 1.6 WARRANTY
 A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that
 fail in materials or workmanship within specified warranty period.
 B. Warranty Period: Five year(s) from date of Substantial Completion.
 PART 2 - PRODUCTS
 2.1 LUMINAIRE REQUIREMENTS
 A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
 a qualified testing agency, and marked for intended location and application.
 B. Recessed Fixtures: Comply with NEMA LE 4.
 C. CRI of minimum 80. CCT of 3000 K.
 D. Lamps dimmable from 100 percent to 0 percent of maximum light output.
 E. Internal driver.
 2.2 DOWNLIGHT
 A. Retain this article for fixtures where the entire housing and mounting apparatus is installed flush
 with a ceiling.
 B. Manufacturers: Subject to compliance with requirements, available manufacturers offering
 products that may be incorporated into the Work include, but are not limited to the following:
 1. Amerlux.
 2. Columbia.
 3. Cooper Lighting.
 4. Lightolier; a Philips group brand.
 5. Lithonia Lighting; Acuity Brands Lighting, Inc.
 C. Universal mounting bracket.
 http://www.specagent.com/Lookup?ulid=11302
 http://www.specagent.com/Lookup?uid=123457000957
 http://www.specagent.com/Lookup?uid=123457000959
 http://www.specagent.com/Lookup?uid=123457000974
 http://www.specagent.com/Lookup?uid=123457000955
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 D. Integral junction box with conduit fittings.
 2.3 RECESSED LINEAR
 A. Retain this article for a linear-style luminaire that is recessed and mounted with the aperture
 flush to the ceiling. Use this type for "troffer" or "panel"-type luminaires.
 B. Manufacturers: Subject to compliance with requirements, available manufacturers offering
 products that may be incorporated into the Work include, but are not limited to the following:
 1. Cerno Group.
 2. Columbia.
 3. Cooper Lighting.
 4. Edge Lighting.
 5. Focal Point LLC.
 6. Lightolier; a Phillips group.
 7. Lithonia Lighting; Acuity Brands Lighting, Inc.
 C. Integral junction box with conduit fittings.
 2.4 SUSPENDED, LINEAR
 A. Retain this article for linear-style luminaires suspended from a structure used for general
 illumination. These fixtures may incorporate lenses, louvers, and multiple light distribution
 patterns for different applications, such as office lighting.
 B. Manufacturers: Subject to compliance with requirements, available manufacturers offering
 products that may be incorporated into the Work include, but are not limited to the following:
 1. Cerno Group.
 2. Columbia.
 3. Cooper Lighting.
 4. Edge Lighting.
 5. Focal Point LLC.
 6. Lightolier; a Philips group brand.
 7. Lithonia Lighting; Acuity Brands Lighting, Inc.
 C. Minimum [1,500] [2,000] [3,000] <Insert number> lumens. Minimum allowable efficacy of
 [85] <Insert number> lumens per watt.
 2.5 MATERIALS
 A. Metal Parts:
 1. Free of burrs and sharp corners and edges.
 2. Sheet metal components shall be steel unless otherwise indicated.
 http://www.specagent.com/Lookup?ulid=11308
 http://www.specagent.com/Lookup?uid=123457001022
 http://www.specagent.com/Lookup?uid=123457001024
 http://www.specagent.com/Lookup?uid=123457001018
 http://www.specagent.com/Lookup?ulid=11312
 http://www.specagent.com/Lookup?uid=123457001077
 http://www.specagent.com/Lookup?uid=123457001078
 http://www.specagent.com/Lookup?uid=123457001080
 http://www.specagent.com/Lookup?uid=123457001084
 http://www.specagent.com/Lookup?uid=123457001074
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 3. Form and support to prevent warping and sagging
 B. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under
 operating conditions, and designed to permit relamping without use of tools. Designed to
 prevent doors, frames, lenses, diffusers, and other components from falling accidentally during
 relamping and when secured in operating position.
 C. Diffusers, and Globes:
 1. Acrylic: One hundred percent virgin acrylic plastic, with high resistance to yellowing and
 other changes due to aging, exposure to heat, and UV radiation.
 2. Glass: Annealed crystal glass unless otherwise indicated.
 3. Lens Thickness: At least 0.125 inch (3.175 mm) minimum unless otherwise indicated.
 2.6 METAL FINISHES
 A. Variations in finishes are unacceptable in the same piece. Variations in finishes of adjoining
 components are acceptable if they are within the range of approved Samples and if they can be
 and are assembled or installed to minimize contrast.
 2.7 LUMINAIRE SUPPORT COMPONENTS
 A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems"
 for channel and angle iron supports and nonmetallic channel and angle supports.
 B. Single-Stem Hangers: 1/2-inch (13-mm) steel tubing with swivel ball fittings and ceiling
 canopy. Finish same as luminaire.
 C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage (2.68 mm).
 D. Rod Hangers: 3/16-inch (5-mm) minimum diameter, cadmium-plated, threaded steel rod.
 E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with
 threaded attachment, cord, and locking-type plug.
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. Comply with NECA 1.
 B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.
 C. Install lamps in each luminaire.
 D. Supports: Sized and rated for luminaire weight.
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 E. Flush-Mounted Luminaire Support: Secured to outlet box.
 F. Ceiling-Grid-Mounted Luminaires:
 1. Secure to any required outlet box.
 2. Secure luminaire using approved fasteners in a minimum of four locations, spaced near
 corners of luminaire.
 G. Comply with requirements in Section 260519 "Conductors and Cables" for wiring connections.
 H. Identify system components, wiring, cabling, and terminals. Comply with requirements for
 identification specified in Section 260553 "Identification for Electrical Systems."
 3.2 FIELD QUALITY CONTROL
 A. Perform the following tests and inspections:
 1. Operational Test: After installing luminaires, switches, and accessories, and after
 electrical circuitry has been energized, test units to confirm proper operation.
 2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation.
 Verify transfer from normal power to battery power and retransfer to normal.
 B. Luminaire will be considered defective if it does not pass operation tests and inspections.
 C. Prepare test and inspection reports.
 END OF SECTION
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 SECTION 270528 – PATHWAYS FOR TECHNOLOGY AND AUDIO/VISUAL
 PART 1 - GENERAL
 1.1 GENERAL PROVISIONS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and Division 1 Specification Sections, apply to this Section.
 1.2 SCOPE
 A. The work covered under this section shall include furnishing and installing a complete pathway
 for Technology (voice and data cabling) and Audio Visual. A pathway shall consist of all
 conduit, sleeves, boxes troughs and pullboxes as indicated on the drawings. Pull wires shall be
 installed in all pathways. All wiring, devices including faceplates are furnished and installed by
 others.
 B. Pathways for Technology and Audio/Visual shall also include extending the incoming service
 conduits. The incoming service conduits shall consist of two (2) 4" conduits for the telephone
 service and the two (2) 4" conduits for the data service. Install a pullwire in each conduit.
 PART 2 - PRODUCTS
 2.1 MATERIALS
 A. Refer to related specification sections for materials including Section 260529 Hangers and
 Supports for Electrical Systems, Section 260533 Raceways and Boxes.
 B. Refer to Technology and Audio Visual Drawings.
 PART 3 - EXECUTION
 3.1 INSTALLATION
 A. The contractor shall install a complete pathway as shown on the drawings.
 END OF SECTION
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 SECTION 31 1000 - SITE CLEARING
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. The provisions of the Contract Documents apply to the work of this Section.
 1.2 SUMMARY
 A. This Section includes the following:
 1. Protection of existing trees.
 2. Clearing and grubbing.
 3. Removal of trees and other vegetation.
 4. Topsoil stripping.
 1.3 DEFINITIONS
 A. Remove: Remove and legally dispose of items indicated. Removal includes digging out and off-site
 disposing of stumps and roots.
 B. Tree Protection Zone: The area surrounding individual trees or groups of trees to be protected
 during construction, and defined by the drip line of individual trees or the perimeter drip line of
 groups of trees, unless otherwise indicated.
 C. Topsoil: Friable, clay loam surface soil, found in varying depths.
 1.4 MATERIALS OWNERSHIP
 A. Except for stripped topsoil or other materials indicated to remain Owner's property, cleared
 materials shall become Contractor's property and shall be removed from Project site.
 1.5 SUBMITTALS
 A. Photographs or videotape, sufficiently detailed, of existing conditions of trees, plantings and other
 improvements adjoining the construction that might be misconstrued as damage caused by the Work.
 1.6 PROJECT CONDITIONS
 A. Traffic: Conduct site clearing operations to ensure minimum interference with roads, streets, walks,
 and other adjacent occupied or used facilities. Do not close or obstruct streets, walks or other
 occupied or used facilities without permission from authorities having jurisdiction.
 B. Protection of Existing Improvements: Provide protections necessary to prevent damage to existing
 improvements indicated to remain in place.
 1. Protect existing improvements on adjoining properties and on Owner's property.
 2. Restore existing improvements damaged by clearing operations to their original condition.
 C. The conditions existing at the time of inspection for bidding purposes will be maintained by the
 Owner to the extent practical. However, minor variations may occur due to natural occurrences
 prior to the start of clearing work.
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 D. Do not commence site-clearing operations until erosion and sedimentation control measures are in
 place.
 PART 2 - PRODUCTS
 2.1 TREE PROTECTION FENCING
 A. Tree protection fencing shall conform to standard and specification 3.38-2 (plastic fence) of the
 Virginia Erosion and Sediment Control Handbook.
 PART 3 – EXECUTION
 3.1 PROTECTION OF EXISTING TREES AND VEGETATION
 A. Install tree protection fencing as indicated. Erect and maintain a temporary fence around the drip
 line of individual trees or around the perimeter drip line of groups of trees to remain.
 1. Do not store construction materials, debris, topsoil or other excavated material within the tree
 protection zone.
 2. Do not permit vehicles or other equipment within the tree protection zone.
 3. Maintain tree protection zones free of weeds and trash.
 B. Protect existing trees and other vegetation indicated to remain in place, against unnecessary cutting,
 breaking or skinning of roots, skinning or bruising of bark, smothering of trees by stockpiling
 construction materials or excavated materials within drip line, excess foot or vehicular traffic, or
 parking of vehicles within drip line.
 C. Provide protection for roots over 1-1/2 inch diameter that are cut during construction operations.
 Coat cut faces with emulsified asphalt, or other acceptable coating, formulated for use on damaged
 plant tissues. Temporarily cover exposed roots with wet burlap to prevent roots from drying out;
 cover with earth as soon as possible.
 D. Repair or replace trees and vegetation indicated to remain which are damaged by construction
 operations, in a manner acceptable to Architect.
 3.2 SITE CLEARING
 A. General: Remove trees, shrubs, grass and other vegetation as required to permit installation of the
 Work. Cut minor roots and branches of trees indicated to remain in a clean and careful manner,
 where such roots and branches obstruct installation of the Work.
 B. Clearing and Grubbing: Clear site of trees, shrubs and other vegetation within the clearing limits
 indicated.
 1. Completely remove stumps, roots, and other debris.
 2. Use only hand methods for grubbing inside drip line of trees indicated to remain.
 3. Fill depressions caused by clearing and grubbing operations with satisfactory soil material,
 unless further excavation or earthwork is indicated. Place fill material in horizontal layers not
 exceeding 6 inches loose depth, and thoroughly compact to a density equal to adjacent original
 ground.
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 C. Selective Clearing: Clear areas designated as “Selective Clearing” of all ground covers, underbrush
 and trees less than 6-inches in diameter at breast height. Coordinate extent of material removed with
 Architect.
 1. Remove trees that appear to be dying or weakening for any reason and at any point during
 construction up to and including Substantial Completion at the Architect’s direction.
 3.3 TOPSOIL STRIPPING
 A. Remove heavy growths of grass from areas before stripping.
 B. Strip topsoil to whatever depths are encountered, but to a minimum of at least 4 inches.
 C. Strip topsoil in a manner to prevent intermingling with underlying subsoil or other material.
 1. Remove subsoil and nonsoil materials from topsoil, including trash, debris, weeds, roots,
 and other waste materials.
 D. Where existing trees are indicated to remain, leave existing topsoil in place within drip lines to
 prevent damage to root system.
 E. Temporarily stockpile topsoil in storage piles in areas indicated or directed. Construct storage piles
 to provide free drainage of surface water. Cover storage piles, if required, to prevent wind erosion.
 1. Do not stockpile topsoil within tree protection zones.
 2. Stockpile surplus topsoil to allow for respreading deeper topsoil.
 3.4 DISPOSAL OF WASTE MATERIALS
 A. Removal from Owner's Property: Remove waste materials generated by clearing operations from
 Owner's property and dispose of in a legal manner off-site.
 1. Remove waste materials and debris from the site in a manner to prevent spillage. Pavements
 and the area adjacent to the site shall remain free from mud, dirt and debris at all times.
 2. Clean up debris resulting from site clearing operations continuously with the progress of the
 work.
 END OF SECTION 31 1000
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 SECTION 31 2000 - EARTHWORK
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. The provisions of the Contract Documents apply to the work of this Section.
 B. Refer to Section 01 2110 and the Bid Form for information concerning required allowances and
 unit prices.
 C. Refer to Section 31 1000 for topsoil stripping and Section 32 9200 for topsoil placement.
 1.2 SUMMARY
 A. This Section includes the following:
 1. Excavation, filling, backfilling, and grading indicated and necessary for proper completion of
 the work.
 2. Preparing of subgrade for building slabs, walks, and pavements.
 3. Drainage/porous fill course for support of building slabs.
 4. Excavating and backfilling of trenches.
 5. Excavating and backfilling for underground mechanical and electrical utilities and buried
 mechanical and electrical appurtenances.
 1.3 SUBMITTALS
 A. VDOT approved Job Mix for stone.
 B. Imported fill (if required): Submit location of borrow pit and a sample of the soil for approval to the
 Owner’s Geotechnical Engineer a minimum of fourteen (14) working days prior to use
 C. Geotextile Fabric
 1.4 DEFINITIONS
 A. Excavation: Removal of all material (except for rock) encountered to design subgrade elevations
 indicated for cut areas and to subsoil elevations in fill areas. Excavation also includes subsequent
 respreading, moisture conditioning, compaction, and grading of satisfactory materials removed.
 B. Unauthorized Excavation: Removal of materials beyond the limits indicated in the definition of
 “Excavation” without specific direction of Architect.
 C. Additional Excavation: Removal, disposal and replacement of materials beyond the limits
 indicated in the definition of “Excavation” at the direction of the Architect. Refer to Part 3 of
 this Section for requirements of Additional Excavation.
 D. Subgrade: The undisturbed earth (in cut) or the compacted soil layer (in fill) immediately below
 granular subbase, drainage fill, or topsoil materials.
 E. Subsoil: The undisturbed earth immediately below the existing topsoil layer.
 F. Building Pad: The area extending 10 feet beyond the exterior limits of the building/column
 footings and down to undisturbed soils at a one horizontal to one vertical slope.
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 G. Structures: The area extending a minimum of ten (10) feet beyond the edge of foundations, slabs,
 curbs, underground tanks, piping or other man-made stationary features occurring above or below
 ground surface.
 H. Pavements: The area extending 10 feet beyond the exterior limits of paved areas and down to
 undisturbed soils at a one horizontal to one vertical slope. The area extending 3 feet beyond the
 exterior limits of walks and down to undisturbed soils at a one horizontal to one vertical slope
 I. Subbase Material: Artificially graded mixture of crushed gravel or crushed stone meeting VDOT
 specifications. Material type is indicated on the drawings.
 J. Drainage/Porous Fill: Washed, evenly graded mixture of crushed stone, or crushed or uncrushed
 gravel meeting the requirements of VDOT No. 57 Stone.
 K. Rock: Hard bed rock, boulders or similar material requiring the use of rock drills and/or
 explosives for removal. The criteria for classification of general excavation as rock is any material
 which cannot be dislodged by a Caterpillar D-8 Tractor, or equivalent, equipped with a single tooth
 hydraulically operated power ripper. The criteria for trench rock shall be that a Caterpillar 345
 Backhoe, or equivalent, with a proper width bucket cannot remove the material.
 1.5 ADDITIONAL WORK
 A. Paragraph 4.3.4 of General Conditions refers to certain conditions that may require additional
 excavation work. This paragraph is further defined herein and, where there are conflicts, is
 superseded by this section.
 B. Claims for concealed, unknown, or unanticipated subsurface conditions are limited to those
 circumstances where:
 1. Additional excavation work is required below the contract limits indicated to provide
 acceptable bearing for building pad, structures or pavements.
 2. Additional excavation work is required to raise, lower, or revise the footings, foundations or
 other parts of the building to provide acceptable bearing.
 3. Additional excavation work below the utility trench design elevations, for utilities outside the
 limits of the building, as required to provide acceptable bearing for the utility.
 4. Rock is encountered between existing grade and design subgrade.
 C. The risks of concealed, unknown, or unanticipated subsurface conditions (except for rock) from
 existing ground surface to the design subgrade elevations in cut areas and to subsoil elevations in
 fill areas shall be included in the Contract Amount and shall not be considered as grounds for
 additional costs to the Contract. The risks of concealed, unknown, or unanticipated subsurface
 conditions below the elevations stated above shall be considered as Additional Excavation.
 D. During construction, if concealed, unknown, or unanticipated subsurface conditions are
 encountered which require that footings, foundations or other parts of the building be raised,
 lowered or revised to provide acceptable bearing for the building or if, outside the building limits,
 additional depth of utility trench excavation below the design subgrade or subsoil elevations is
 required, immediately notify the Architect upon discovery of such condition prior to disturbing
 the material encountered.
 E. Payment for additional Work
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 1. Additional excavation shall be counted toward the unit price allowances established in the
 Bid Form. The Owner reserves the right to negotiate said unit price allowances prior to the
 Award of Contract.
 2. Lowering of footings shall be paid for at a negotiated amount. The additional excavation
 involved shall be counted toward the unit price allowance.
 3. Rock removal, if required, shall be counted toward the unit price allowances established in
 the Bid Form. All rock removal required to complete work other than trenching shall be paid
 for at the unit price for mass rock removal. Rock payment lines are limited to the following:
 a) Two feet outside of concrete work for which forms are required, except footings.
 b) One foot outside perimeter of footings, two feet below bottom of footings.
 c) In pipe trenches, 6 inches below invert elevation of pipe and 2 feet wider than outside
 diameter of pipe, but not less than 3 feet minimum trench width.
 d) Outside dimensions of concrete work where no forms are required.
 e) Under slabs on grade, 6 inches below bottom of concrete slab.
 4. No payment will be made for unauthorized excavation.
 5. The expense of surveying quantities of rock removal and additional excavation shall be
 included in the unit price allowances.
 1.6 EARTHWORK BALANCE ADJUSTMENTS
 A. Adjustments of grades may be allowed with prior written approval of the Architect in order to
 accommodate shortfall or surplus of material that may occur. Should adjustments be allowed,
 maintenance of designed drainage patterns and required adjustments to drainage structures shall
 be a Contract responsibility. No additional payment will be made for these adjustments.
 1.7 QUALITY ASSURANCE
 A. Codes and Standards: Perform excavation work in compliance with applicable requirements of
 authorities having jurisdiction.
 B. Environmental Compliance:
 1. Comply with the requirements of the latest edition of the Virginia Erosion and Sediment
 Control Handbook for erosion control during earthwork operations.
 2. Comply with the permit conditions for all work performed within wetlands.
 C. Testing and Inspection Service: Owner will employ and pay for an independent Geotechnical
 testing and inspection laboratory to perform soil testing and inspection service during earthwork
 operations. Cooperate with Owner’s Geotechnical Engineer as required for testing and inspection
 of work. These services do not relieve the responsibility for compliance with Contract Document
 requirements.
 1.8 PROJECT CONDITIONS
 A. Site Information: Data concerning subsurface materials or conditions, which are based on test
 borings, have been obtained by the Owner for his use in designing the project. This data is
 contained in reports titled “REPORT OF GEOTECHNICAL STUDY, PROPOSED
 RICHMOND POLICE EQUIESTRIAN CENTER, Richmond, Virginia” by Froehling &
 Robertson, Inc. dated May 2018 and “ADDENDUM TO REPORT OF GEOTECHNICAL
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 STUDY, PROPOSED RICHMOND POLICE EQUESTRIAN CENTER”, by Froehling &
 Robertson, Inc. dated May 15, 2018. The reports are included in this project manual for
 information only.
 1. The accuracy or completeness of the data is not warranted or guaranteed by the Owner or
 the Architect/Engineer, and in no event shall be considered part of the Contract
 Documents. The Owner and Architect/Engineer expressly disclaim any responsibility for
 the data as being representative of the conditions and materials that may be encountered.
 B. Bidders and interested parties (prior to receipt of bids) are encouraged to conduct their own soil
 and subsurface investigations, examinations, tests, and exploratory borings to determine the
 nature of the soil conditions underlying the project site. Contact the Owner's office to make an
 appointment to enter the site for the purpose of conducting your own investigation prior to bid.
 C. Existing Utilities: Do not interrupt existing utilities serving facilities occupied by the Owner of
 others except when permitted under the following conditions and then only after arranging to
 provide acceptable temporary utility services.
 1. Notify Architect not less than 48 hours in advance of proposed utility interruptions.
 2. Do not proceed with utility interruptions without receiving Architect’s written permission.
 3. Existing utilities across or along the line of work are indicated only in an approximate
 location. Locate all underground lines and structures. Call “Miss Utility” at 1-800-552-
 7001 prior to construction. If utilities are marked that are not shown on the plans, locate
 utility vertically and horizontally and provide information to architect. Repair and correct
 any damage to underground lines and structures.
 1.9 SAFETY
 A. Protection of Persons and Property: Barricade open excavations occurring as part of this work and
 post with warning lights.
 1. Operate warning lights as recommended by authorities having jurisdiction and governing
 regulations and standards.
 2. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused
 by settlement, lateral movement, undermining, washout, and other hazards created by
 earthwork operations.
 B. Work within the road right-of-way shall meet all requirements of the latest edition of the Virginia
 Department of Transportation Work Area Protection Manual.
 PART 2 - PRODUCTS
 2.1 SOIL MATERIALS
 A. Satisfactory soil materials are defined as those complying with ASTM D2487 soil classification
 groups CL, GC, SC, GW, GP, GM, SM, SW, and SP.
 B. Unsatisfactory soil materials are defined as those complying with ASTM D2487 soil classification
 groups CH, OL, OH, MH, ML and PT.
 C. Backfill and Fill Materials: Satisfactory soil materials free of clay, rock or gravel larger than 3
 inches in any dimension (2 inches for material used in trench backfill), debris, waste, frozen
 materials, organics, vegetation and other deleterious matter.
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 D. Imported material for structural fill shall comply with ASTM D2487 soil classification groups CL,
 ML, SC, SM, SP, SW, GC, GM, GP, or GW.
 2.2 ACCESSORIES
 A. Non-woven Geotextile Fabric (for drainage): Mirafi 140N, or equivalent.
 B. Woven Geotextile Fabric (for reinforcement): Mirafi HP 270, or equivalent.
 PART 3 – EXECUTION
 3.1 PREPARATION
 A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by
 settlement, lateral movement, undermining, washout, and other hazards created by earthwork
 operations.
 B. Preparation of subgrade for earthwork operations including removal of vegetation, topsoil,
 debris, obstructions, and deleterious materials from ground surface is specified in Section 311000
 "Site Clearing."
 C. Protect and maintain erosion and sedimentation controls during earthwork operations.
 3.2 DEWATERING
 A. Prevent surface water and subsurface or groundwater from flowing into excavations and from
 flooding project site and surrounding area.
 1. Do not allow water to accumulate in excavations. Remove water to prevent softening of
 foundation bottoms, undercutting footings, and soil changes detrimental to stability of
 subgrade and foundations. Provide and maintain pumps, well points, sumps, suction and
 discharge lines, and other dewatering system components necessary to convey water away
 from excavations.
 2. Establish and maintain temporary drainage ditches and other diversions outside excavation
 limits to convey rain water and water removed from excavations to collecting or runoff
 areas. Do not use utility trench excavations as temporary drainage ditches.
 B. Should any springs or running water be encountered in the excavation, notify the Architect and
 provide discharge by trenches (or other acceptable means) and drain to an appropriate point of
 disposal. Provide temporary drainage facilities to minimize the flow of rainwater onto adjacent
 property. Repair any damage to property or to subgrade as a result of construction and/or
 dewatering (or lack thereof) operations at no additional cost to the Contract. If permanent provision
 must be made for disposal of water other than as indicated, the Contract price shall be adjusted.
 3.3 EXCAVATION
 A. Excavation consists of removal, placement and disposal of material encountered when establishing
 required subgrade or finish grade elevations.
 1. Excavation includes removal and disposal of pavements and other obstructions visible on
 ground surface; underground structures, utilities and other items indicated to be demolished
 and removed; together with earth and other materials encountered that are not classified as
 rock or unauthorized excavation.
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 B. Rock Excavation: If Rock is encountered the Owner’s Geotechnical Engineer will verify that the
 material qualifies for classification as rock excavation.
 1. If rock is encountered in grading, remove to depths as follows:
 a) Under surfaced areas, to 6” under the respective subgrade for such areas.
 b) Under grass and planted areas - 12” below finished grade.
 c) Under footings – Two feet below bottom of footing, One foot outside of perimeter of
 footing.
 d) Under trenches – 6” below bottom of trench.
 2. The above are considered pay limits.
 3. Contractor shall employ a surveyor licensed in the Commonwealth of Virginia to calculate
 the quantity of material removed as Rock Excavation. The quantity of rock calculated shall
 not exceed the volume determined by the payment limits. The Owner’s Project
 Representative shall review the quantity calculated within 48 hours of receiving the survey
 notes.
 3.4 EXCAVATION FOR BUILDING PAD AND STRUCTURES
 A. Conform to elevations and dimensions indicated within a tolerance of plus or minus 0.10 foot,
 and extending a sufficient distance from footings and foundations to permit placing and removal
 of concrete formwork, installation of services, other construction and for review.
 B. Excavations for footings and foundations: Do not disturb bottoms of excavation. Excavate by hand
 to elevations required just before concrete reinforcement is placed. Trim bottoms to required lines
 and grades to leave solid base to receive other work.
 1. Where rock is encountered, carry excavation to required elevations and backfill with crushed
 stone prior to installation of footing.
 C. Excavation for Underground Tanks, Basins, and Mechanical or Electrical Structures: Conform to
 elevations and dimensions indicated within a tolerance of plus or minus 0.10 foot plus a sufficient
 distance to permit placing and removal of concrete formwork, installation of services, other
 construction and for review. Do not disturb bottom of excavations intended for bearing surface.
 3.5 EXCAVATION FOR WALKS AND PAVEMENTS
 A. Cut surface under pavements to comply with cross-sections, elevations and grades as indicated.
 3.6 EXCAVATION FOR UTILITY TRENCHES
 A. Excavate trenches to uniform width, sufficiently wide to provide ample working room and a
 minimum of 6 to 9 inches of clearance on both sides of pipe or conduit.
 B. Excavate trenches to depth indicated or required to establish indicated slope and invert elevations
 and to support bottom of pipe or conduit on undisturbed soil. Beyond building perimeter, excavate
 trenches to allow installation of top of pipe below frost line.
 1. Where rock is encountered, carry excavation to required elevations and backfill with VDOT
 #57 crushed stone prior to installation of pipe.
 2. For pipes or conduit less than 6 inches in nominal size, and for flat-bottomed, multiple-duct
 conduit units, do not excavate beyond indicated depths. Hand-excavate bottom cut to
 accurate elevations and support pipe or conduit on undisturbed soil.
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 3. For pipes and equipment 6 inches or larger in nominal size, shape bottom of trench to fit
 bottom of pipe for 90 degrees (bottom 1/4 of the circumference). Fill depressions with
 tamped sand backfill. At each pipe joint, dig bell holes to relieve pipe bell of loads ensure
 continuous bearing of pipe barrel on bearing surface.
 3.7 EXCAVATION STABILITY
 A. General: Comply with local codes, ordinances, and requirements of agencies having jurisdiction.
 B. Slope sides of excavations to comply with local codes, ordinances, and requirements of agencies
 having jurisdiction. Shore and brace where sloping is not possible because of space restrictions or
 stability of material excavated. Maintain sides and slopes of excavations in safe condition until
 completion of backfilling.
 C. Shoring and Bracing: Provide materials for shoring and bracing, such as sheet piling, uprights,
 stringers, and cross braces, in good serviceable condition. Maintain shoring and bracing in
 excavations regardless of time period excavations will be open. Extend shoring and bracing as
 excavation progresses.
 3.8 SUBGRADE INSPECTION
 A. Notify Architect when mass, trench and footing excavations have reached required subgrade.
 The Architect will arrange for an inspection of conditions by the Owner’s Geotechnical Engineer.
 Alternative procedures for arranging this review may be implemented at the Owner’s written
 option.
 B. If the Owner’s Geotechnical Engineer determines that the subgrade bearing conditions are
 unacceptable, the Architect will authorize additional excavation until suitable bearing conditions
 are encountered.
 C. Proof-roll subgrade below the building slabs, pavements and gravel pavements with heavy
 pneumatic-tired equipment to identify soft pockets and areas of excess yielding. Do not proof-
 roll wet or saturated subgrades.
 1. Completely proof-roll subgrade in one direction, repeating proof-rolling in direction
 perpendicular to first direction. Limit vehicle speed to 3 mph (5 km/h).
 2. Proof-roll with a loaded 10-wheel, tandem-axle dump truck weighing not less than 20 tons
 (13.6 tonnes).
 3. Excavate soft spots, unsatisfactory soils, and areas of excessive pumping or rutting, as
 determined by Architect, and replace with compacted backfill or fill as directed.
 D. Under supervision of the Owner’s Geotechnical Engineer, proofroll subgrade in cut areas below the
 building pad and pavement(s) with a loaded dump truck or other approved pneumatic tired vehicle.
 Should any unstable sub-soil be encountered below pavement or structures, break up the top eight
 inches of ground surface, pulverize, moisture-condition to optimum moisture content, and compact
 to percentage of maximum density as stated in Percentage of Maximum Density Requirements.
 Perform this work at no additional cost and/or time to the Contract.
 E. Reconstruct subgrades damaged by freezing temperatures, frost, rain, accumulated water, or
 construction activities, as directed by Architect, without additional compensation.
 3.9 ADDITIONAL EXCAVATION
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 A. Additional Excavation (Mass): Remove excavated materials and dispose of off-site in a legal
 manner as directed by the Architect. Replace this excavated material with satisfactory material
 placed and compacted according to the requirements of the “Placement and Compaction” section.
 B. Additional Excavation in Trenches: Remove excavated materials and dispose of off-site in a
 legal manner as directed by the Architect. Replace this excavated material with stone.
 C. Additional Excavation in Footings: Remove excavated materials and dispose of off-site in a legal
 manner as directed by the Architect. Replace this excavated material with lean concrete/flowable
 fill or with stone extending 12 inches laterally beyond the footing in all directions.
 D. The quantity of material removed as Additional Excavation (Mass, Trench or Footing) shall be
 calculated (on an in-situ basis) by a surveyor licensed in the Commonwealth of Virginia and
 employed by the Contractor. The Owner’s Project Representative shall review the quantity
 calculated within 48 hours of receiving the survey notes.
 E. Protect the subgrade during construction. During wet conditions, the subgrade soils may become
 saturated and soften, possibly resulting in damage to the subgrade if disturbed by equipment.
 Correct subgrade damaged in this manner. No additional payment will be made to correct
 subgrade damaged in this manner.
 3.10 UNAUTHORIZED EXCAVATION
 A. Correct Unauthorized Excavation as follows:
 1. Under footings, foundation bases, or retaining walls, fill unauthorized excavation by
 extending indicated bottom elevation of footing or base to excavation bottom without altering
 required top elevation. Lean concrete fill may be used to bring elevations to proper position
 when acceptable to Architect.
 2. Elsewhere, backfill and compact unauthorized excavations as indicated for authorized
 excavations of same classification unless otherwise directed by Architect.
 3.11 STORAGE OF EXCAVATED MATERIALS
 A. Temporarily stockpile excavated materials acceptable for use as backfill and fill. Place, grade, and
 shape stockpiles for proper drainage. Cover to prevent windblown dust.
 1. Stockpile excavated materials away from edge of excavations. Do not store within the drip
 line of trees to remain.
 3.12 BACKFILL AND FILL
 A. Backfill excavations as promptly as work permits, but not until completion of the following:
 1. Acceptance by local authority having jurisdiction of construction below finished grade,
 including perimeter insulation.
 2. Review, approval, and recording of the locations of underground utilities.
 3. Removal of concrete formwork.
 4. Removal of shoring and bracing (including backfilling of voids with satisfactory materials).
 5. Removal of trash and debris from excavation.
 6. Permanent or temporary horizontal bracing is in place on horizontally supported walls.
 B. Place backfill on subgrades free of mud, frost, snow or ice.
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 C. Ground Surface Preparation: Remove vegetation, debris, obstructions, and deleterious materials
 from ground surface prior to placement of fills.
 D. Bench sloped surfaces steeper than 1 vertical to 4 horizontal so fill material will bond with existing
 material. Plow, scarify, bench or break up sloped surfaces flatter than 1 vertical to 4 horizontal so
 fill material will bond with existing material.
 E. Place soil material in layers to required subgrade elevations, for each area classification listed
 below, using materials indicated in Part 2 of this Section.
 1. Under grassed areas, use satisfactory excavated or borrow material.
 2. Under walks, curbs, and pavements, use satisfactory excavated or borrow material.
 3. Under building slabs, use satisfactory excavated or borrow materials and drainage/porous
 fill material as indicated.
 3.13 UTILITY TRENCH BACKFILL
 A. Place backfill on subgrades free of mud, frost, snow, or ice.
 B. Place and compact bedding course on trench bottoms and where indicated. Shape bedding course
 to provide continuous support for bells, joints, and barrels of pipes and for joints, fittings, and
 bodies of conduits.
 C. Backfill trenches with concrete where trench excavations pass within 18 inches of column or wall
 footings and that are carried below bottom of such footings or that pass under wall footings.
 Place concrete to level of bottom of adjacent footing.
 D. Provide 4-inch- (100-mm-) thick, concrete-base slab support for piping or conduit less than 30
 inches (750 mm) below surface of roadways. After installing and testing, completely encase
 piping or conduit in a minimum of 4 inches (100 mm) of concrete before backfilling or placing
 roadway subbase.
 E. Place and compact initial backfill of subbase material, free of particles larger than 1 inch (25
 mm) in any dimension, to a height of 12 inches (300 mm) over the utility pipe or conduit.
 1. Carefully compact initial backfill under pipe haunches and compact evenly up on both
 sides and along the full length of utility piping or conduit to avoid damage or displacement
 of piping or conduit. Coordinate backfilling with utilities testing.
 F. Controlled Low-Strength Material: Place initial backfill of controlled low-strength material to a
 height of 12 inches (300 mm) over the utility pipe or conduit.
 G. Backfill voids with satisfactory soil while installing and removing shoring and bracing.
 H. Place and compact final backfill of satisfactory soil to final subgrade elevation.
 I. Controlled Low-Strength Material: Place final backfill of controlled low-strength material to
 final subgrade elevation.
 J. Install warning tape directly above utilities, 12 inches (300 mm) below finished grade, except 6
 inches (150 mm) below subgrade under pavements and slabs.
 K. Do not backfill trenches until any required testing and inspections have been completed and
 Architect authorizes backfilling. Backfill carefully to avoid damage or displacement of pipe
 systems.
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 L. Under piping and conduit and equipment, use crushed stone where required over rock bearing
 surface and for correction of unauthorized excavation. Shape excavation bottom to fit bottom 90
 degrees of cylinder.
 M. Place backfill and fill materials evenly adjacent to structures, piping, or conduit to required
 elevations. Prevent wedging action of backfill against structures or displacement of piping or
 conduit by carrying material uniformly around structure, piping, or conduit to approximately same
 elevation in each lift.
 3.14 SOIL MOISTURE CONTROL
 A. Uniformly moisten or aerate subgrade and each subsequent fill or backfill soil layer before
 compaction to within 3 percentage points of optimum moisture content.
 1. Do not place backfill or fill soil material on surfaces that are muddy, frozen, or contain frost
 or ice.
 2. Remove and replace, or scarify and air dry otherwise satisfactory soil material that exceeds
 optimum moisture content by 3 percentage points and is too wet to compact to specified
 dry unit weight.
 B. Moisture Control: Where subgrade or layer of soil material must be moisture conditioned before
 compaction, uniformly apply water to surface of subgrade or layer of soil material. Apply water
 in minimum quantity as necessary to prevent free water from appearing on surface during or
 subsequent to compaction operations. Maintain the moisture content of the structural fill
 materials to within 3 percentage points of the optimum moisture content until permanently
 covered.
 C. Remove and replace, or scarify and air dry, soil material that is too wet to permit compaction to
 required density.
 1. Stockpile or spread soil material that has been removed because it is too wet to permit
 compaction. Assist drying by discing, harrowing, or pulverizing until moisture content is
 reduced to a satisfactory value.
 2. Work wet materials as directed by the Owner’s Geotechnical Engineer. Base bids on working
 material daily for a maximum of five days of acceptable weather.
 3. No additional payment will be made for these operations.
 3.15 COMPACTION OF SOIL BACKFILL AND FILLS
 A. Place backfill and fill materials in layers not more than 8 inches in loose depth for material
 compacted by heavy compaction equipment, and not more than 4 inches in loose depth for
 material compacted by hand-operated tampers.
 B. Before compaction, moisten or aerate each layer as necessary to provide optimum moisture
 content. Compact each layer to required percentage of maximum dry density or relative dry
 density for each area classification. Do not place backfill or fill material on surfaces that are
 muddy, frozen, or contain frost or ice.
 C. Control soil and fill compaction, providing minimum percentage of density indicated for each
 area classification indicated below. Correct improperly compacted areas or lifts as directed by
 Architect if soil density tests indicate inadequate compaction.

Page 337
						

RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect’s Project No.: 563102 Owner’s Project No.: 0-28779
 EARTHWORK 31 2000 - 11
 D. Percentage of Maximum Density Requirements: Compact soil to not less than the following
 percentages of maximum density at a moisture content within 3 percentage points of optimum in
 accordance with ASTM D698:
 1. Under structures, building pad and pavements, compact each layer of backfill or fill material
 at 95 percent maximum density. This includes ground under future expansion areas.
 2. Under grass or unpaved areas, compact each layer of backfill or fill material at 90 percent
 maximum density.
 E. Seal all fill areas at the end of each working day, utilizing a smooth drum roller.
 3.16 GRADING
 A. General: Rough grading of areas within the Project, including cut and fill sections and adjacent
 transition areas, shall be reasonably smooth, compacted and free from irregular surface changes.
 The degree of finish shall be that ordinarily obtainable from either blade-grader or motor patrol
 except as otherwise indicated. The finished subgrade surface from the grassed areas generally shall
 be not more than 0.2 feet above or below the final grade or approved cross section, with due
 allowance for topsoil.
 B. The tolerance for areas within 10 feet of building perimeter, walks and all areas to be paved shall
 not exceed 0.10 feet above or below the established subgrade. Finish all ditches, swales and
 gutters to drain readily. Unless otherwise indicated, evenly slope the subgrade to provide
 drainage away from building walls in all directions at a grade not less than ¼ inch per foot.
 Provide rounding at top and bottom of cut and fill slopes and at other breaks in grade.
 C. Protection of Graded Areas: Protect newly graded areas and areas of cut, fill and design/subgrade
 elevations from the actions of the elements and from deterioration as a result of construction
 operations and weather conditions (frost, rains, snow, sleet, hail, etc.). Repair any settlement or
 washing that occurs prior to or after acceptance of the work. Fill to required subgrade levels any
 areas where settlement occurs. Protect trees to remain, and, at all areas of the Site where
 construction operations are in progress, provide protection for the safety of occupants of the
 existing facilities.
 D. General: Uniformly grade areas to a smooth surface, free of irregular surface changes. Comply
 with compaction requirements and grade to cross sections, lines, and elevations indicated.
 1. Provide a smooth transition between adjacent existing grades and new grades.
 2. Cut out soft spots, fill low spots, and trim high spots to comply with required surface
 tolerances.
 E. Site Grading: Slope grades to direct water away from buildings and to prevent ponding. Finish
 subgrades to required elevations within the following tolerances:
 1. Lawn or Unpaved Areas: Plus or minus 1 inch (25 mm).
 2. Walks: Plus or minus 1 inch (25 mm).
 3. Pavements: Plus or minus 1/2 inch (13 mm).
 F. Grading inside Building Lines: Finish subgrade to a tolerance of 1/2 inch (13 mm) when tested
 with a 10-foot (3-m) straightedge.
 3.17 CRUSHED ROCK COURSE:
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 A. General: Place crushed rock material, in layers of indicated thickness, over subgrade surface.
 B. Grade Control: During construction, maintain lines and grades including crown and cross-slope
 of subbase course.
 C. Shoulders: Place shoulders along edges of crushed rock course to prevent lateral movement.
 Construct shoulders of acceptable soil materials, placed in such quantity to compact to thickness
 of crushed rock course layer. Compact and roll at least at 12” width of shoulder simultaneously
 with compacting and rolling each layer of crushed rock course.
 D. Placing: Place crushed rock course material on prepared subgrade in layers of uniform thickness,
 conforming to indicated cross-section and thickness. Maintain optimum moisture content for
 compacting crushed rock material during placement operations.
 E. When a compacted crushed rock course is 6” thick or less, place material in a single layer. When
 more than 6” thick, place material in equal layers, except no single layer more than 6” or less
 than 3” in thickness when compacted.
 F. Place crushed rock course on subgrades free of mud, frost, snow, or ice.
 G. On prepared subgrade, place crushed rock course and subbase under walks as follows:
 1. Shape crushed rock course to required crown elevations and cross-slope grades.
 2. Place crushed rock course 6 inches (150 mm) or less in compacted thickness in a single
 layer.
 3. Place crushed rock course that exceeds 6 inches (150 mm) in compacted thickness in layers
 of equal thickness, with no compacted layer more than 6 inches (150 mm) thick or less than
 3 inches (75 mm) thick.
 4. Compact crushed rock course at optimum moisture content to required grades, lines, cross
 sections, and thickness to not less than 95 percent of maximum dry unit weight according
 to ASTM D 698.
 H. Pavement Shoulders: Place shoulders along edges of crushed rock course to prevent lateral
 movement. Construct shoulders, at least 12 inches (300 mm) wide, of satisfactory soil materials
 and compact simultaneously with each subbase and base layer to not less than 95 percent of
 maximum dry unit weight according to ASTM D 698.
 3.18 BUILDING SLAB DRAINAGE COURSE
 A. General: Place drainage/porous fill material, over subgrade surface to support concrete building
 slabs and sidewalks areas indicated.
 B. Place drainage course on subgrades free of mud, frost, snow, or ice.
 C. Placing: Place drainage/porous fill material on prepared subgrade in layers of uniform thickness,
 conforming to indicated cross-section and thickness. Maintain optimum moisture content for
 compacting material during placement operations.
 D. When a compacted drainage course is indicated to be 6 inches thick or less, place material in a
 single layer. When indicated to be more than 6 inches thick, place material in equal layers, except
 no single layer more than 6 inches or less than 3 inches in thickness when compacted.
 3.19 FIELD QUALITY CONTROL
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 A. Quality Control Testing During Construction: Allow testing service to inspect and approve each
 subgrade and fill layer before further backfill or construction work is performed.
 1. If in the opinion of the Architect, based on testing service reports and inspection, subgrade or
 fills have been placed that are below required density, perform additional compaction and
 testing until required density is obtained.
 B. The Owner will engage, and pay for, the services of a Geotechnical Engineer whose function
 shall be to afford complete engineering control by testing of the conditions of all footing
 subgrades, the placement of all structural fills under structures, building pad and pavement areas,
 and all compaction where required, and to observe the proof rolling of the building pad and
 pavement areas.
 C. The Owner’s Geotechnical Engineer will be present as deemed necessary during all phases of the
 Work requiring filling, compaction operations or testing. The Geotechnical Engineer will provide
 the Architect with written certification that fill and compaction was completed with accepted
 materials in accordance with the Documents, and give a professional opinion regarding shrinkage
 or settlement of fill and safe load bearing capacity of fill.
 D. Site Preparation and Proofrolling: The Owner’s Geotechnical Engineer will determine if any
 additional excavation or in-place densification is necessary to prepare a subgrade for fill
 placement for slab or pavement support.
 E. Fill Placement and Compaction: The Owner’s Geotechnical Engineer will witness all fill
 operations and take sufficient in-place density tests to verify that the indicated degree of fill
 compaction is achieved. The Owner’s Geotechnical Engineer will observe and approve borrow
 materials used and shall determine if their existing moisture contents are suitable/acceptable.
 F. Footing Excavation Review: The Owner’s Geotechnical Engineer will review the footing
 excavations for the building foundations. He will verify that the design bearing pressures are
 available and that no loose or soft areas exist beneath the bearing surfaces of the footing
 excavations.
 G. The Owner’s Geotechnical Engineer will submit two (2) copies each of his reports,
 recommendations and/or opinions to the Architect/Engineer and the Owner. Pertinent information
 will be provided to the Contractor as required.
 3.20 EROSION CONTROL:
 A. Provide erosion control methods in accordance with requirements of authorities having jurisdiction,
 the Virginia Erosion and Sediment Control Handbook, and as indicated in the Contract Documents.
 3.21 PROTECTION
 A. Repair and reestablish grades in settled, eroded, and rutted areas to indicated tolerances.
 B. Reconditioning Compacted Areas: Where subsequent construction operations or adverse weather
 disturbs completed compacted areas, scarify surface, reshape, and compact to required density
 prior to further construction.
 C. Settling: Where settling is measurable or observable at excavated areas during general project
 warranty period, remove surface (pavement, lawn, or other finish), add backfill material,
 compact, and replace surface treatment. Restore appearance, quality, and condition of surface or
 finish to match adjacent work, and eliminate evidence of restoration to greatest extent possible.
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 D. Protect excavation bottoms against freezing when atmospheric temperature is less than 35 degrees
 F.
 3.22 DISPOSAL OF WASTE MATERIALS
 A. Removal from Owner's Property: Remove excess and/or waste materials, including trash and
 debris, and dispose of it off Owner's property in a legal manner.
 B. Dispose of excess material and materials not acceptable for use as backfill or fill legally off-site.
 C. Do not remove topsoil from site until it has been demonstrated to the Owner’s satisfaction that it is
 excess.
 END OF SECTION 31 2000
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 SECTION 31 2100 – BIORETENTION SYSTEMS
 PART 1 – GENERAL
 1.1 RELATED DOCUMENTS
 A. Drawings and general provisions of the Contract, including General and Supplementary
 Conditions and Division 01 Specification Sections, apply to this Section.
 1.2 SUMMARY
 A. Work consists of ground preparation, underdrain installation, media installation and protection
 of bioinfiltration systems. Work including all excavation, installation operations, disposal of
 waste and other incidentals needed to complete work. This Section includes the following:
 1. Bioretention Soil Mix
 2. Underdrain Product Data
 1.3 SUBMITTALS
 A. Installer’s Qualifications: Provide a list, with references, of the past three projects of similar
 scope.
 B. Product Data: For each type of product indicated.
 C. Bioretention soil test report.
 D. Double Ring Infiltrometer Test Results
 E. Maintenance Schedule
 F. As-builts Drawings
 1.4 QUALITY ASSURANCE
 A. Installer’s Qualifications: Engage an experienced installer, who has successfully completed
 projects similar in size and complexity to this project.
 B. Pre-installation Conference: Conduct conference at project site to comply with requirements in
 Division 1 Section "Project Management and Coordination."
 C. Installer’s Field Supervision: Require Installer to maintain an experienced full-time supervisor
 on the project site when system construction is in progress.
 D. Bioretention Soil Mix: At least forty-five (45) days prior to the start of construction of
 bioretention facilities, the Contractor shall submit the source of the planting soil for the BSM to
 the EOR for approval. No time extensions will be granted should the proposed planting soil fail
 to meet the minimum requirements stated in Section 2.6. Once a stockpile of the planting soil
 has been sampled, no material shall be added to the stockpile.
 1.5 DELIVERY, STORAGE AND HANDLING
 A. Packaged Materials:
 1. Deliver packaged materials in original, unopened and undamaged containers showing
 weight, analysis and name of manufacturer.
 2. Protect materials from deterioration during delivery and while stored at site.
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 1.6 PROJECT CONDITIONS
 A. Examine the subgrade, verify the elevations and observe the conditions under which work is to
 be performed. Do not proceed with the work until unsatisfactory conditions have been
 corrected in a manner acceptable to the Installer.
 B. Determine location of underground utilities and perform work in a manner which will avoid
 possible damage. Hand excavate as required.
 C. Protect existing utilities, paving and other facilities from damage caused by construction
 operations. When conditions detrimental to infiltration are encountered notify Engineer before
 proceeding.
 D. Provide all necessary safeguards for the protection of all constructed areas until Final
 Acceptance.
 1.7 WARRANTY
 A. Warranty materials and installation for a period of one (1) year after date of Final Acceptance
 against defects including sedimentation, except for defects resulting from neglect by Owner,
 abuse or damage by others, or unusual phenomena or incidents which are beyond Contractor’s
 control.
 B. It shall be the Contractor’s responsibility during the warranty period to provide written notice of
 any maintenance practice to the Owner which in their opinion will affect the guarantee if not
 remedied promptly. The Engineer will render an opinion of the conflict if necessary.
 1.8 MAINTENANCE
 A. The Contractor is responsible for maintaining all Bioretention systems until Final Acceptance.
 The Owner is responsible for maintaining all Bioretention systems throughout the warranty
 period according to the submitted Maintenance Schedule. A general maintenance task and
 frequency table is included below.
 1. Any erosion that takes place in the soil and mulch layer shall be corrected during
 construction.
 2. Prevent sediment from entering area. Litter and sediment deposits should be removed
 immediately. If sediment deposits in the filter strip cause water to pond on pavement,
 remove the sediment. When additional land disturbing activity takes place in the area
 draining to the basin, effective erosion and sediment control measures must be put in
 place to exclude sediments from the basin.
 3. Sediment disposal: Sediment disposal should be in accordance with current procedures
 for disposal of sediment.
 Maintenance Tasks Frequency
 Mowing of grass filter strips and Bioretention turf cover At least 4 times a year
 Spot weeding, erosion repair, trash removal, and mulch
 rakingTwice during growing season
 Add reinforcement planting to maintain desired the
 vegetation density
 Remove invasive plants using recommended control
 methods
 Stabilize the contributing drainage area to prevent erosion
 As needed
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 Spring inspection and cleanup
 Supplement mulch to maintain a 3 inch layer
 Prune trees and shrubs
 Annually
 Remove sediment in pre-treatment cells and inflow points Once every 2 to 3 years
 PART 2 – PRODUCTS
 2.1 BIORETENTION SOIL
 A. Composition: Greater than 75% percent construction sand, 3-5 percent organic matter, and no
 more than 10% clay and at least 10% but no more than 20% silt + clay.
 B. Soil Acidity: Desired soil pH between 5.5 and 6.5.
 C. Soil Testing: The planting soil for Bioretention shall be tested prior to installation for pH,
 organic matter and other chemical constituents. The soil should meet the following criteria:
 1. pH Range: 5.5-6.5
 2. Organic Matter: 3 percent or greater
 3. Magnesium (Mg): 100+ Units
 4. Phosphorus (P2 05): 150+ Units
 5. Potassium (K2 0): 120+ Units
 6. Soluble Salts: Not to exceed 900 ppm/.9 MMHOS/cm (soil)
 Not to exceed 3,000 ppm/2.5 MMHOS/cm (organic mix)
 2.2 UNDERDRAIN PIPE AND FITTINGS
 A. Provide drainage pipes complete with bends, reducers, adapters, couplings, collars, and joint
 materials.
 1. Perforated Polyethylene Pipe: ASTM F405.
 2. Corrugated Polyethylene Pipe (P.E.): Shall have a smooth lined interior and meet the
 requirements of ASTM F405 or AASHTO M252 for 10” diameter and smaller, and
 ASTM F667 or AASHTO M294 for 12” diameter and larger.
 2.3 2.3 TURFGRASS SOD
 A. Turfgrass Sod: Complying with TPI's "Specifications for Turfgrass Sod Materials" in its
 "Guideline Specifications to Turfgrass Sodding." Bioinfiltration sod shall be grown on sandy
 loam topsoil. Comply with ASPA specifications for machine cut thickness, size, strength,
 moisture content, and mowed height and free of weeds and undesirable native grasses. Provide
 viable sod of uniform density, color, and texture, strongly rooted, and capable of vigorous
 growth and development when planted. Provide the following turfgrass species:
 1. 90% Tall Fescue (Festuca arundinacea). 10% Kentucky bluegrass (Poa pratensis) mix.
 B. All sod shall be Gold Tag certified by the Virginia Crop Improvement Association.
 2.4 GEOTEXTILE
 Non-woven Geotextile Fabric (for drainage): Mirafi 140N, or equivalent.
 2.5 MULCHES
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 A. Organic Mulch: Six (6) month old well rotted double shredded native hardwood bark mulch not
 larger than 4 inches in length and ½ inch in width, free of woodchips and sawdust.
 B. Pine Bark Mulch: Medium grade pine bark mulch free from matter injurious to plant growth.
 C. Pine Straw: Dry, free of debris, pine cones and soil. Slash Pine (Pinus elliotti), Longleaf Pine
 (Pinus Palustris) or Loblolly (Pinus taeda) applied at rate of 1 bale per 50 sq. ft.
 PART 3 – EXECUTION
 3.1 EXAMINATION
 A. Examine areas to construct bioretention systems for compliance with requirements and
 conditions affecting installation and performance. Proceed with installation only after
 unsatisfactory conditions have been corrected.
 3.2 PREPARATION
 A. Protect structures, utilities, sidewalks, pavements, and other facilities, and lawns and existing
 plants from damage caused by installation operations.
 B. Provide erosion-control measures to prevent erosion or displacement of soils and discharge of
 soil-bearing water runoff or airborne dust to adjacent properties and walkways.
 3.3 BIORETENTION ESTABLISHMENT
 A. Construction: Bioretention facilities shall not be constructed until all contributing drainage
 areas are stabilized as shown on the Contract Plans and to the satisfaction of the Engineer.
 Bioretention facilities shall not be used as sediment control facilities. No heavy equipment shall
 operate within the perimeter of a bioretention facility during excavation, underdrain placement,
 backfilling, planting, or mulching of the facility.
 B. Excavation: The bioretention facility shall be excavated to the dimensions, side slopes, and
 elevations shown on the Contract Drawings. The method of excavation shall minimize the
 compaction of the bottom of the bioretention facility. Excavators and backhoes, operating on
 the ground adjacent to the bioretention facility, shall be used to excavate the facility if possible.
 Low ground-contract pressure equipment may also be used for excavation. No heavy
 equipment shall be allowed on the bottom of the bioretention facility. Excavated materials shall
 be removed from the bioretention facility site. Excavated materials shall be used or disposed of
 in conformance with Section 02300 “Earthwork”. Prior to placing the underdrain and the BSM,
 the bottom of the excavation shall be rototilled to a minimum depth of 6 inches to alleviate any
 compaction of the facility bottom. Any substitute method for rototilling must be approved by
 the Engineer prior to use. Any ponded water shall be removed from the bottom of the facility
 and the soil shall be friable before rototilling.
 C. Underdrain: The underdrain system shall be placed on a 3 foot wide bed of No. 57 aggregate.
 The minimum thickness of the ASTM No. 57 aggregate shall be 3 inches. Underdrain shall be
 covered with 6 inches of No. 57 aggregate and topped with an additional layer of No. 7
 aggregate (layer thickness shall be 2 inches minimum). All aggregate shall be placed according
 to dimensions shown on the Contract Plans. Observation wells/cleanouts of 6 inch non-
 perforated pipe shall be placed vertically in the bioretention facility as shown on the Contract
 Plans. The wells/cleanouts shall be connected to the perforated underdrain with the appropriate
 manufactured connections as shown on the Contract Plans. The wells/cleanouts shall extend 6
 inches above the top elevation of the bioretention facility mulch, and shall be capped with a
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 screw cap. The ends of the underdrain pipes not terminating in an observation well/cleanout
 shall be capped.
 D. Placement and Compaction of the Bioretention Soil Mixture: The Bioretention Soil Mixture
 (BSM) shall be placed and graded using low ground-contact pressure equipment or by
 excavators and/or backhoes operating on the ground adjacent to the bioretention facility. No
 heavy equipment shall be used within the perimeter of the bioretention facility before, during or
 after the placement of the BSM. The BSM shall be placed in horizontal layers not to exceed 12
 inches for the entire area of the bioretention facility. The BSM shall be compacted by
 saturating the entire area of the bioretention facility after each lift of the BSM is placed until
 water flows from the underdrain. Water for saturation shall be applied by spraying or
 sprinkling. Saturation of each lift shall be performed in the presence of the Engineer. An
 appropriate sediment control device shall be used to treat any sediment-laden water discharged
 from the underdrain. If the BSM becomes contaminated during the construction of the facility,
 the contaminated material shall be removed and replaced with uncontaminated material at no
 additional cost to the Administration. Final grading of the BSM shall be performed after a 24-
 hour settling period. Final elevations shall be within 2 inches of elevations shown on the
 Contract Plans.
 E. Sod (if called for on the plans) shall be placed in accordance with TPI's "Specifications for
 Turfgrass Sod Materials" in its "Guideline Specifications to Turfgrass Sodding." Installed sod
 shall be aerated with a plug aerator, plugs to be a maximum of 1’ on center throughout the
 bottom of the bioinfiltration basin.
 3.4 CLEANUP AND PROTECTION
 A. During installation, keep adjacent paving and construction clean and work area in an orderly
 condition. All reasonable precautions shall be taken to avoid damage to existing structures,
 plaza, walls, and plants. When bioretention area has been completed, the area shall be
 thoroughly cleaned.
 B. Protect adjacent stabilized surfaces from damage due to bioretention system installation
 operations, operations by other Installer’s and trades, and others. Maintain protection during
 installation and maintenance periods. Treat, repair, or replace damaged facilities.
 3.5 DISPOSAL
 A. Disposal: Remove surplus soil and waste material, including excess subsoil, unsuitable soil,
 trash, and debris, and legally dispose of them off Owner’s property.
 PART 4 – TESTING
 A. After complete site stabilization and prior to final acceptance each individual bioretention
 system shall be subjected to a Double Ring Infiltrometer Test in accordance with ASTM
 D3385. Minimum infiltration rate shall be 1” per hour.
 B. The Owner will engage, and pay for, the services of a Geotechnical Engineer whose function
 shall be to monitor the conditions of all bioretention system subgrades, the installation of any
 underdrains, the placement of all materials, and all compaction where required.
 C. Any defects discovered during this test shall be repaired at no additional cost to the Owner and
 the test repeated until the results are satisfactory to the Engineer.
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 D. The Owner’s Geotechnical Engineer will submit two (2) copies each of his reports,
 recommendations and/or opinions to the Engineer and the Owner. Pertinent information will be
 provided to the Contractor as required.
 PART 5 – AS-BUILT REQUIREMENTS
 A. During installation Contractor shall maintain photo documentation of the installation. Photos
 shall include: prior to excavation, complete excavation, underdrain installation, stone
 placement, media placement and final configuration. Photos shall be taken from the same spot
 relative to each bioinfiltration basin and shall include a method for confirming the depths of
 each layer of material.
 B. Contractor shall provide a surveyed topography of each bioinfiltration basin at completion of
 excavation and before stone placement. Topography should be signed by a surveyor licensed in
 the state of construction.
 C. Contractor shall provide surveyed elevations (rim and inverts) for all storm facilities entering,
 within and exiting the bioinfiltration basin.
 END OF SECTION 31 2100
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 SECTION 31 2500 - EROSION CONTROL
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS:
 A. The provisions of the Contract Documents apply to the work of this Section.
 B. The Virginia Erosion and Sediment Control Handbook, latest edition.
 1.2 SUMMARY
 A. This Section includes the installation, maintenance and removal of erosion control measures
 required for prevention of sediment leaving the project site.
 B. This Section also includes the requirement to file the Virginia Stormwater Management Program
 (VSMP) General Permit Registration Statement for Storm Water Discharges from Construction
 Activities with the State Department of Environmental Quality / Richmond Stormwater
 Management Permit (RSMP) with the City of Richmond.
 1.3 EROSION AND SEDIMENT CONTROL PERMIT
 A. Prior to commencement of work, obtain a copy of the approved Erosion and Sediment Control
 Plan from the City of Richmond.
 B. Transfer RSMP with the City of Richmond.
 C. Post Erosion and Sediment Control Bond with the City of Richmond.
 D. Schedule a pre-construction conference on-site with the Architect and City of Richmond. Hold
 this meeting prior to the start of any construction activities.
 1.4 VSMP REGISTRATION
 A. Prior to commencement of work, register / transfer the existing registration for the site with the
 State Department of Environmental Quality (DEQ)/local reviewing authority per the
 requirements of the Virginia Stormwater Management Program (VSMP). The site must be
 registered to the Contractor’s Responsible Land Disturber prior to the start of construction
 activities. Contractor is responsible for all VSMP related fees.
 B. Utilize the following process for registering the site:
 1. Complete the 2014 VSMP Registration Statement (DEQ 199-146) local reviewing agency
 form.
 2. Utilizing the approved Erosion and Sediment Control Plan as a base, prepare the required
 Stormwater Pollution Prevention Plan (SWPPP). At a minimum, the additional
 information required on the SWPPP includes:
 a) A description of any potential pollution sources such as vehicle fueling areas,
 storage of fertilizers and chemicals, and sanitary waste facilities. Identify the
 proposed location of these items on the site.
 b) A description of the pollution prevention measures associated with these potential
 pollution sources.
 c) The plan shall be labelled “Storm Water Pollution Prevention Plan”.
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 3. File the completed Registration Statement, Stormwater Pollution Prevention Plan and a
 registration fee with the Virginia Department of Environmental Quality.
 C. During construction, the following requirements shall be met:
 1. A copy of the Stormwater Pollution Prevention Plan (SWPPP) shall be kept at the job site
 at all times.
 2. Amend the SWPPP as necessary to account for significant changes in design, construction
 or maintenance that would increase the pollution potential of the site. File a copy of the
 amended plan with DEQ and with the Architect.
 3. The Responsible Land Disturber shall perform weekly inspections of the erosion and
 sediment control measures. Inspection reports shall be filed as an appendix to the SWPPP.
 4. Contractor is responsible for required VSMP renewals.
 D. Following final acceptance of the site by the Owner and sign off by the City of Richmond
 Environmental Inspector, file a Notice of Termination with the Virginia Department of
 Environmental Quality / City of Richmond.
 1.5 Submittals
 A. Responsible Land Disturber registration information.
 B. A copy of the RSMP/VSMP transfer application.
 C. Copies of the weekly Erosion Control Measure inspection reports. Inspection reports should be
 maintained in the onsite SWPPPP binder for review at the monthly progress meetings.
 D. A copy of the Notice of Termination with the Virginia Department of Environmental Quality /
 City of Richmond.
 E. Silt Fence
 F. Safety Fence
 1.6 PAYMENT PROCEDURES FOR EROSION CONTROL MEASURES
 A. Establish a line item in the Schedule of Values for Erosion Control Maintenance. This line item
 shall represent a minimum of thirty percent (30%) of the total value of the erosion control for the
 project.
 B. Erosion control maintenance will be paid on a monthly basis, following the satisfactory
 installation and maintenance of the erosion control measures.
 PART 2 - PRODUCTS
 2.1 EROSION CONTROL PRODUCTS:
 A. Safety Fence
 1. Six foot high chain link fence, complying with the requirements of Standard and
 Specification 3.01 of the Virginia Erosion and Sediment Control Handbook.
 2. Post appropriate warning signs along the Safety Fence.
 B. Construction Entrance
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 1. Heavy-duty stone aggregate and filter fabric construction entrance, complying with the
 requirements of Standard and Specification 3.02 of the Virginia Erosion and Sediment
 Control Handbook.
 2. Reinforced concrete wash-rack, draining to a sediment trap.
 3. The water source for washing operations shall be the responsibility of the Contractor.
 C. Silt Fence
 1. Synthetic filter fabric, complying with the requirements of Standard and Specification 3.05
 of the Virginia Erosion and Sediment Control Handbook.
 2. Wooden stakes shall be 2” oak, a minimum length of five feet.
 D. Wire Reinforced Silt Fence
 1. Synthetic filter fabric, complying with the requirements of Standard and Specification 3.05
 of the Virginia Erosion and Sediment Control Handbook.
 2. Wooden stakes shall be 2” oak, a minimum length of five feet.
 3. Wire fence reinforcement shall be a minimum of 14-guage and have a maximum mesh
 spacing of six inches.
 E. Storm Drain Inlet Protection
 1. Block and Gravel Drop Inlet Sediment Filter, complying with the requirements of Standard
 and Specification 3.07 of the Virginia Erosion and Sediment Control Handbook.
 2. Gravel Curb Inlet Sediment Filter, complying with the requirements of Standard and
 Specification 3.07 of the Virginia Erosion and Sediment Control Handbook.
 F. Culvert Inlet Protection
 1. Silt Fence {Stone Combination} Culvert Inlet Protection, complying with the requirements
 of Standard and Specification 3.08 of the Virginia Erosion and Sediment Control
 Handbook.
 G. Temporary Diversion Dike
 1. Berm of compacted soil material, stabilized with vegetation, complying with the
 requirements of Standard and Specification 3.09 of the Virginia Erosion and Sediment
 Control Handbook.
 H. Temporary Fill Diversion
 1. A channel with a berm on the lower side, placed at the top of a fill slope, complying with
 the requirements of Standard and Specification 3.10 of the Virginia Erosion and Sediment
 Control Handbook.
 I. Diversion
 1. A channel with a berm on the lower side, stabilized with vegetation, complying with the
 requirements of Standard and Specification 3.12 of the Virginia Erosion and Sediment
 Control Handbook.
 J. Temporary Sediment Trap
 1. A temporary ponding area, formed with an earthen embankment and a stone outlet
 structure, complying with the requirements of Standard and Specification 3.13 of the
 Virginia Erosion and Sediment Control Handbook.
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 K. Temporary Slope Drain
 1. A flexible pipe extending from the top to the bottom of a fill slope, complying with the
 requirements of Standard and Specification 3.15 of the Virginia Erosion and Sediment
 Control Handbook.
 2. Pipe shall be smooth lined polyethylene, complying with the requirements of ASTM F667
 or AASHTO M294.
 L. Outlet Protection
 1. A level area of riprap, placed over filter fabric, complying with the requirements of
 Standard and Specification 3.18 of the Virginia Erosion and Sediment Control Handbook.
 M. Riprap
 1. Graded stone, placed over filter fabric, complying with the requirements of Standard and
 Specification 3.19 of the Virginia Erosion and Sediment Control Handbook.
 2. The size of the stone required is indicated on the drawings.
 N. Rock Check Dams
 1. Temporary stone dams constructed across a swale or ditch, complying with the
 requirements of Standard and Specification 3.20 of the Virginia Erosion and Sediment
 Control Handbook.
 2. Check dams shall be placed on filter fabric.
 O. Dewatering Structure
 1. A temporary filtering device used for dewatering operations, complying with the
 requirements of Standard and Specification 3.26 of the Virginia Erosion and Sediment
 Control Handbook.
 P. Temporary Seeding
 1. Temporary vegetative cover for disturbed areas, complying with the requirements of
 Standard and Specification 3.31 of the Virginia Erosion and Sediment Control Handbook.
 Q. Permanent Seeding
 1. Refer to Section “Lawns and Grasses” for permanent seeding requirements.
 R. Soil Stabilization Blanket
 1. Biodegradable stabilization blanket, complying with the requirements of Standard and
 Specification 3.36 of the Virginia Erosion and Sediment Control Handbook.
 2. In lieu of plastic netting use East Coast Erosion Blankets (biodegradable single straw) or
 approved equal.
 PART 3 - EXECUTION
 3.1 INSTALLATION OF EROSION CONTROL MEASURES
 A. Install all erosion and sediment control measures per the requirements of the Virginia Erosion and
 Sediment Control Handbook.
 B. Protect all points of construction ingress and egress to the site to prevent tracking of mud onto
 public streets. Provide temporary construction entrances at all points of access to the site.
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 C. Clear only those areas necessary for installation of the perimeter erosion control measures. The
 balance of the site shall not be cleared or otherwise disturbed until the perimeter erosion control
 measures are installed, functional and approved by the City of Richmond Environmental
 Inspector.
 D. Follow the construction sequence and install erosion control measures as indicated on the
 Drawings and as directed by the City of Richmond Environmental Inspector.
 E. Install additional measures as necessary to prevent sediment from leaving the project site.
 3.2 MAINTENANCE OF EROSION CONTROL MEASURES
 A. Maintain all erosion and sediment control measures per the requirements of the Virginia Erosion
 and Sediment Control Handbook.
 B. At a minimum, the following maintenance is required:
 1. Safety Fence
 a) Review fence regularly for damage. Repair any damage immediately.
 b) Secure the fence at the end of each working day. Repair or replace all locking
 devices as necessary.
 2. Construction Entrance
 a) Wash and rework stone and/or place additional stone as required to prevent tracking
 of mud onto the roadways.
 b) Clean out the sediment-trapping device for the washrack.
 c) Remove all materials spilled, dropped, washed or otherwise tracked onto roadways
 or into storm sewers immediately. Do not use water trucks to wash the roadways.
 3. Silt Fence
 a) Inspect immediately following each rainfall and at least daily during prolonged
 rainfall.
 b) Make any required repairs immediately. Give special attention to damage resulting
 from end-runs and undercutting.
 c) Replace fabric that is decomposing or is otherwise ineffective.
 d) Clean out accumulated sediment following every storm event. Do not allow
 sediment to accumulate higher than one-half the height of the barrier.
 4. Wire Reinforced Silt Fence
 a) Inspect immediately following each rainfall and at least daily during prolonged
 rainfall.
 b) Make any required repairs immediately. Give special attention to damage resulting
 from end-runs and undercutting.
 c) Replace fabric that is decomposing or is otherwise ineffective.
 d) Clean out accumulated sediment following every storm event. Do not allow
 sediment to accumulate higher than one-half the height of the barrier.
 5. Storm Drain Inlet Protection
 a) Inspect immediately following each rainfall and at least daily during prolonged
 rainfall.
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 b) Remove and clean or replace stone filters that have been clogged with sediment.
 Make any required repairs immediately
 c) Remove accumulated sediment as required. Do not allow sediment to accumulate
 higher than one-half the height of the measure.
 6. Culvert Inlet Protection
 a) Inspect immediately following each rainfall and at least daily during prolonged
 rainfall.
 b) Remove and clean or replace stone filters that have been clogged with sediment.
 Make any required repairs immediately
 c) Remove accumulated sediment as required. Do not allow sediment to accumulate
 higher than one-half the height of the measure.
 7. Temporary Diversion Dike
 a) Inspect immediately following each rainfall and at least daily during prolonged
 rainfall. Inspect at least once every two weeks, whether or not it has rained. Make
 any necessary repairs immediately.
 b) Repair damages caused by construction activities by the end of each working day.
 8. Temporary Fill Diversion
 a) Review measure at the end of each working day to ensure its effective operation.
 9. Diversion
 a) Inspect diversion following every rainfall and at least once every two weeks.
 b) Remove accumulated sediment and make repairs as necessary.
 c) Re-seed as necessary to maintain vegetative cover.
 10. Temporary Sediment Trap
 a) Remove sediment and restore the trap to its original dimensions once the sediment
 accumulates to the cleanout level. Refer to the drawings for the appropriate
 cleanout level elevations.
 b) Any pumping shall be discharged through an approved dewatering structure.
 c) Remove and clean or replace stone choked with sediment.
 d) Regularly check the structure to ensure that it is structurally sound. Immediately
 repair any damage discovered.
 11. Temporary Slope Drain
 a) Inspect the temporary slope drains weekly and following every storm event.
 Immediately make any necessary repairs to ensure a free flow through the pipe.
 12. Outlet Protection
 a) Inspect outlet protection following every storm event. Re-lay riprap as necessary to
 prevent concentrated flow from running across the outlet protection.
 13. Riprap
 a) Inspect riprap following every storm event. Re-lay riprap as necessary to prevent
 concentrated flow from running under or around the riprap.
 b) Clean out accumulated sediment from the riprap.
 14. Rock Check Dams
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 a) Inspect immediately following each rainfall and at least daily during prolonged
 rainfall.
 b) Remove and clean or replace stone that has been clogged with sediment.
 c) Inspect for evidence of by-pass flows. Make any required repairs immediately
 d) Remove accumulated sediment as required. Do not allow sediment to accumulate
 higher than one-half of the height of the dam.
 15. Dewatering Structure
 a) Repair or replace the filtering media to prevent sediment accumulation from
 affecting the filtering capacity of the structure.
 16. Temporary Seeding
 a) Re-seed and mulch areas where cover is inadequate to protect against erosion until
 adequate cover is obtained.
 C. Remove accumulated sediment as required and at appropriate intervals to maintain the effective
 function of all erosion control measures.
 D. Inspect, repair and remove accumulated sediment from erosion control measures following
 significant (greater than ½”) rainfall events.
 E. If erosion control measures become clogged, causing the impoundment of water, restore the
 measures immediately. Ponded water poses a potential drowning hazard and shall be relieved
 immediately by either pumping (through an approved dewatering structure) or by removal of the
 blockage.
 3.3 REMOVAL OF EROSION CONTROL MEASURES
 A. Remove all temporary erosion control measures following the stabilization of the site. Do not
 remove erosion control measures until authorized by the City of Richmond Environmental
 Inspector.
 B. Topsoil, permanently seed and stabilize areas occupied by erosion control measures.
 END OF SECTION 31 2500
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 SECTION 31 3116 - TERMITE CONTROL
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS:
 A. The provisions of the Contract Documents apply to the work of this Section.
 1.2 SUMMARY
 A. This Section includes soil treatment for termite control.
 1.3 SUBMITTALS
 A. Product data and application instructions.
 B. Certification that products used comply with U.S. Environmental Protection Agency (EPA)
 regulations for termiticides.
 1.4 QUALITY ASSURANCE
 A. In addition to requirements of these specifications, comply with manufacturer's instructions and
 recommendations for preparing substrate and application.
 B. Engage a professional pest control operator who is licensed according to regulations of governing
 authorities to apply soil treatment solution.
 C. Use only termiticides that bear a federal registration number of the EPA and are approved by
 local authorities having jurisdiction.
 1.5 JOB CONDITIONS
 A. Restrictions: Do not apply soil treatment solution until excavating, filling, and grading
 operations are completed, except as otherwise required in construction operations.
 B. To ensure penetration, do not apply soil treatment to frozen or excessively wet soils or during
 inclement weather. Comply with handling and application instructions of the soil toxicant
 manufacturer.
 1.6 WARRANTY
 A. Warranty: Furnish written warranty, executed by Applicator and Contractor, certifying that
 applied soil termiticide treatment will prevent infestation of subterranean termites. If
 subterranean termite activity is discovered during warranty period, re-treat soil and repair or
 replace damage caused by termite infestation.
 B. Warranty Period: 5 years from date of Substantial Completion. Also, include a renewable
 warranty for the Owner’s future consideration.
 C. The warranty shall not deprive the Owner of other rights the Owner may have under other
 provisions of the Contract Documents and shall be in addition to and run concurrent with other
 warranties made by the Contractor under requirements of the Contract Documents.
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 PART 2 - PRODUCTS
 2.1 SOIL TREATMENT SOLUTION:
 A. Use an emusible concentrate insecticide for dilution with water, specially formulated to prevent
 infestation by termites. Fuel oil will not be permitted as a diluent. Provide a working solution of
 one of the following chemical elements and concentrations:
 1. Cypermethrin (Demon TC) 0.5% in water emulsion.
 B. Other solutions may be used as recommended by Applicator and if acceptable to local governing
 authorities. Use only soil treatment solutions that are not injurious to planting.
 PART 3 - EXECUTION
 3.1 APPLICATION
 A. Surface Preparation: Remove foreign matter that could decrease treatment effectiveness on areas
 to be treated. Loosen, rake, and level soil to be treated, except previously compacted areas under
 slabs and foundations. Toxicants may be applied before placing compacted fill under slabs if
 recommended by toxicant manufacturer.
 B. Application Rates: Apply soil treatment solution as follows:
 1. Under slab-on-grade structures, treat soil before concrete slabs are placed, using the
 following application rates:
 a) Apply 4 gallons of chemical solution per 10 linear feet (5.1 L of chemical solution
 per meter) to soil in critical areas under slab, including entire inside perimeter of
 foundation walls, along both sides of interior partition walls, around plumbing pipes
 and electric conduit penetrating slab, and around interior column footers.
 b) Apply 1 gallon of chemical solution per 10 sq. ft. (4.1 L of chemical solution per sq.
 m) as an overall treatment under slab and attached slab areas where fill is soil or
 unwashed gravel. Apply 1-1/2 gallon of chemical solution per 10 sq. ft. (6.1 L of
 chemical solution per sq. m) to areas where fill is washed gravel or other coarse
 absorbent material.
 c) Apply 4 gallons of chemical solution per 10 linear feet (5.1 L of chemical solution
 per meter) of trench for each 12 inches (300 mm) of depth from grade to footing,
 along outside edge of building. Dig a trench 6 to 8 inches (150 to 200 mm) wide
 along outside of foundation to a depth of not less than 12 inches (300 mm). Punch
 holes to top of footing at not more than 12 inches (300 mm) o.c. and apply chemical
 solution. Mix chemical solution with the soil as it is being replaced in the trench.
 2. At hollow masonry foundations or grade beams, treat voids at rate of 2 gallons per 10
 linear feet 2.6 L per meter, poured directly into the hollow spaces.
 3. At expansion joints, control joints, and areas where slabs will be penetrated, apply at rate
 of 4 gallons per 10 linear feet (5.1 L per linear m) of penetration.
 C. Post signs in areas of application to warn workers that soil termiticide treatment has been
 applied. Remove signs after areas are covered by other construction.
 D. Reapply soil treatment solution to areas disturbed by subsequent excavation, landscape grading,
 or other construction activities following application.
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 E. Allow not less than 12 hours drying time after application before beginningconcrete placement or
 other construction activities.
 END OF SECTION 31 3116
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 SECTION 32 1216 - ASPHALT PAVEMENT
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. The provisions of the Contract Documents apply to the work of this Section.
 1.2 SUMMARY
 A. This Section includes the following:
 1. Hot-mix asphalt paving over prepared subbase.
 2. Hot –mix asphalt patching.
 1.3 SUBMITTALS
 A. Job-Mix Designs: Certification, by authorities having jurisdiction, of approval of each job mix
 proposed for the Work.
 B. Material Certification: Certification signed by Contractor certifying that each material complies
 with requirements.
 C. Traffic maintenance and Work Area Protection Plan: Submit a plan indicating sequencing and
 measures to be used for the maintenance and protection of traffic during operations within or
 immediately adjacent to existing roadways open to vehicular traffic. The Architect and the
 Virginia Department of Transportation must approve this plan prior to commencement of work
 within the Right-of-Way.
 1.4 QUALITY ASSURANCE
 A. Installer Qualifications: Engage an experienced installer who has completed hot-mix asphalt
 paving similar in material, design, and extent to that indicated for this Project and with a record
 of successful in-service performance.
 B. Asphalt paving materials and installation shall conform to the requirements of the latest edition of
 the Virginia Department of Transportation (VDOT) Road and Bridge Specifications and Road
 and Bridge Standards.
 1.5 PROJECT CONDITIONS
 A. Environmental Limitations: Do not apply asphalt materials if substrate is wet or excessively
 damp or if the following conditions are not met:
 1. Prime and Tack Coats: Minimum ambient temperature of 50 deg F (10 deg C), and when
 temperature has not been below 35 deg F (1 deg C) for 12 hours immediately prior to
 application.
 2. Asphalt Base Course: Minimum surface temperature of 40 deg F (4 deg C) and rising at
 time of placement.
 3. Asphalt Surface Course: Minimum surface temperature of 40 deg F (4 deg C) and rising at
 time of placement.
 1.6 TESTING AND INSPECTION

Page 358
						

RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect’s Project No.: 563102 Owner’s Project No.: 0-28779
 ASPHALT PAVEMENT 32 1216 – 2
 A. Within the road Right-of-Way, City of Richmond inspectors shall observe the asphalt placement.
 Coordinate the necessary inspection schedule with the City of Richmond Department of Public
 Works.
 B. The Owner’s testing agency will observe the asphalt placement in the parking lots and on-site
 areas not in Right-of-Way.
 PART 2 - PRODUCTS
 2.1 ASPHALT-AGGREGATE MIXTURE
 A. General: Provide plant-mixed, hot-laid asphalt-aggregate mixture complying with the
 requirements of the VDOT Road and Bridge Specifications and as recommended by local paving
 authorities to suit project conditions.
 2.2 ASPHALT MATERIALS
 A. Tack Coat: ASTM D 977, emulsified asphalt or ASTM D 2397, cationic emulsified asphalt,
 slow setting, factory diluted in water, of suitable grade and consistency for application.
 B. Prime Coat: Asphalt emulsion prime conforming to VDOT requirements.
 2.3 AUXILIARY MATERIALS
 A. Paving Geotextile: Nonwoven polypropylene, specifically designed for paving applications,
 resistant to chemical attack, rot, and mildew.
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Verify that subgrade is dry and in suitable condition to support paving and imposed loads.
 B. Proof-roll subbase using heavy, pneumatic-tired rollers to locate areas that are unstable or that
 require further compaction.
 C. Notify Architect in writing of any unsatisfactory conditions. Do not begin paving installation
 until these conditions have been satisfactorily corrected.
 3.2 MAINTENANCE AND PROTECTION OF TRAFFIC
 A. Utilize flagmen, barricades, warning signs and warning lights as required by the Virginia Work
 Area Protection Manual.
 3.3 PATCHING AND REPAIRS
 A. Patching: Saw cut perimeter of patch and excavate existing pavement section to sound base.
 Recompact new subgrade. Excavate rectangular or trapezoidal patches, extending 12 inches
 (300 mm) into adjacent sound pavement, unless otherwise indicated. Cut excavation faces
 vertically.
 1. Tack coat faces of excavation and allow to cure before paving.
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 2. Fill excavation with dense-graded, hot-mix asphalt base mix and, while still hot, compact
 flush with adjacent surface.
 B. Leveling Course: Install and compact leveling course consisting of dense-graded, hot-mix asphalt
 surface course to level sags and fill depressions deeper than 1 inch (25 mm) in existing
 pavements.
 1. Install leveling wedges in compacted lifts not exceeding 3 inches (75 mm) thick.
 C. Crack and Joint Filling: Remove existing filler material from cracks or joints to a depth of 1/4
 inch (6 mm). Refill with asphalt joint-filling material to restore watertight condition. Remove
 excess filler that has accumulated near cracks or joints.
 D. Tack Coat: Apply uniformly to existing surfaces of previously constructed asphalt or Portland
 cement concrete paving and to surfaces abutting or projecting into new, hot-mix asphalt
 pavement. Apply at a uniform rate of 0.05 to 0.15 gal./sq. yd. (0.2 to 0.7 L/sq. m) of surface.
 1. Allow tack coat to cure undisturbed before paving.
 2. Avoid smearing or staining adjoining surfaces, appurtenances, and surroundings. Remove
 spillage and clean affected surfaces.
 3.4 SURFACE PREPARATION
 A. General: Immediately before placing asphalt materials, remove loose and deleterious material
 from substrate surfaces. Ensure that prepared subgrade is ready to receive paving.
 B. Sweep loose granular particles from surface of unbound-aggregate base course. Do not dislodge
 or disturb aggregate embedded in compacted surface of base course.
 C. Prime Coat: For asphalt sections less than 4” thick, apply uniformly over surface of compacted-
 aggregate base at a rate of 0.15 to 0.50 gal./sq. yd. (0.7 to 2.3 L/sq. m). Apply enough material
 to penetrate and seal, but not flood, surface. Allow prime coat to cure for 24 hours minimum.
 1. If prime coat is not entirely absorbed within 24 hours after application, spread sand over
 surface to blot excess asphalt. Use just enough sand to prevent pickup under traffic.
 Remove loose sand by sweeping before pavement is placed and after volatiles have
 evaporated.
 2. Protect primed substrate from damage until ready to receive paving.
 3.5 GEOTEXTILE INSTALLATION
 A. Apply bond coat, consisting of asphalt cement, uniformly to existing surfaces at a rate of 0.20 to
 0.30 gal./sq. yd. (0.8 to 1.2 L/sq. m).
 B. Place paving geotextile promptly according to manufacturer's written instructions. Broom or roll
 geotextile smooth and free of wrinkles and folds. Overlap longitudinal joints 4 inches (100 mm)
 and transverse joints 6 inches (150 mm).
 1. Protect paving geotextile from traffic and other damage and place overlay paving the same
 day.
 3.6 HOT-MIX ASPHALT PLACING
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 A. Machine place hot-mix asphalt mix on prepared surface, spread uniformly, and strike off. Place
 asphalt mix by hand to areas inaccessible to equipment in a manner that prevents segregation of
 mix. Place each course to required grade, cross section, and thickness, when compacted.
 1. Place hot-mix asphalt base course in number of lifts and thickness indicated.
 2. Spread mix at minimum temperature of 225 deg F (107 deg C).
 B. Place paving in consecutive strips not less than 10 feet (3 m) wide, except where infill edge strips
 of a lesser width are required.
 1. After first strip has been placed and rolled, place succeeding strips and extend rolling to
 overlap previous strips. Complete asphalt base course for a section before placing
 intermediate or surface courses.
 C. Promptly correct surface irregularities in paving course behind paver. Use suitable hand tools to
 remove excess material forming high spots. Fill depressions with hot-mix asphalt to prevent
 segregation of mix; use suitable hand tools to smooth surface.
 3.7 JOINTS
 A. Construct joints between old and new pavement, or between successive days work, to ensure
 continuous bond between adjoining paving sections. Construct joints free of depressions with
 same texture and smoothness as other sections of hot-mix asphalt course.
 1. Clean contact surfaces and apply tack coat.
 2. Offset longitudinal joints in successive courses a minimum of 6 inches (150 mm).
 3. Offset transverse joints in successive courses a minimum of 24 inches (600 mm).
 4. Construct transverse joints as required by the VDOT Road and Bridge Specifications.
 5. Compact joints as soon as hot-mix asphalt will bear roller weight without excessive
 displacement.
 3.8 COMPACTION
 A. General: Begin compaction as soon as placed hot-mix paving will bear roller weight without
 excessive displacement. Compact hot-mix paving with hot, hand tampers or vibratory-plate
 compactors in areas inaccessible to rollers.
 1. Complete compaction before mix temperature cools to 185 deg F (85 deg C).
 B. Breakdown Rolling: Accomplish breakdown or initial rolling immediately after rolling joints and
 outside edge. Examine surface immediately after breakdown rolling for indicated crown, grade,
 and smoothness. Repair surfaces by loosening displaced material, filling with hot-mix asphalt,
 and rerolling to required elevations.
 C. Intermediate Rolling: Begin intermediate rolling immediately after breakdown rolling, while hot-
 mix asphalt is still hot enough to achieve indicated density. Continue rolling until hot-mix
 asphalt course has been uniformly compacted to the following density:
 1. Average Density: 95 percent of reference laboratory density according to ASTM D 1559.
 D. Finish Rolling: Finish roll paved surfaces to remove roller marks while hot-mix asphalt is still
 warm. Surface course average density shall be 95 percent of reference laboratory density.
 E. Edge Shaping: While surface is being compacted and finished, trim edges of pavement to proper
 alignment. Bevel edges while still hot, with back of rake or smooth iron. Compact thoroughly
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 using tamper or other satisfactory method. Edges adjacent to curbs and curb and gutter sections
 shall be flush with the edge of concrete.
 F. Repairs: Remove paved areas that are defective or contaminated with foreign materials. Remove
 paving course over area affected and replace with fresh, hot-mix asphalt. Compact by rolling to
 specified density and surface smoothness.
 G. Protection: After final rolling, do not permit vehicular traffic on pavement until it has cooled and
 hardened.
 H. Erect barricades to protect paving from traffic until mixture has cooled enough not to become
 marked.
 3.9 INSTALLATION TOLERANCES
 A. Thickness: Compact each course to produce the thickness indicated within the following
 tolerances:
 1. Base Course: Plus or minus 1/2 inch (13 mm).
 2. Surface Course: Plus 1/4 inch (6 mm), no minus.
 B. Surface Smoothness: Compact each course to produce a surface smoothness within the following
 tolerances as determined by using a 10-foot (3-m) straightedge applied transversely or
 longitudinally to paved areas:
 1. Base Course: 1/4 inch (6 mm).
 2. Surface Course: 3/16 inch (3 mm).
 3. Crowned Surfaces: Test with crowned template centered and at right angle to crown.
 Maximum allowable variance from template is 1/4 inch (6 mm).
 C. Check surface areas at intervals as directed by Architect.
 3.10 FIELD QUALITY CONTROL
 A. Within the City of Richmond Right-of-Way, coordinate required inspections with the City of
 Richmond Department of Public Works.
 B. Testing Agency: Owner will engage a qualified independent testing agency to perform field
 inspections and tests and to prepare test reports.
 1. Testing agency will conduct and interpret tests and state in each report whether tested
 Work complies with or deviates from requirements.
 C. Additional testing, at Contractor's expense, will be performed to determine compliance of
 corrected Work with requirements.
 D. Remove and replace or install additional hot-mix asphalt where test results or measurements
 indicate that it does not comply with requirements.
 END OF SECTION 32 1216
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 SECTION 32 1313 - SITE CONCRETE
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. The provisions of the Contract Documents apply to the work of this Section.
 1.2 DESCRIPTION OF WORK:
 A. Extent of Portland cement concrete paving is shown on drawings, including:
 1. Curbs and gutters
 2. Walkways
 3. Service area pavement
 4. Paved Ditches
 1.3 SUBMITTALS
 A. Job-Mix Designs: Certification, by authorities having jurisdiction, of approval of each job mix
 proposed for the Work.
 B. Material Certification: Certification signed by Contractor certifying that each material complies
 with requirements.
 C. Concrete scoring plan.
 1.4 JOB CONDITIONS
 A. Traffic Control: Maintain access for vehicular and pedestrian traffic as required for other
 construction activities.
 PART 2 - PRODUCTS
 2.1 MATERIALS
 A. Forms: Steel, wood, or other suitable material of size and strength to resist movement during
 concrete placement and to retain horizontal and vertical alignment until removal. Use straight forms,
 free of distortion and defects.
 1. Use flexible spring steel forms or laminated boards to form radius bends as required.
 2. Coat forms with a nonstaining form release agent that will not discolor or deface surface of
 concrete.
 B. Welded Wire Mesh: Welded plain cold-drawn steel wire fabric, ASTM A 185.
 C. Reinforcing Steel: ASTM A 615, Grade 60, deformed
 D. Concrete Materials: Comply with requirements of applicable Division 3 sections for concrete
 materials, admixtures, bonding materials, curing materials, and others as required.
 E. Expansion Joint Materials: Comply with requirements of applicable Division 7 sections for
 preformed expansion joint fillers and sealers.
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 F. Antispalling Compound: Combination of boiled linseed oil and mineral spirits, complying with
 AASHTO M-233.
 G. Liquid-Membrane Forming and Sealing Curing Compound: Comply with VDOT Road and Bridge
 Specifications.
 2.2 CONCRETE MIX, DESIGN, AND TESTING
 A. Comply with requirements of applicable Division 3 sections for concrete mix design, sampling and
 testing, and quality control or VDOT Road and Bridge Specifications whichever is more stringent.
 B. Design mix to produce normal-weight concrete consisting of Portland cement, aggregate,
 water-reducing or high-range water-reducing admixture (superplasticizer), air-entraining admixture,
 and water to produce the following properties:
 1. Comply with the requirements of VDOT Std. Class A3 Concrete, unless otherwise indicated.
 PART 3 - EXECUTION
 3.1 SURFACE PREPARATION
 A. Remove loose material from compacted subbase surface immediately before placing concrete.
 B. Proof-roll prepared subbase surface to check for unstable areas and need for additional
 compaction. Do not begin paving work until such conditions have been corrected and are ready
 to receive paving,
 3.2 FORM CONSTRUCTION
 A. Set forms to required grades and lines, braced and secured. Install forms to allow continuous
 progress of work and so that forms can remain in place at least 24 hours after concrete placement.
 B. Check completed formwork for grade and alignment to following tolerances:
 1. Top of forms not more than 1/8 inch in 10 feet.
 2. Vertical face on longitudinal axis, not more than 1/4 inches in 10 feet.
 C. Clean forms after each use and coat with form release agent as required to ensure separation from
 concrete without damage.
 3.3 REINFORCEMENT
 A. Locate, place and support reinforcement as specified in Division 3 sections, unless otherwise
 indicated.
 3.4 CONCRETE PLACEMENT
 A. General: Comply with requirements of applicable Division 3 sections for mixing and placing
 concrete or VDOT Road and Bridge Specifications whichever is more stringent.
 B. Do not place concrete until subbase and forms have been checked for line and grade. Moisten
 subbase if required to provide a uniform dampened condition at time concrete is placed. Do not
 place concrete around manholes or other structures until they are at required finish elevation and
 alignment.
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 C. Place concrete by methods that prevent segregation of mix. Consolidate concrete along face of forms
 and adjacent to transverse joints with internal vibrator. Keep vibrator away from joint assemblies,
 reinforcement, or side forms. Use only square-faced shovels for hand spreading and consolidation.
 Consolidate with care to prevent dislocation of reinforcing, dowels, and joint devices.
 D. Deposit and spread concrete in a continuous operation between transverse joints as far as possible.
 If interrupted for more than 1/2 hour, place a construction joint.
 E. Fabricated Bar Mats: Keep mats clean and free from excessive rust, and handle units to keep them
 flat and free of distortions. Straighten bends, kinks, and other irregularities or replace units as
 required before placement. Set mats for a minimum 2-inch overlap to adjacent mats.
 F. Place concrete in 2 operations; strike off initial pour for entire width of placement and to the required
 depth below finish surface. Lay fabricated bar mats immediately in final position. Place top layer of
 concrete, strike off, and screed.
 G. Remove and replace portions of bottom layer of concrete that have been placed more than 15
 minutes without being covered by top layer or use bonding agent if acceptable to Architect.
 H. Curbs and Gutters: Automatic machine may be used for curb and gutter placement. If machine
 placement is to be used, submit revised mix design and laboratory test results that meet or exceed
 minimums indicated. Machine placement must produce curbs and gutters to required cross-section,
 lines, grades, finish, and jointing as indicated for formed concrete. If results are not acceptable,
 remove and replace with formed concrete meeting requirements.
 3.5 JOINTS
 A. General: Construct expansion, weakened-plane (contraction), and construction joints true to line
 with face perpendicular to surface of concrete. Construct transverse joints at right angles to the
 centerline, unless otherwise indicated.
 B. Weakened-Plane (Contraction) Joints: Provide weakened-plane (contraction) joints, sectioning
 concrete into approximately 10’ areas or as shown on drawings. Construct weakened-plane joints
 for a depth equal to at least 1/4 concrete thickness, as follows:
 1. Tooled Joints: Form weakened-plane joints in fresh concrete by grooving top portion with a
 recommended cutting tool and finishing edges with a jointer.
 2. Sawed Joints: Form weakened-plane joints with powered saws equipped with shatterproof
 abrasive or diamond-rimmed blades. Cut joints into hardened concrete as soon as surface will
 not be torn, abraded, or otherwise damaged by cutting action.
 C. Construction Joints: Place construction joints at end of placements and at locations where placement
 operations are stopped for more than 1/2 hour, except where such placements terminate at expansion
 joints.
 1. Construct joints as indicated or, if not indicated, use standard metal keyway-section forms.
 D. Expansion Joints: Provide premolded joint filler for expansion joints abutting concrete curbs, catch
 basins, manholes, inlets, structures, walks, and other fixed objects, unless otherwise indicated.
 E. Locate expansion joints at 50 feet o.c. for each pavement lane unless otherwise indicated.
 F. Extend joint fillers full width and depth of joint, not less than 1/2 inch or more than 1 inch below
 finished surface where joint sealer is indicated. If no joint sealer, place top of joint filler flush with
 finished concrete surface.
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 G. Provide joint fillers in one-piece lengths for full width being placed wherever possible. Where more
 than one length is required, lace or clip joint filler sections together.
 H. Protect top edge of joint filler during concrete placement with a metal cap or other temporary
 material. Remove protection after concrete has been placed on both sides of joint.
 I. Fillers and Sealants: Comply with requirements of applicable Division 7 sections for preparation of
 joints, materials, installation, and performance.
 J. Provide scoring layout for Architect to approve prior to construction.
 3.6 CONCRETE FINISHING
 A. After striking-off and consolidating concrete, smooth surface by screeding and floating. Use hand
 methods only where mechanical floating is not possible. Adjust floating to compact surface and
 produce uniform texture.
 B. After floating, test surface for trueness with a 10-ft. straightedge. Distribute concrete as required to
 remove surface irregularities, and refloat repaired areas to provide a continuous smooth finish.
 C. Work edges of slabs, gutters, back top edge of curb, and formed joints with an edging tool, and
 round to 1/2-inch radius, unless otherwise indicated. Eliminate tool marks on concrete surface.
 D. After completion of floating and when excess moisture or surface sheen has disappeared, complete
 troweling and finish surface as follows:
 1. Broom finish by drawing a fine-hair broom across concrete surface perpendicular to line of
 traffic. Repeat operation if required to provide a fine line texture acceptable to Architect.
 2. Exposed-Aggregate Finish: At handicap ramps and where indicated on drawings, by applying
 an approved retardant curing compound to the surface. Allow minimum 12 hours of setting
 time before washing surface to expose a maximum of (1/3) one-third of stone surface.
 Aggregate shall be brown Riverstone having a uniform size and color for each subsequent
 concrete pour. Aggregate size shall range between 1/2” and 3/4”.
 E. Do not remove forms for 24 hours after concrete has been placed. After form removal, clean ends of
 joints and point-up any minor honeycombed areas. Remove and replace areas or sections with major
 defects, as directed by Architect.
 3.7 CURING
 A. Protect and cure finished concrete paving in compliance with applicable requirements of Division 3
 sections. Use membrane-forming curing and sealing compound or approved moist-curing methods.
 3.8 REPAIRS AND PROTECTIONS
 A. Repair or replace cracked, broken or defective concrete curbs and curb and gutter, as directed by
 Architect.
 B. Replace cracked, broken or defective concrete sidewalks.
 C. Repair or replace cracked, broken or defective concrete pavement, as directed by Architect.
 D. Drill test cores where directed by Architect when necessary to determine magnitude of cracks or
 defective areas. Fill drilled core holes in satisfactory pavement areas with Portland cement concrete
 bonded to pavement with epoxy adhesive.
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 E. Protect concrete from damage until acceptance of work. Exclude traffic from pavement for at least
 14 days after placement. When construction traffic is permitted, maintain pavement as clean as
 possible by removing surface stains and spillage of materials as they occur.
 F. Sweep concrete pavement and wash free of stains, discolorations, dirt, and other foreign material just
 before final inspection.
 END OF SECTION 32 1313
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 SECTION 32 1700 - PAVEMENT MARKINGS, SIGNS AND SPECIALTIES
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. The provisions of the Contract Documents apply to the work of this Section.
 1.2 SUMMARY
 A. This Section includes, but is not limited to, the following:
 1. Establishing the location of pavement markings and applying pavement markings for parking
 space lines, traffic control, fire lane and accessible spaces.
 2. Installation of signs for traffic control and accessible spaces.
 3. Installation of wheel stops at parking spaces.
 1.3 QUALITY ASSURANCE
 A. All work and materials shall conform to the requirements of the latest edition of the Virginia
 Department of Transportation (VDOT) Road and Bridge Specifications and Road and Bridge
 Standards.
 B. All materials for signs shall conform to the requirements of the latest edition of the Virginia
 Department of Transportation (VDOT) Road and Bridge Specifications and Road and Bridge
 Standards and to the requirements of the latest edition of the Manual of Uniform Traffic Control
 Devices for traffic signs.
 C. Installer Qualifications: Engage an experienced installer, who has successfully completed striping
 and signage projects similar in size and complexity to this project. The installer’s primary business
 (defined as a minimum of 60% of total billings) shall be striping and signage.
 1.4 SUBMITTALS
 A. Product Data and written confirmation that the following materials are included on VDOT’s list of
 approved construction materials:
 1. Pavement marking paint
 2. Wheel stops
 3. Signs
 4. Posts
 B. Installer Qualifications
 PART 2 - PRODUCTS
 2.1 PAVEMENT MARKING PAINT
 A. Paint shall be Type A, water emulsion base, traffic paint conforming to the requirements of Section
 704 of the VDOT Road and Bridge Specifications and Federal Specification TT-P-1952. Color
 shall be white unless otherwise indicated.
 B. Curb painting color along fire lanes shall be yellow, unless otherwise indicated.
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 C. Type B thermoplastic lane markings are required within VDOT rights-of-way.
 2.2 PAINT APPLICATOR
 A. Provide hand-operated push-type applicator machine of a type commonly used for application of
 paint to pavement surfaces. Paint applicator machine shall be acceptable for marking small street
 and parking areas. Applicator machine shall be equipped with the necessary paint tanks and
 spraying nozzles, and shall be capable of applying paint uniformly at coverage specified.
 2.3 WHEEL STOPS
 A. Wheel stops shall be made of 3,000 psi precast concrete and be 6 inches high, 8 inches wide and
 approximately 6 feet long. Provide chamfered corners and edges and two holes for anchoring.
 2.4 SIGNS AND POSTS
 A. Signs shall conform to the requirements of Section 701 of the VDOT Road and Bridge
 Specifications. Signs shall be fabricated with encapsulated lens sheeting.
 B. Signposts for traffic control signage shall be 4” x 4” treated wood conforming to the requirements
 of Section 236 of the VDOT Road and Bridge Specifications.
 C. Utilize metal posts for fire-lane signage and for signage at accessible parking spaces.
 2.5 CONCRETE
 A. Concrete shall be Class A3, General concrete, conforming to the requirements of Section 217 of the
 VDOT Road and Bridge Specifications.
 PART 3 - EXECUTION
 3.1 SURFACE PREPARATION FOR PAVEMENT MARKING
 A. Apply pavement markings only when the ambient temperatures is above 50°F and less than 95°F,
 unless otherwise approved.
 B. Allow pavement to cure for a period of not less than 7 days before applying pavement marking.
 C. Clean surfaces thoroughly before application of paint. Remove, dust, dirt and other granular
 surface deposits by sweeping, blowing with compressed air, rinsing with water, or a combination of
 these methods as required.
 D. Remove existing pavement markings, residual curing compounds and other coating adhering to the
 pavement with scrapers, wire brushes, waterblasting, sandblasting or mechanical abrasion as
 required. Areas of existing pavement affected by oil or grease shall be scrubbed with an approved
 chemical and rinsed thoroughly. Seal oil soaked areas with shellac or primer after cleaning.
 E. Pavement surfaces shall be dry and clean prior to painting. Pavement markings shall not be applied
 within 24 hours following rain or other inclement weather or when rain is imminent.
 3.2 APPLICATION OF PAVEMENT MARKING
 A. Apply paint in accordance with the requirements of Section 704 of the VDOT Road and Bridge
 Specifications.
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 B. Lay out lines and markings to the width and length as indicated. All parking space lines shall be 4
 inches wide.
 C. Apply paint with an approved paint applicator.
 D. Apply paint at manufacturer recommended rates to provide a minimum 15 mil wet thickness
 (depending on manufacturer, may require 2 applications).
 3.3 FIRE LANE MARKINGS AND SIGNAGE
 A. Mark fire lanes and install fire lane signage in accordance with the requirements of the local Fire
 Marshall and as indicated on the drawings.
 3.4 INSTALLATION OF WHEEL STOPS
 A. Secure wheel stops with two 1/2-inch diameter steel reinforcing rods. Rods shall be a minimum of
 18 inches in length and be embedded into the pavement, base and subgrade a minimum of 12 inches
 and be flush with the top of the bumper block.
 3.5 INSTALLATION OF SIGNS
 A. Install signs on signposts in accordance with the requirements of Section 701 of the VDOT Road
 and Bridge Specifications.
 B. Install signposts in concrete foundation to a depth of 3 feet minimum by 12 inches in diameter.
 END OF SECTION 32 1700
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 SECTION 323100 - FENCES AND GATES
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. Provisions of the Contract and of the Contract Documents apply to this Section.
 1.2 PREINSTALLATION MEETINGS
 A. Preinstallation Conference: Conduct conference at Project site.
 1. Inspect and discuss electrical roughing-in, equipment bases, and other preparatory work
 specified elsewhere.
 2. Review sequence of operation for each type of gate operator.
 3. Review coordination of interlocked equipment specified in this Section and elsewhere.
 1.3 ACTION SUBMITTALS
 A. Product Data: For each type of product.
 1. Include construction details, material descriptions, dimensions of individual components
 and profiles, and finishes for the following:
 a. Fence and gate posts, rails, and fittings.
 b. Chain-link fabric, reinforcements, and attachments.
 c. Gates and hardware.
 d. Gate operators, including operating instructions and motor characteristics.
 B. Shop Drawings: For each type of fence and gate assembly.
 1. Include plans, elevations, sections, details, and attachments to other work.
 2. Include accessories, hardware, gate operation, and operational clearances.
 3. Gate Operator: Show locations and details for installing operator components, switches,
 and controls. Indicate motor size, electrical characteristics, drive arrangement, mounting,
 and grounding provisions.
 4. Wiring Diagrams: For power, signal, and control wiring.
 C. Samples for Initial Selection: For each type of factory-applied finish.
 D. Samples for Verification: For each type of component with factory-applied finish, prepared on
 Samples of size indicated below:
 E. Delegated-Design Submittal: For structural performance of chain-link fence and gate
 frameworks, including analysis data signed and sealed by the qualified professional engineer
 responsible for their preparation.
 1.4 INFORMATIONAL SUBMITTALS
 A. Qualification Data: For professional engineer.
 B. Product Certificates: For each type of chain-link fence, operator, and gate.
 C. Product Test Reports: For framework strength according to ASTM F 1043, for tests performed
 by manufacturer and witnessed by a qualified testing agency.
 D. Field quality-control reports.
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 E. Sample Warranty: For special warranty.
 1.5 CLOSEOUT SUBMITTALS
 A. Operation and Maintenance Data: For gate operators to include in emergency, operation, and
 maintenance manuals.
 1.6 QUALITY ASSURANCE
 A. Emergency Access Requirements: According to requirements of authorities having jurisdiction
 for gates with automatic gate operators serving as a required means of access.
 1.7 FIELD CONDITIONS
 A. Field Measurements: Verify layout information for chain-link fences and gates shown on
 Drawings in relation to property survey and existing structures. Verify dimensions by field
 measurements.
 1.8 WARRANTY
 A. Special Warranty: Installer agrees to repair or replace components of chain-link fences and
 gates that fail in materials or workmanship within specified warranty period.
 1. Failures include, but are not limited to, the following:
 a. Failure to comply with performance requirements.
 b. Deterioration of metals, metal finishes, and other materials beyond normal
 weathering.
 c. Faulty operation of gate operators and controls.
 2. Warranty Period: Five years from date of Substantial Completion.
 PART 2 - PRODUCTS
 2.1 PERFORMANCE REQUIREMENTS
 A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000
 “Quality Requirements,” to design chain-link fence and heavy-duty gate aluminum frameworks.
 B. Structural Performance: Chain-link fence and gate frameworks shall withstand the design wind
 loads and stresses for fence height(s) and under exposure conditions indicated according to
 ASCE/SEI 7.
 1. Design Wind Load: As indicated on Drawings.
 a. Minimum Post Size and Maximum Spacing: Determine according to
 CLFMI WLG 2445, based on mesh size and pattern specified.
 2.2 CHAIN-LINK FENCE FABRIC
 A. General: Provide fabric in one-piece heights measured between top and bottom of outer edge of
 selvage knuckle or twist according to “CLFMI Product Manual” and requirements indicated
 below:
 1. Fabric Height: As required for total fence height of 72 inches.
 1. Steel Wire Fabric: Wire with a diameter of 0.192 inch.
 a. Mesh Size: 2 inches.
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 b. Aluminized Steel Fabric: ASTM A 491, Type I, 0.40 oz./sq. ft.
 c. Coat selvage ends of metallic-coated fabric before the weaving process with
 manufacturer's standard clear protective coating.
 2. Selvage: Knuckled at bottom selvage, twist at top selvage.
 2.3 FENCE FRAMEWORK
 A. Posts and Rails: ASTM F 1043 for framework, including rails, braces, and line; terminal; and
 corner posts. Provide members with minimum dimensions and wall thickness according to
 ASTM F 1043 or ASTM F 1083 based on the following:
 1. Fence Height: 72 inches.
 2. Heavy-Industrial-Strength Material: Group IA, round steel pipe, Schedule 40.
 a. Line Post: 1.9 inches in diameter.
 b. End, Corner, and Pull Posts: 2.375 inches in diameter.
 3. Horizontal Framework Members: Top and bottom rails according to ASTM F 1043.
 a. Top Rail: 1.66 inches in diameter.
 4. Brace Rails: ASTM F 1043.
 5. Metallic Coating for Steel Framework:
 a. Type A: Not less than minimum 2.0-oz./sq. ft. average zinc coating according to
 ASTM A 123 or 4.0-oz./sq. ft. zinc coating according to ASTM A 653.
 2.4 FITTINGS
 A. Provide fittings according to ASTM F 626.
 B. Post Caps: Provide for each post.
 1. Provide line post caps with loop to receive top rail.
 C. Rail and Brace Ends: For each gate, corner, pull, and end post.
 D. Rail Fittings: Provide the following:
 1. Top Rail Sleeves: Pressed-steel or round-steel tubing not less than 6 inches long.
 2. Rail Clamps: Line and corner boulevard clamps for connecting bottom rails to posts.
 E. Tension and Brace Bands: Pressed steel.
 F. Tension Bars: Steel, length not less than 2 inches shorter than full height of chain-link fabric.
 Provide one bar for each gate and end post, and two for each corner and pull post, unless fabric
 is integrally woven into post.
 G. Truss Rod Assemblies: Steel, hot-dip galvanized after threading rod and turnbuckle or other
 means of adjustment.
 H. Tie Wires, Clips, and Fasteners: According to ASTM F 626.
 1. Standard Round Wire Ties: For attaching chain-link fabric to posts, rails, and frames,
 according to the following:
 a. Hot-Dip Galvanized Steel: 0.148-inch-diameter wire; galvanized coating thickness
 matching coating thickness of chain-link fence fabric.
 b. Aluminum: ASTM B 211; Alloy 1350-H19; 0.192-inch-diameter, mill-finished
 wire.
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 I. Finish:
 1. Metallic Coating for Pressed Steel or Cast Iron: Not less than 1.2 oz./sq. ft. of zinc.
 2. Aluminum: Mill finish.
 2.5 HEAVY DUTY SWING GATES
 A. Basis-of-Design: Gate design is a cantilevered, single-swing aluminum gate based on the
 “Fortress Heavy Duty Aluminum Swing Gate (TYM 200 SW)” by Tymetal Corp. Substitute
 products shall be permitted when submitted during bidding, approved by Owner and Architect,
 and identified by Addendum.
 B. General: ASTM F 900 for gate posts and single swing gate types. Provide automated vehicular
 gates according to ASTM F 2200.
 1. Gate Leaf Width: 24 feet.
 2. Framework Member Sizes and Strength: Based on gate height of 72 inches.
 C. Pipe and Tubing:
 1. Gate Posts: Round tubular steel or aluminum, as standard with manufacturer.
 2. Gate Frames and Bracing: 6063-T6 aluminum alloy rectangular extrusions. Basis-of-
 Design is 3-inch by 5-inch aluminum structural tube top member and 2-inch by 5-inch
 aluminum structural tube bottom member, with vertical end members 2-inch by 2-inch
 and intermediate vertical members no less than 1-inch by 2-inch. Member sizing shall be
 based on manufacturer calculations for gate size and operation indicated.
 D. Frame Corner Construction: Welded or assembled with corner fittings.
 E. Bracing: Provide diagonal “X” bracing of minimum 3/16-inch stainless or galvanized steel
 cable.
 F. Infill: 2-inch aluminized steel chain link fabric, secured with tension bars at each end and with
 fence ties at intermediate verticals.
 G. Hardware:
 1. Hinges: 180-degree inward swing, heavy-duty hinges. Provide in quantity as required by
 manufacturer for gate size and operation indicated.
 2. Latch: Permitting operation from both sides of gate.
 3. Closer: Manufacturer's standard.
 2.6 GATE OPERATORS
 A. Operators: Factory-assembled, automatic, gate-operating system designed for gate size, type,
 weight, and frequency of use. Control system shall have characteristics suitable for Project
 conditions, with control stations, safety devices, and weatherproof enclosures.
 1. Provide operator matched by gate-manufacturer for gate size, layout, and other
 requirements as indicated.
 2. Operator design shall allow for removal of cover or motor without disturbing limit-switch
 adjustment and without affecting auxiliary emergency operation.
 3. Electronic components shall have built-in troubleshooting diagnostic feature.
 4. Unit shall be designed and wired for both right-hand/left-hand opening, permitting
 universal installation.
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 B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
 a qualified testing agency, and marked for intended location and application.
 C. UL Standard: Manufacture and label gate operators according to UL 325.
 D. Motors: Comply with NEMA MG 1.
 1. Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet
 above sea level.
 2. Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate connected
 loads at designated speeds, at installed altitude and environment, with indicated operating
 sequence, and without exceeding nameplate ratings or considering service factor.
 3. Service Factor: 1.15.
 4. Electrical Characteristics:
 a. Horsepower: 1.
 b. Voltage: 460 V ac, three phase, 60 hertz. Manufacturer to verify electrical
 requirements for motor needed for gate layout, size, weight and other properties as
 required. Coordinate with electrical contractor to provide alternate electrical
 service, including changes needed to panelboards, disconnects and other electrical
 work.
 E. Gate Operators: Post mounted and as follows:
 1. Mechanical Swing Gate Operators:
 a. Duty: Heavy duty, commercial/industrial.
 b. Gate Speed: Minimum 60 feet per minute.
 c. Maximum Gate Weight: 1000 lbs.
 d. Frequency of Use: 25 cycles per hour.
 e. Operating Type: Crank arm.
 f. Drive Type: Manufacturer’s standard.
 F. Controls: Electric controls separated from gate and motor and drive mechanism, with
 NEMA 250, Type 4 enclosure for pedestal mounting and with space for additional optional
 equipment.
 G. Control Devices:
 1. Card Reader: Provide pedestal and rough-in for card readers, to be installed by Owner.
 Coordinate with owner to determine final electrical requirements of system.
 2. Vehicle Presence Detector: System that includes automatic closing timer with adjustable
 time delay before closing and presence detector designed to hold gate open until traffic
 clears.
 a. Provide emitter/receiver detector with adjustable detection zone pattern and
 sensitivity, designed to detect the presence or transit of a vehicle in gate pathway
 when infrared beam in zone pattern is interrupted, and to emit a signal activating
 the gate operator.
 H. Obstruction Detection Devices: Provide each motorized gate with automatic safety sensor(s).
 Activation of sensor(s) causes operator to immediately function as follows:
 1. Action: Stop gate in opening cycle and reverse gate in closing cycle and hold until clear
 of obstruction.
 2. Internal Sensor: Built-in torque or current monitor senses gate is obstructed.
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 3. Sensor Edge: Contact-pressure-sensitive safety edge, profile, and sensitivity designed for
 type of gate and component indicated, in locations as follows. Connect to control circuit
 using gate edge transmitter and operator receiver system.
 a. Along entire gate leaf leading edge.
 b. Along entire length of pinch point posts, if any.
 I. Limit Switches: Adjustable switches, interlocked with motor controls and set to automatically
 stop gate at fully open and fully closed positions.
 J. Emergency Release Mechanism: Quick-disconnect release of operator drive system, permitting
 manual operation if operator fails. Control circuit power is disconnected during manual
 operation.
 1. Type: Integral fail-safe release, allowing gate to be pushed open without mechanical
 devices, keys, cranks, or special knowledge.
 K. Operating Features:
 1. System Integration: With controlling circuit board capable of accepting any type of input
 from external devices.
 2. Automatic Closing Timer: With adjustable time delay before closing and timer cut-off
 switch.
 3. Open Override Circuit: Designed to override closing commands.
 4. Reversal Time Delay: Designed to protect gate system from shock load on reversal in
 both directions.
 5. Maximum Run Timer: Designed to prevent damage to gate system by shutting down
 system if normal time to open gate is exceeded.
 L. Accessories:
 1. Instructional, Safety, and Warning Labels and Signs: According to UL 325.
 2. Equipment Bases/Pads: Cast-in-place or precast concrete, depth not less than 12 inches,
 dimensioned and reinforced according to gate-operator component manufacturer's written
 instructions and as indicated on Drawings.
 2.7 GROUT AND ANCHORING CEMENT
 A. Nonshrink, Nonmetallic Grout: Factory-packaged, nonstaining, noncorrosive, nongaseous grout
 complying with ASTM C 1107. Provide grout, recommended in writing by manufacturer, for
 exterior applications.
 B. Anchoring Cement: Factory-packaged, nonshrink, nonstaining, hydraulic-controlled expansion
 cement formulation for mixing with water at Project site to create pourable anchoring, patching,
 and grouting compound. Provide formulation that is resistant to erosion from water exposure
 without needing protection by a sealer or waterproof coating, and that is recommended in
 writing by manufacturer for exterior applications.
 2.8 CAST-IN-PLACE CONCRETE
 A. Materials: Portland cement complying with ASTM C 150, Type I, aggregates complying with
 ASTM C 33, and potable water for ready-mixed concrete complying with ASTM C 94.
 1. Concrete Mixes: Normal-weight concrete, air entrained, with not less than 3000-psi
 compressive strength (28 days), 3-inch slump, and 1-inch maximum size aggregate.
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 B. Materials: Dry-packaged concrete mix complying with ASTM C 387 for normal-weight
 concrete mixed with potable water according to manufacturer's written instructions.
 PART 3 - EXECUTION
 3.1 EXAMINATION
 A. Examine areas and conditions, with Installer present, for compliance with requirements for site
 clearing, earthwork, pavement work, and other conditions affecting performance of the Work.
 1. Do not begin installation before final grading is completed unless otherwise permitted by
 Architect.
 B. Proceed with installation only after unsatisfactory conditions have been corrected.
 3.2 PREPARATION
 A. Stake locations of fence lines, gates, and terminal posts. Indicate locations of utilities,
 underground structures, benchmarks, and property monuments.
 3.3 CHAIN-LINK FENCE INSTALLATION
 A. Install chain-link fencing according to ASTM F 567 and more stringent requirements specified.
 1. Install fencing on established boundary lines inside property line.
 B. Post Excavation: Drill or hand-excavate holes for posts to diameters and spacings indicated, in
 firm, undisturbed soil.
 C. Post Setting: Set posts in concrete at indicated spacing into firm, undisturbed soil.
 1. Verify that posts are set plumb, aligned, and at correct height and spacing, and hold in
 position during setting with concrete or mechanical devices.
 2. Concrete Fill: Place concrete around posts to dimensions indicated and vibrate or tamp
 for consolidation. Protect aboveground portion of posts from concrete splatter.
 a. Exposed Concrete: Extend 2 inches above grade; shape and smooth to shed water.
 D. Terminal Posts: Install terminal end, corner, and gate posts according to ASTM F 567.
 E. Line Posts: Space line posts uniformly.
 F. Post Bracing and Intermediate Rails: Install according to ASTM F 567, maintaining plumb
 position and alignment of fence posts. Diagonally brace terminal posts to adjacent line posts
 with truss rods and turnbuckles. Install braces at end and gate posts and at both sides of corner
 and pull posts.
 1. Locate horizontal braces at midheight of fabric 72 inches or higher, on fences with top
 rail, and at two-third fabric height on fences without top rail. Install so posts are plumb
 when diagonal rod is under proper tension.
 G. Top Rail: Install according to ASTM F 567, maintaining plumb position and alignment of fence
 posts. Run rail continuously through line post caps, bending to radius for curved runs and
 terminating into rail end attached to posts or post caps fabricated to receive rail at terminal
 posts. Provide expansion couplings as recommended in writing by fencing manufacturer.
 H. Intermediate and Bottom Rails: Secure to posts with fittings.
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 I. Chain-Link Fabric: Apply fabric to outside of enclosing framework. Leave 2-inch bottom
 clearance between finish grade or surface and bottom selvage unless otherwise indicated. Pull
 fabric taut and tie to posts and rails. Anchor to framework so fabric remains under tension after
 pulling force is released.
 J. Tension or Stretcher Bars: Thread through fabric and secure to end, corner, pull, and gate posts,
 with tension bands spaced not more than 15 inches o.c.
 K. Tie Wires: Use wire of proper length to firmly secure fabric to line posts and rails. Attach wire
 at one end to chain-link fabric, wrap wire around post a minimum of 180 degrees, and attach
 other end to chain-link fabric according to ASTM F 626. Bend ends of wire to minimize hazard
 to individuals and clothing.
 1. Maximum Spacing: Tie fabric to line posts at 12 inches oc and to braces at 24 inches oc.
 L. Fasteners: Install nuts for tension bands and carriage bolts on the side of fence opposite the
 fabric side.
 3.4 GATE INSTALLATION
 A. Install gates according to manufacturer's written instructions, level, plumb, and secure for full
 opening without interference. Attach fabric as for fencing. Attach hardware using tamper-
 resistant or concealed means. Install ground-set items in concrete for anchorage. Adjust
 hardware for smooth operation.
 3.5 GATE-OPERATOR INSTALLATION
 A. Install gate operators according to manufacturer's written instructions, aligned and true to fence
 line and grade.
 B. Excavation: Hand-excavate holes for posts, pedestals, and equipment bases/pads, in firm,
 undisturbed soil to dimensions and depths and at locations according to gate-operator
 component manufacturer's written instructions and as indicated.
 C. Ground electric-powered motors, controls, and other devices according to NFPA 70 and
 manufacturer's written instructions.
 3.6 ADJUSTING
 A. Gates: Adjust gates to operate smoothly, easily, and quietly, free of binding, warp, excessive
 deflection, distortion, nonalignment, misplacement, disruption, or malfunction, throughout
 entire operational range. Confirm that latches and locks engage accurately and securely without
 forcing or binding.
 B. Automatic Gate Operator: Energize circuits to electrical equipment and devices, start units, and
 verify proper motor rotation and unit operation.
 1. Test and adjust operators, controls and safety devices. Replace damaged and
 malfunctioning controls and equipment.
 2. Lubricate operator and related components.
 C. Lubricate hardware and other moving parts.
 3.7 DEMONSTRATION
 A. Engage a factory-authorized service representative to train Owner's maintenance personnel to
 adjust, operate, and maintain chain-link fences and gates.
 END OF SECTION 323100
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 SECTION 32 9200 - LAWNS AND GRASSES
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. The provisions of the Contract Documents apply to the work of this Section.
 1.2 SUMMARY
 A. This Section includes the following:
 1. Fine grading and preparing lawn areas
 2. Topsoil Placement
 3. Soil amendments
 4. Fertilizers
 5. Lawn Seeding
 6. Bioretention Sod
 7. Lawn Restoration
 8. Pasture Seeding
 1.3 DEFINITIONS
 A. Finish Grade: Elevation of finished surface of planting soil.
 B. Lawns: All areas disturbed by construction and not otherwise covered by paving, buildings or other
 structures.
 1.4 SUBMITTALS
 A. Certification by product manufacturer that the following products supplied comply with
 requirements:
 1. Grass Seed
 a) Certification of grass seed from seed vendor for each grass-seed mixture stating the
 botanical and common name and percentage by weight of each species and variety,
 and percentage of purity, germination, and weed seed. Include the year of
 production and date of packaging.
 b) Certification letter from supplier that the seed is Blue Tag Certified.
 B. Sod
 1. Certification letter from the supplier that the seed is Gold Tag Certified.
 C. Installers qualifications
 1. Provide a list, with references, of the past three projects of a similar magnitude.
 D. Topsoil Amendment Plan.
 1. Provide copy of topsoil testing report.
 2. List of amendments proposed for topsoil, including application rates.
 1.5 QUALITY ASSURANCE
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 A. Installer Qualifications: Engage an experienced installer, who has successfully completed lawn
 establishment projects similar in size and complexity to this project. The installer’s primary
 business (defined as a minimum of 60% of total billings) shall be establishment of lawns.
 1.6 DELIVERY, STORAGE, AND HANDLING
 A. Seed: Deliver seed in original sealed, labeled, and undamaged containers.
 1.7 COORDINATION AND SCHEDULING
 A. Lawn Planting Season: Sow lawn seed during normal planting seasons for type of lawn work
 required.
 1. Spring Planting Season: March 15 through May 15
 2. Fall Planting Season: September 15 through November 15
 B. Lawn Seeding Schedule
 1. If job completion schedule does not allow seeding within a normal planting season, provide
 interim temporary seeding necessary to stabilize site. Complete permanent seeding during
 the next planting season.
 C. Pasture Planting Season: Sow pasture seed during the following:
 1. Pasture Mix.
 a) March - May is approved for Spring installation.
 b) September - October is approved for Fall installation.
 D. Planting Season - Sod: Sod during normal planting seasons for type of lawn work required.
 1. Spring Planting Season: March 15 - May 15
 2. Summer Planting Season: May 15 - September 15 with approved irrigation system.
 3. Fall Planting Season: September 15 through November 15
 E. Weather Limitations: Proceed with planting only when existing and forecast weather conditions
 are suitable for work.
 1.8 LIMITS OF SEEDING
 A. Seed all lawn areas not otherwise indicated as pasture or mulch beds.
 1.9 LIMITS OF SODDING
 A. Sod basin area of the bioretention.
 1.10 LIMITS OF LAWN RENOVATION
 A. All existing lawn areas disturbed by construction activities.
 1.11 PAYMENT PROCEDURES FOR LAWNS AND GRASSES
 A. Establish a line item in the Schedule of Values for Lawn Maintenance. This line item shall
 represent a minimum of thirty percent (30%) of the total value of the seeding for the project.
 B. Lawn maintenance will be paid on a monthly basis, following the satisfactory maintenance of the
 lawns.
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 PART 2 – PRODUCTS
 2.1 TOPSOIL
 A. Topsoil: ASTM D 5268, pH range of 5.5 to 7, a minimum of 4 percent organic material content;
 free of stones 1” or larger in any dimension and other extraneous materials harmful to plant
 growth.
 1. Topsoil Source: Reuse surface soil stockpiled on-site. Verify suitability of stockpiled
 surface soil to produce topsoil. Clean surface soil of roots, plants, sod, stones, clay lumps,
 and other extraneous materials harmful to plant growth.
 a) Supplement with imported or manufactured topsoil from off-site sources when
 quantities are insufficient. Obtain topsoil displaced from naturally well-drained
 construction or mining sites where topsoil occurs at least 4 inches deep; do not
 obtain from agricultural land, bogs or marshes.
 B. Have topsoil tested by a certified soil testing laboratory to determine the type and quantity of soil
 amendments necessary. Add amendments to topsoil as necessary to meet these requirements.
 2.2 INORGANIC SOIL AMENDMENTS
 A. If the topsoil analysis indicates the need for inorganic soil amendments, the following standards
 apply:
 B. Lime: ASTM C 602, agricultural limestone containing a minimum 80 percent calcium carbonate
 equivalent and as follows:
 1. Class: Class O, with a minimum 95 percent passing through No. 8 (2.36-mm) sieve and a
 minimum 55 percent passing through No. 60 (0.25-mm) sieve.
 2. Provide lime in form of dolomitic limestone.
 C. Sulfur: Granular, biodegradable, containing a minimum of 90 percent sulfur, with a minimum 99
 percent passing through No. 6 (3.35-mm) sieve and a maximum 10 percent passing through
 No. 40 (0.425-mm) sieve.
 D. Iron Sulfate: Granulated ferrous sulfate containing a minimum of 20 percent iron and 10 percent
 sulfur.
 E. Aluminum Sulfate: Commercial grade, unadulterated.
 F. Perlite: Horticultural perlite, soil amendment grade.
 G. Agricultural Gypsum: Finely ground, containing a minimum of 90 percent calcium sulfate.
 H. Sand: Clean, washed, natural or manufactured, free of toxic materials.
 I. Diatomaceous Earth: Calcined, diatomaceous earth, 90 percent silica, with approximately 140
 percent water absorption capacity by weight.
 J. Zeolites: Mineral clinoptilolite with at least 60 percent water absorption by weight.
 2.3 ORGANIC SOIL AMENDMENTS
 A. If the topsoil analysis indicates the need for organic soil amendments, the following standards
 apply:

Page 381
						

RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect’s Project No.: 563102 Owner’s Project No.: 0-28779
 LAWNS AND GRASSES 32 9200 - 4
 B. Compost: Well-composted, stable, and weed-free organic matter, pH range of 5.5 to 8; moisture
 content 35 to 55 percent by weight; 100 percent passing through 3/4-inch (19-mm) sieve; soluble
 salt content of 5 to 10 decisiemens/m; not exceeding 0.5 percent inert contaminants and free of
 substances toxic to plantings; and as follows:
 1. Organic Matter Content: 50 percent of dry weight.
 2. Feedstock: Agricultural, food, or industrial residuals; biosolids; yard trimmings; or
 source-separated or compostable mixed solid waste.
 3. Peat: Finely divided or granular texture, with a pH range of 6 to 7.5, containing partially
 decomposed moss peat, native peat, or reed-sedge peat and having a water-absorbing
 capacity of 1100 to 2000 percent.
 4. Wood Derivatives: Decomposed, nitrogen-treated sawdust, ground bark, or wood waste;
 of uniform texture, free of chips, stones, sticks, soil, or toxic materials.
 5. Manure: Well-rotted, unleached, stable or cattle manure containing not more than 25
 percent by volume of straw, sawdust, or other bedding materials; free of toxic substances,
 stones, sticks, soil, weed seed, and material harmful to plant growth.
 2.4 FERTILIZER
 A. Bonemeal: Commercial, raw or steamed, finely ground; a minimum of 4 percent nitrogen and 20
 percent phosphoric acid.
 B. Superphosphate: Commercial, phosphate mixture, soluble; a minimum of 20 percent available
 phosphoric acid.
 C. Commercial Fertilizer: Commercial-grade complete fertilizer of neutral character, consisting of
 fast- and slow-release nitrogen, 50 percent derived from natural organic sources of urea
 formaldehyde, phosphorous, and potassium in the following composition:
 1. Composition: Nitrogen, phosphorous, and potassium in amounts recommended in topsoil
 analysis reports from a qualified soil-testing agency.
 2. Minimum Composition: No less than 1 lb/1000 sq. ft. (0.45 kg/92.9 sq. m) of actual
 nitrogen, 4 percent phosphorous, and 2 percent potassium, by weight.
 2.5 LAWN SEED
 A. All grass seed must be fresh, clean, and dry.
 B. Seed Species
 Proportion by
 Weight
 Grass Species Min. %
 Germination
 Min. % Pure
 Seed
 Max. % Weed
 Seed
 10% Kentucky bluegrass (Poa
 pratensis).
 80 85 0.50
 90% Tall Fescue (Festuca
 arundinacea).
 85 98 0.50
 C. Varieties shall be selected from the most recent list of recommended turfgrass varieties, published
 by Virginia Tech.
 D. All seed shall be Blue Tag certified by the Oregon State Seed Laboratory. Tags must be attached
 to each bag delivered on site.
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 2.6 SOD
 A. Sod: Certified sod, complying with TPI’s “Specifications for Turfgrass Sod Materials” in its
 “Guideline Specifications to Turfgrass Sodding”. Comply with ASPA specification for machine
 cut thickness, size, strength, moisture content and mowed height, and free of weeks and
 undesirable native grasses. Provide viable sod of uniform density, color and texture, stongly
 rooted, and capable of vigorous growth and development when planted provide the following
 turfgrass species.
 1. 90 Percent Tall Fescue (festuca arundinacea). 10 Percent Kentucky Bluegrass
 (Poapratensis) mix.
 B. All sod shall be Gold Tag certified by the Virginia Crop Improvement Association.
 2.7 PASTURE
 A. Pasture: Use Southern States Pro Horse Pasture Mix or approved equivalent.
 1. 30 Percent Orchardgrass (Benchmark Plus). 25 Percent Kentucky bluegrass (98/85). 25
 Percent Perennial Ryegrass (Boost). 15 Percent Timothy (Derby). 5 Percent Ladino Clover
 (Will) mix.
 2.8 MULCHES
 A. Straw Mulch: Provide air-dry, clean, mildew- and seed-free, salt hay or threshed straw of wheat,
 rye, oats, or barley.
 B. Peat Mulch: Finely divided or granular texture, with a pH range of 6 to 7.5, containing partially
 decomposed moss peat, native peat, or reed-sedge peat and having a water-absorbing capacity of
 1100 to 2000 percent.
 C. Compost Mulch: Well-composted, stable, and weed-free organic matter, pH range of 5.5 to 8;
 moisture content 35 to 55 percent by weight; 100 percent passing through 1-inch (25-mm) sieve;
 soluble salt content of 5 to 10 decisiemens/m; not exceeding 0.5 percent inert contaminants and
 free of substances toxic to plantings; and as follows:
 1. Organic Matter Content: 50 percent of dry weight.
 D. Fiber Mulch: Biodegradable, dyed-wood, cellulose-fiber mulch; nontoxic; free of plant-growth or
 germination inhibitors; with maximum moisture content of 15 percent and a pH range of 4.5 to
 6.5.
 2.9 EROSION-CONTROL MATERIALS
 A. Erosion-Control Fiber Mesh: Biodegradable twisted jute or spun-coir mesh, a minimum of 0.92
 lb/sq. yd. with 50 to 65 percent open area. Include manufacturer's recommended steel wire
 staples, 6 inches long.
 PART 3 - EXECUTION
 3.1 EXAMINATION
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 A. Examine areas to receive lawns and grass for compliance with requirements and for conditions
 affecting performance of the Work. Do not proceed with installation until unsatisfactory
 conditions have been corrected.
 3.2 PREPARATION
 A. Protect structures, utilities, sidewalks, pavements, and other facilities, trees, shrubs, and
 plantings from damage caused by planting operations.
 B. Provide erosion-control measures to prevent erosion or displacement of soils and discharge of
 soil-bearing water runoff or airborne dust to adjacent properties and walkways.
 C. Protect adjacent and adjoining areas from hydroseed overspraying.
 3.3 TOPSOIL PLACEMENT FOR LAWNS
 A. Limit subgrade preparation to areas that will be planted in the immediate future.
 B. Loosen subgrade to a minimum depth of 4 inches. Remove stones, sticks and roots larger than 2
 inches in any dimension from subgrade. Completely remove trash and other extraneous debris
 from subgrade.
 C. Have topsoil tested by a certified soil testing laboratory to determine the type and quantity of soil
 amendments necessary.
 D. Sift topsoil to remove stones and other objects larger than 1” in any dimension. Maximum object
 size for topsoil shall be achieved by sifting not by hand removal or raking following placement of
 topsoil.
 E. Mix soil amendments and fertilizers with topsoil at rates required by soil testing. Delay mixing
 fertilizer if planting does not follow placing of planting soil within 4 days. Either mix soil before
 spreading or apply soil amendments on surface of spread topsoil and mix thoroughly into top 4
 inches of topsoil before planting.
 F. Mix lime with dry soil prior to mixing fertilizer.
 G. Spread topsoil to a minimum depth of six inches (6”).
 3.4 SEEDING LAWNS
 A. Sow seed with a spreader or a seeding machine. Do not broadcast or drop seed when wind
 velocity exceeds 5 mph. Evenly distribute seed by sowing equal quantities in 2 directions at right
 angles to each other.
 B. Do not use wet seed or seed that is moldy or otherwise damaged in transit or storage.
 C. Sow seed at the following rates:
 1. Seeding Rate: 200 lbs./acre.
 D. Rake seed lightly into top 1/4 inch of topsoil, roll lightly, and water with fine spray.
 E. Hydroseed all slopes 3:1 or steeper.
 F. Protect seeded areas 3:1 slope/grade or steeper against erosion by providing erosion-control
 blankets installed and stapled according to manufacturer's recommendations.
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 G. Protect seeded areas less than 3:1 slope/grade against erosion by spreading straw mulch after
 completion of seeding operations. Spread uniformly at a minimum rate of 2 tons per acre to form
 a continuous blanket 1-1/2 inches (38 mm) loose depth over seeded areas. Spread by hand,
 blower, or other suitable equipment.
 1. Anchor straw mulch by crimping into topsoil by suitable mechanical equipment.
 3.5 SODDING BIORETENTION
 A. Ensure that the bioretention area is ready for sodding prior to stripping.
 B. Lay sod within 24 hours of stripping. Do not lay sod if dormant or if ground is frozen.
 C. Lay sod to form a solid mass with tightly fitted joints. Butt ends and sides of sod; do not stretch
 or overlap. Stagger sod strips or pads to offset joints in adjacent courses. Avoid damage to
 subgrade or sod during installation. Tamp and roll lightly to ensure contact with subgrade,
 eliminate air pockets and form a smooth surface. Work sifted soil or fine sand into minor cracks.
 D. Saturate sod with fine water spray within two (2) hours of planting. During first week, water
 daily or more frequently as necessary to maintain moist soil below the sod.
 E. Once established, utilize a plug aerator to pierce through the sod with one pass over the area.
 Remove and discard loose plugs from the surface.
 F. Top dress with construction grade sand; rake into the holes.
 3.6 LAWN RENOVATION
 A. Renovate existing lawn damaged by Contractor's operations, such as storage of materials or
 equipment and movement of vehicles.
 1. Reestablish lawn where settlement or washouts occur or where minor regrading is
 required.
 B. Remove sod and vegetation from diseased or unsatisfactory lawn areas; do not bury in soil.
 C. Remove topsoil containing foreign materials resulting from Contractor's operations, including oil
 drippings, fuel spills, stone, gravel, and other construction materials, and replace with new
 topsoil.
 D. Remove weeds before seeding. Where weeds are extensive, apply selective herbicides as
 required. Do not use pre-emergence herbicides.
 E. Remove waste and foreign materials, including weeds, soil cores, grass, vegetation, and turf, and
 legally dispose of them off Owner's property.
 F. Till stripped, bare, and compacted areas thoroughly to a soil depth of 6 inches.
 G. Apply soil amendments and initial fertilizers required for establishing new lawns and mix
 thoroughly into top 4 inches of existing soil. Provide new planting soil to fill low spots and meet
 finish grades.
 H. Apply seed and protect with straw mulch as required for new lawns.
 I. Water newly planted areas and keep moist until new lawn is established.
 3.7 MAINTENANCE OF NEW LAWNS
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 A. Begin maintenance of lawns immediately after each area is planted and continue until acceptable
 lawn is established. Maintain seeded lawns until Substantial Completion. Maintain all grassed
 areas as necessary to ensure a satisfactory lawn is achieved at Substantial Completion.
 B. Maintain and establish lawns by watering, fertilizing, weeding, mowing, trimming, replanting,
 and other operations. Roll, regrade, and replant bare or eroded areas and remulch to produce a
 uniformly smooth lawn.
 1. Replant bare areas with same materials as for lawns.
 2. Replace disturbed mulch.
 C. Watering: Provide and maintain temporary hoses, and lawn-watering equipment to convey water
 from a water source to keep lawns uniformly moist to a depth of 4 inches.
 1. Provide a source of water for irrigation. Utilize temporary irrigation meters, a well or
 water trucks as necessary for the water source.
 2. Water seeded areas as necessary to promote vigorous growth of grass but at the minimum
 rate of 1 inch per week.
 D. At a minimum, the following fertilizer applications are required:
 1. By November 30 of the first year apply 15-5-10 commercial fertilizer at the rate of 200
 lbs. per acre over all seeded and sodded areas.
 2. By March 30 of the next Spring, apply 15-5-10 commercial fertilizer at the rate of 350 lbs.
 per acre over all seeded and sodded areas.
 3. By November 30 of the same year, apply 15-5-10 commercial fertilizer at the rate of 200
 lbs. per acre and apply lime at 2000 lbs. per acre over all seeded and sodded areas.
 4. Provide written acknowledgement that this requirement has been met prior to requesting
 Substantial Completion.
 E. Mow lawns as soon as there is enough top growth to cut with mower set at indicated height.
 Repeat mowing as required to maintain indicated height without cutting more than 40 percent of
 the grass height (minimum of 3 mowings). Remove no more than 40 percent of grass-leaf growth
 in initial or subsequent mowings. Do not delay mowing until grass blades bend over and become
 matted. Do not mow when grass is wet. Schedule initial and subsequent mowings to maintain
 following grass height:
 1. Mow grass to a finished height of 2 to 3 inches high.
 F. Apply pre-emergent herbicide to lawns areas. Apply 60 – 90 days after planting.
 3.8 SATISFACTORY LAWN
 A. Seeded lawns shall be considered satisfactory/acceptable provided requirements, including
 maintenance, have been met and a healthy, uniform, close stand of grass is established, free of
 weeds, bare spots exceeding 5 by 5 inches and surface irregularities.
 B. Replant lawns that do not meet requirements and continue maintenance until lawns are
 satisfactory/acceptable.
 C. Substantial Completion of the building and the remainder of the project may be achieved (pending
 prior Architect and Owner approval) before achieving a satisfactory/acceptable lawn. Continue
 to replant and maintain unsatisfactory/unacceptable lawn areas until acceptance is obtained.
 Warranties for lawns shall begin at the time of acceptance of the lawn.
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 3.9 SEEDING PASTURE
 A. Incorporate seed and fertilizer into soil at the rates prescribed in Temporary or Permanent
 Seeding Table
 B. Drill or dry broadcast seed with a spreader or a seeding machine.
 1. Do not broadcast or drop seed when wind velocity exceeds 5 mph.
 2. Dry broadcast seed in two directions, perpendicular to each other. Apply half the seeding
 rate in each direction
 C. Rake or drag seed to the required depth and roll or track lightly to ensure seed-to-soil contact, and
 water with fine spray.
 D. Do not roll or track the seed if the soil is wet.
 3.10 PASTURE MULCHING
 A. Apply straw mulch to seeded area immediately after seeding.
 1. Spread uniformly at a minimum rate of 2.5 tons per acre to form a continuous blanket 1-
 1/2 inches loose depth over seeded areas. Spread by hand, blower, or other suitable
 equipment.
 2. Anchor straw mulch by crimping into topsoil a minimum of 2 inches by suitable
 mechanical equipment.
 3.11 MAINTENANCE OF NEW PASTURE
 A. Installer to begin maintenance of pasture immediately after each area is planted and continues
 until acceptable pasture is established. Maintain the seeded pasture area until a satisfactory
 pasture is achieved.
 B. Watering: Installer to provide a source of water for use in establishing pasture until acceptable.
 1. Pasture Mix
 a) If a minimum ¼ inch of rainfall is not received within 10 days after seeding,
 irrigation with a minimum of ¼ inch of water.
 b) Provide supplemental moisture if and when necessary to assure early survival and
 establishment of pasture.
 C. Establishment
 1. Installer to replant bare areas with pasture seed until establishment of acceptable pasture.
 2. Installer to control invasions by undesirable plants by pulling, mowing or spraying with a
 selective herbicide until establishment of acceptable pasture.
 D. First Year Maintenance (By Owner)
 1. Replant all areas with less than 40% ground cover by following the original seedbed
 preparations, amendment and seeding recommendations
 2. Replant all areas with between 40% and 85% cover by over-seeding and fertilizing at half
 the original rate.
 3.12 SATISFACTORY PASTURE
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 A. All pasture areas shall be considered satisfactory/acceptable provided requirements, including
 maintenance, have been met and a healthy, uniform, close stand of desired vegetation is
 established and no bare spots exceeding 5 by 5 inches or any surface irregularities.
 B. Replant pasture that do not meet requirements and continue maintenance until pasture is
 satisfactory/acceptable by Contracting Officer.
 3.13 CLEANUP AND PROTECTION
 A. Promptly remove soil and debris created by lawn work from sidewalks and paved areas. Clean
 wheels of vehicles before leaving site to avoid tracking soil onto surface of roads, walks, or other
 paved areas.
 B. Erect barricades and warning signs as required to protect newly planted areas from traffic.
 Maintain barricades throughout maintenance period until lawn is established.
 END OF SECTION 32 9200
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 SECTION 32-9300 - EXTERIOR PLANTS
 PART 1 – GENERAL
 1.1 RELATED DOCUMENTS
 A. The provisions of the Contract Documents apply to the work of this Section.
 1.2 SUMMARY
 A. This Section includes the following:
 1. Trees
 2. Shrubs
 3. Groundcovers
 4. Other Plant Materials
 5. Stakes & Guys
 1.3 SUBMITTALS
 A. Installers Qualifications: Provide a list, with references, of the past three projects of similar
 scope.
 B. Product Data: For each type of product indicated.
 C. Plant Material Certifications:
 1. Certificates of inspection as required by governmental authorities.
 2. Label data substantiating that plant materials comply with specified requirements.
 D. Planting Schedule:
 1. Typewritten planting schedule.
 2. Once accepted, revise dates only as approved in writing and submitted to Architect.
 E. Maintenance Schedules: Typewritten instructions recommending procedures for maintenance of
 landscape work for one full year. Submit prior to completion of project.
 1.4 QUALITY ASSURANCE
 A. Installer Qualifications: Engage an experienced installer, who has successfully completed planting
 projects similar in size and complexity to this project. The installer’s primary business (defined as
 a minimum of 60% of total billings) shall be exterior plant installation.
 B. Installer’s Field Supervision: Installer to maintain an experienced full-time supervisor on the
 project site when exterior planting is in progress.
 C. Exterior Plant Materials:
 1. Provide plant materials of quantity, size, genus, species, and variety indicated on the
 Drawings.
 2. All plant materials and work shall comply with recommendations and requirements of
 ANSI Z60.1 “American Standard for Nursery Stock.”
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 3. Do not make substitutions. If specified landscape material is not obtainable, submit proof
 of non-availability to Architect, together with proposal for use of equivalent material.
 4. The Architect may inspect plant materials either at place of growth or on site before
 planting, for compliance with requirements for genus, species, variety, size, and quality.
 Architect retains right to further inspect trees for size and condition of balls and root
 systems, insects, injuries and latent defects, and to reject unsatisfactory or defective
 material at any time during progress of work. Remove rejected trees immediately from
 project site.
 D. Preinstallation Conference: Conduct conference at Project site to comply with requirements in
 Division 1 Section "Project Management and Coordination."
 1.5 DELIVERY, STORAGE AND HANDLING
 A. Packaged Materials:
 1. Deliver packaged materials in containers showing weight, analysis, and name of
 manufacturer or grower.
 2. Protect materials from deterioration during delivery, and while stored at site.
 B. Exterior Plant Materials
 1. Protect bark, branches, and root systems from sun scald, drying, sweating, whipping, and
 other handling and tying damage. Do not bend or bind-tie trees or shrubs in such a manner
 as to destroy their natural shape. Provide protective covering of exterior plants during
 delivery. Do not drop exterior plants during delivery.
 2. Deliver exterior plant materials after preparations for planting have been completed and
 plant immediately. If planting is delayed more than 6 hours after delivery, set plant
 materials in shade, protect from weather and mechanical damage, and keep roots moist and
 free from frost.
 3. Do not remove container-grown stock from containers until planting time.
 4. Balled and burlapped material shall be freshly dug.
 5. Handle planting stock by root ball.
 1.6 PROJECT CONDITIONS
 A. Examine the subgrade, verify the elevations, and observe the conditions under which work is to
 be performed. Do not proceed with the work until unsatisfactory conditions have been corrected
 in a manner acceptable to the installer.
 B. Determine location of underground utilities and perform work in a manner which will avoid
 possible damage. Hand excavate as required.
 C. When conditions detrimental to plant growth are encountered, such as rubble fill, adverse
 drainage conditions, or obstructions, notify Architect before planting.
 D. Provide all necessary safeguards for the protection of all planted areas until provisional
 inspection/acceptance is accomplished.
 E. Planting Restrictions: Plant during one of the following periods.
 1. Spring Planting: Unfrozen soil conditions March 1-June 1st.
 2. Fall Planting: September 1-November 1st or until frozen soil conditions prevent work.
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 3. Summer Planting: June 1 – September 1 with approved irrigation system.
 F. Coordination with Lawns: Install plant materials after finish grades are established and before
 planting lawns, unless otherwise acceptable to the Architect.
 1. When planting exterior plants after lawns, protect lawn areas and promptly repair damage
 caused by planting operations.
 1.7 WARRANTY
 A. Warranty exterior plant materials for a period of one year after date of Final Completion against
 defects including death and unsatisfactory growth, except for defects resulting from neglect by
 Owner, abuse or damage by others, or unusual phenomena or incidents which are beyond
 Contractor’s control.
 1. The Contractor shall provide written notice to the Architect of any practice which will
 affect the warranty if not remedied promptly. The Architect will render an opinion of the
 conflict if necessary.
 2. Make replacements of all dead plants or plants in impaired condition (more than 25% dead
 or dying) condition in early spring/fall following installation. Replacements of dead or
 rejected plants should again be made prior to the expiration of the warranty period.
 1.8 MAINTENANCE
 A. The Owner is responsible for maintaining all exterior plant material throughout the warranty
 period according to the submitted Maintenance Schedule.
 B. Remove all stakes and guy wires at the end of the 12 month guarantee period.
 PART 2 – PRODUCTS
 2.1 EXTERIOR PLANT MATERIALS
 A. General: Provide nursery-grown plant materials complying with ANSI Z60.1, with healthy root
 systems developed by transplanting or root pruning. Provide well-shaped, fully branched,
 healthy, vigorous stock free of disease, insects, eggs, larvae, and defects such as knots, sun scald,
 injuries, abrasions, and disfigurement.
 B. Label at least one tree and one shrub of each variety and caliper with a securely attached,
 waterproof tag bearing legible designation of botanical and common name.
 2.2 PLANTS
 A. Annuals: Provide healthy, disease-free plants of species and variety indicated. Provide only
 plants that are acclimated to outdoor conditions before delivery and that are in bud but not yet in
 bloom
 B. Perennials: Provide healthy, field-grown plants from a commercial nursery of species and variety
 shown or listed.
 C. Vines: Provide plants with heavy, well-branched tops, with not less than three runners and a
 vigorous well-developed root system.
 2.3 FERTILIZER
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 A. Commercial Fertilizer: Commercial-grade complete fertilizer of neutral character, consisting of
 fast- and slow-release nitrogen, 50 percent derived from natural organic sources of urea
 formaldehyde, phosphorous, and potassium. Revise fertilizer mix to remedy deficiencies found in
 soil.
 1. Composition: 1 lb/1000 sq. ft. (0.45 kg/92.9 sq. m. of actual nitrogen, 4 percent
 phosphorous, and 2 percent potassium, by weight.
 2. Composition: Nitrogen, phosphorous, and potassium in amounts recommended in soil
 reports from a qualified soil-testing agency.
 B. Slow-Release Fertilizer: Granular or pelleted fertilizer consisting of 50 percent water-insoluble
 nitrogen, phosphorus, and potassium. Revise fertilizer mix to remedy deficiencies found in soil.
 1. Composition: 20 percent nitrogen, 10 percent phosphorous, and 10 percent potassium, by
 weight.
 2. Composition: Nitrogen, phosphorous, and potassium in amounts recommended in soil
 reports from a qualified soil-testing agency.
 2.4 MULCHES
 1. Organic Mulch: Six (6) month old well rotted double shredded native hardwood bark
 mulch not larger than 4” in length and 1/2” in width, free of woodchips and sawdust.
 2.5 WATER
 1. Free of substances harmful to plant growth.
 2.6 TOPSOIL
 A. Topsoil: ASTM D 5268, pH range of 5.5 to 7, a minimum of 4 percent organic material content.
 Topsoil shall be fertile, friable, natural topsoil of loamy character, without admixture of subsoil
 material, obtained from a well-drained arable site, reasonably free from clay, lumps, coarse
 sands, stones, plants, roots, sticks and other foreign materials.
 B. Topsoil Source:
 1. Reuse surface soil stockpiled on-site. Verify suitability of stockpiled surface soil to
 produce topsoil. Clean surface soil of roots, plants, sod, stones, clay lumps, and other
 extraneous materials harmful to plant growth.
 a) Supplement with imported or manufactured topsoil from off-site sources when
 quantities are insufficient. Obtain topsoil displaced from naturally well-drained
 sites where topsoil occurs at least 4 inches (100 mm) deep; do not obtain from
 agricultural land, bogs or marshes.
 2. Import topsoil or manufactured topsoil from off-site sources. Obtain topsoil displaced
 from naturally well-drained sites where topsoil occurs at least 4 inches (100 mm) deep; do
 not obtain from agricultural land, bogs or marshes.
 3. Amend existing in-place surface soil to produce topsoil. Verify suitability of surface soil
 to produce topsoil. Clean surface soil of roots, plants, sod, stones, clay lumps, and other
 extraneous materials harmful to plant growth.
 a) Surface soil may be supplemented with imported or manufactured topsoil from off-
 site sources. Obtain topsoil displaced from naturally well-drained sites where
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 topsoil occurs at least 4 inches (100 mm) deep; do not obtain from agricultural land,
 bogs or marshes.
 2.7 INORGANIC SOIL AMENDMENTS
 A. Lime: ASTM C 602, agricultural limestone containing a minimum 80 percent calcium carbonate
 equivalent and as follows:
 1. Class: Class T, with a minimum 99 percent passing through No. 8 (2.36-mm) sieve and a
 minimum 75 percent passing through No. 60 (0.25-mm) sieve.
 2. Class: Class O, with a minimum 95 percent passing through No. 8 (2.36-mm) sieve and a
 minimum 55 percent passing through No. 60 (0.25-mm) sieve.
 3. Provide lime in form of dolomitic limestone.
 B. Sulfur: Granular, biodegradable, containing a minimum of 90 percent sulfur, with a minimum 99
 percent passing through No. 6 (3.35-mm) sieve and a maximum 10 percent passing through
 No. 40 (0.425-mm) sieve.
 C. Iron Sulfate: Granulated ferrous sulfate containing a minimum of 20 percent iron and 10 percent
 sulfur.
 D. Aluminum Sulfate: Commercial grade, unadulterated.
 E. Perlite: Horticultural perlite, soil amendment grade.
 F. Agricultural Gypsum: Finely ground, containing a minimum of 90 percent calcium sulfate.
 G. Sand: Clean, washed, natural or manufactured, free of toxic materials.
 H. Diatomaceous Earth: Calcined, diatomaceous earth, 90 percent silica, with approximately 140
 percent water absorption capacity by weight.
 I. Zeolites: Mineral clinoptilolite with at least 60 percent water absorption by weight.
 2.8 ORGANIC SOIL AMENDMENTS
 A. Compost: Well-composted, stable, and weed-free organic matter, pH range of 5.5 to 8; moisture
 content 35 to 55 percent by weight; 100 percent passing through 3/4-inch (19-mm) sieve; soluble
 salt content of 5 to 10 decisiemens/m; not exceeding 0.5 percent inert contaminants and free of
 substances toxic to plantings; and as follows:
 1. Organic Matter Content: 50 to 60 percent of dry weight.
 2. Feedstock: Agricultural, food, or industrial residuals; bio-solids; yard trimmings; or
 source-separated or compostable mixed solid waste.
 B. Sphagnum peat moss: Sphagnum peat moss shall be partially decomposed, finely divided or
 granular texture, with a pH range of 3.4 to 4.8.
 C. Peat: Finely divided or granular texture, with a pH range of 6 to 7.5, containing partially
 decomposed moss peat, native peat, or reed-sedge peat and having a water-absorbing capacity of
 1100 to 2000 percent.
 D. Wood Derivatives: Decomposed, nitrogen-treated sawdust, ground bark, or wood waste; of
 uniform texture, free of chips, stones, sticks, soil, or toxic materials.
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 1. In lieu of decomposed wood derivatives, mix partially decomposed wood derivatives with
 at least 0.15 lb (2.4 kg) of ammonium nitrate or 0.25 lb (4 kg) of ammonium sulfate per
 cubic foot (cubic meter) of loose sawdust or ground bark.
 E. Manure: Well-rotted, unleached, poultry, stable or cattle manure containing not more than 25
 percent by volume of straw, sawdust, or other bedding materials; free of toxic substances, stones,
 sticks, soil, weed seed, and material harmful to plant growth.
 2.9 MISCELLANEOUS PRODUCTS
 A. Antidesiccant: Water-insoluble emulsion, permeable moisture retarder, film forming, for trees
 and shrubs. Deliver in original, sealed, and fully labeled containers and mix according to
 manufacturer's written instructions.
 PART 3 – EXECUTION
 3.1 EXAMINATION
 A. Examine areas to receive exterior plants for compliance with requirements and conditions
 affecting installation and performance. Proceed with installation only after unsatisfactory
 conditions have been corrected.
 3.2 PREPARATION
 A. Tree save areas as indicated shall be tagged and approved by the Architect prior to any clearing
 and/or thinning.
 B. Protect structures, utilities, sidewalks, pavements, and other facilities, and lawns and existing
 exterior plants from damage caused by planting operations.
 C. Provide erosion-control measures to prevent erosion or displacement of soils and discharge of
 soil-bearing water runoff or airborne dust to adjacent properties and walkways.
 D. Lay out individual tree and shrub locations and areas for multiple exterior plantings. Stake
 locations, outline areas, adjust locations when requested, and obtain Landscape Architect's
 acceptance of layout before planting. Make minor adjustments as required.
 E. Lay out exterior plants at locations indicated. Stake locations of individual trees and shrubs and
 outline areas for multiple plantings.
 F. Apply antidesiccant to trees and shrubs using power spray to provide an adequate film over
 trunks, branches, stems, twigs, and foliage to protect during digging, handling, and
 transportation.
 1. If deciduous trees or shrubs are moved in full leaf, spray with antidesiccant at nursery
 before moving and again two weeks after planting.
 3.3 PLANTING BED ESTABLISHMENT
 A. Loosen subgrade of planting beds to a minimum depth of 4 inches (100 mm). Remove stones
 larger than 1 inch (25 mm) in any dimension and sticks, roots, rubbish, and other extraneous
 matter and legally dispose of them off of Owner's property.
 1. Apply fertilizer directly to subgrade before loosening.
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 2. Spread topsoil, apply soil amendments and fertilizer on surface, and thoroughly blend
 planting soil mix.
 a) Delay mixing fertilizer with planting soil if planting will not proceed within a few
 days.
 b) Mix lime with dry soil before mixing fertilizer.
 B. Finish Grading: Grade planting beds to a smooth, uniform surface plane with loose, uniformly
 fine texture. Roll and rake, remove ridges, and fill depressions to meet finish grades.
 C. Restore planting beds if eroded or otherwise disturbed after finish grading and before planting.
 3.4 TREE AND SHRUB PLANTING
 A. Set all plant materials plumb and in center of pit or trench as per detail.
 1. Remove burlap and wire baskets from tops of root balls and partially from sides, but do
 not remove from under root balls. Remove pallets, if any, before setting. Do not use
 planting stock if root ball is cracked or broken before or during planting operation.
 2. Carefully remove root ball from container without damaging root ball or plant.
 3. Place planting soil mix around root ball in layers, tamping to settle mix and eliminate voids
 and air pockets. When pit is approximately one-half backfilled, water thoroughly before
 placing remainder of backfill. Repeat watering until no more water is absorbed. Water
 again after placing and tamping final layer of planting soil mix.
 4. Spread roots without tangling or turning toward surface, and carefully work backfill
 around roots by hand. Puddle with water until backfill layers are completely saturated.
 Plumb before backfilling and maintain plumb while working backfill around roots and
 placing layers above roots. Tamp final layer of backfill. Remove injured roots by cutting
 cleanly, do not break.
 5. Dish top of backfill to allow for mulching.
 B. Organic Mulching: Apply 3-inch (75-mm.) average thickness of organic mulch extending 12
 inches (300 mm) beyond edge of planting pit or trench. Do not place mulch within 3 inches (75
 mm) of trunks or stems.
 3.5 TREE AND SHRUB PRUNING
 A. Prune, thin, and shape trees and shrubs as indicated.
 3.6 GROUND COVER AND PLANT PLANTING
 A. Set out and space ground cover and plants as indicated in details.
 B. Water thoroughly after planting, taking care not to cover plant crowns with wet soil.
 3.7 CLEANUP AND PROTECTION
 A. During exterior planting, keep adjacent pavings and construction clean and work area in an
 orderly condition.
 B. Protect exterior plants from damage due to landscape operations, operations by other contractors
 and trades, and others. Maintain protection during installation and maintenance periods. Treat,
 repair, or replace damaged exterior planting.
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 3.8 DISPOSAL
 A. Disposal: Remove surplus soil and waste material, including excess subsoil, unsuitable soil,
 trash, and debris, and legally dispose of them off Owner's property.
 END OF SECTION 02930
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 SECTION 33 1000 - EXTERIOR WATER SYSTEM
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. The provisions of the Contract Documents apply to the work of this Section.
 1.2 SUMMARY
 A. This section includes water service piping, fire protection service mains and appurtenances from the
 source of water to a point 5 feet outside the building.
 1.3 SUBMITTALS
 A. Product data for piping, valves, vaults, fire hydrants, and identification devices.
 1.4 QUALITY ASSURANCE
 A. Comply with local utility department and fire department standards pertaining to materials, meter
 boxes, hose threads and installation.
 B. Comply with the requirements of the latest edition of the City of Richmond Department of Public
 Utilities Water Distribution System Design Guidelines and Standard Specifications and Details.
 1.5 DELIVERY, STORAGE, AND HANDLING
 A. Preparation for Transport: Prepare valves, including fire hydrants, for shipping as follows:
 1. Ensure valves are dry and internally protected against rust and corrosion.
 2. Protect valves against damage to threaded ends, flange faces, and weld ends.
 3. Set valves in best position for handling. Set gate valves and fire hydrants closed to prevent
 rattling.
 B. Storage: Use the following precautions for valves, including fire hydrants, during storage:
 1. Do not remove end protectors unless necessary for inspection; then reinstall for storage.
 2. Protect valves from weather. Store valves indoors. Maintain valve temperature higher than the
 ambient dew point temperature. If outdoor storage is necessary, support valves off the ground
 or pavement in watertight enclosures.
 C. Handling: Use a sling to handle valves, including fire hydrants, whose size requires handling by
 crane or lift. Rig valves to avoid damage to exposed valve parts. Do not use handwheels or stems as
 lifting or rigging points.
 D. Deliver piping 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.
 E. Protect stored piping from moisture and dirt. Elevate above grade. Do not exceed structural
 capacity of floor when storing inside.
 F. Protect flanges, fittings, and specialties from moisture and dirt.
 G. Store plastic piping protected from direct sunlight. Support to prevent sagging and bending.
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 1.6 PROJECT CONDITIONS
 A. Site Information: Perform site surveys, research public utility records, and verify existing utility
 locations. Verify that exterior water system may be installed in compliance with the original design
 and referenced standards. Notify Architect immediately of any discrepancies.
 B. Coordinate connection to the existing water service with
 1.7 SEQUENCING AND SCHEDULING
 A. Coordinate with interior water piping and interior fire protection piping.
 B. Coordinate with other utility work.
 C. Do not interrupt utilities serving facilities occupied by Owner or others unless permitted under the
 following conditions:
 1. Notify Architect not less than two days in advance of the proposed interruption.
 2. Do not proceed with the interruption without Architects written permission.
 3. Provide temporary utility service to the facility.
 PART 2 - PRODUCTS
 2.1 GENERAL
 A. All piping, valves, fittings, fire hydrants, meters, meter vaults, appurtenances and other products
 shall conform to the requirements of the latest edition of the City of Richmond Department of
 Public Utilities Water Distribution System Design Guidelines and Standard Specifications and
 Details.
 PART 3 - EXECUTION
 3.1 GENERAL
 A. Installation of the exterior water system shall comply with the requirements of the latest edition of the
 City of Richmond Department of Public Utilities Water Distribution System Design Guidelines
 and Standard Specifications and Details.
 3.2 PREPARATION OF BURIED PIPE FOUNDATION
 A. Grade trench bottom to provide a smooth, firm, stable, and rock-free foundation throughout the
 length of the pipe.
 B. Remove unstable, soft, and unsuitable materials at the surface upon which pipes are to be laid, and
 backfill with clean sand or pea gravel to indicated level.
 C. Shape bottom of trench to fit bottom of pipe. Fill unevenness with tamped sand backfill. Dig bell
 holes at each pipe joint to relieve the bells of all loads and to ensure continuous bearing of the pipe
 barrel on the foundation.
 3.3 PIPE AND PIPE FITTINGS INSTALLATION
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 A. Depth of Cover: Provide minimum cover over piping of 18 inches below average local frost depth or
 42 inches below finished grade, whichever is greater.
 B. Water Service Termination: Terminate water service piping 5'-0" from building foundation in
 location and invert as indicated. Coordinate location with interior water piping and interior fire
 service piping. Provide temporary pipe plug for piping extension into building.
 3.4 IDENTIFICATION INSTALLATION
 A. Install underground warning tape and tracing wire for underground water service piping, as required
 by the latest edition of the City of Richmond Department of Public Utilities Water Distribution
 System Design Guidelines and Standard Specifications and Details.
 3.5 FIELD QUALITY CONTROL
 A. Testing and Disinfection: Disinfect, flush and test in accordance with the requirements of the latest
 edition of the City of Richmond Department of Public Utilities Water Distribution System
 Design Guidelines and Standard Specifications and Details.
 END OF SECTION 33 1000
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 SECTION 33 3000 - SANITARY SEWERAGE
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS
 A. The provisions of the Contract Documents apply to the work of this Section.
 1.2 SUMMARY
 A. This Section includes sanitary sewerage system piping and appurtenances from a point 5 feet outside
 the building to the point of disposal.
 1.3 SUBMITTALS
 A. Product data for sewer piping specialties.
 B. Shop drawings for precast concrete sanitary manholes, including frames and covers.
 C. Shop drawings for cast-in-place concrete or field-erected masonry sanitary manholes, including
 frames and covers.
 D. Inspection and test reports specified in the "Field Quality Control" Article
 1.4 QUALITY ASSURANCE
 A. Environmental Compliance: Comply with applicable portions of local environmental agency
 regulations pertaining to sanitary sewerage systems, and to the requirements of the Virginia Erosion
 and Sediment Control Handbook for erosion control during installation.
 B. Utility Compliance: Comply with the requirements of the latest edition of the City of Richmond
 Department of Public Utilities Sanitary Sewer System Design Guidelines and Standard
 Specifications and Details.
 1.5 DELIVERY, STORAGE, AND HANDLING
 1. Do not store plastic structures in direct sunlight.
 2. Do not store plastic pipe or fittings in direct sunlight.
 3. Protect pipe, pipe fittings, and seals from dirt and damage.
 4. Handle precast concrete manholes and other structures according to manufacturer's rigging
 instructions.
 1.6 PROJECT CONDITIONS
 A. Site Information: Perform site surveys, research public utility records, and verify existing utility
 locations. Verify that sanitary sewerage system piping may be installed in compliance with original
 design and referenced standards.
 B. Locate existing structures and piping to be closed and abandoned.
 C. Existing Utilities: Do not interrupt existing utilities serving facilities occupied by the Owner or
 others except when permitted under the following conditions and then only after arranging to
 provide acceptable temporary utility services.
 1. Notify Architect not less than 48 hours in advance of proposed utility interruptions.
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 2. Do not proceed with utility interruptions without receiving Architect's written permission.
 1.7 SEQUENCING AND SCHEDULING
 A. Coordinate with interior building sanitary drainage piping.
 B. Coordinate with other utility work.
 PART 2 - PRODUCTS
 2.1 PIPE AND FITTINGS
 A. General: Provide pipe and pipe fitting materials compatible with each other. All materials shall
 comply with the requirements of the latest edition of the City of Richmond Department of Public
 Utilities Sanitary Sewer System Design Guidelines and Standard Specifications and Details.
 B. PVC (Polyvinyl Chloride) Sewer Pipe and Fittings: ASTM D 3034, SDR 35, elastomeric gasket
 joints.
 1. Gaskets: ASTM F 477, elastomeric seal.
 C. Ductile-Iron Pipe: AWWA C151, Class 50 minimum, for push-on joints.
 1. Standard-Pattern, Ductile-Iron and Cast-Iron Fittings: AWWA C110, for push-on joints.
 2. Compact-Pattern, Ductile-Iron Fittings: AWWA C153, for push-on joints.
 3. Pipe and Fitting Interior Coating: AWWA C104, asphaltic-material seal coat, minimum
 1-mil (0.025-mm) thickness.
 4. Gaskets: AWWA C111, rubber.
 2.2 MANHOLES
 A. Precast Concrete Manholes: Shall comply with the latest edition of the City of Richmond
 Department of Public Utilities Sanitary Sewer System Design Guidelines and Standard
 Specifications and Details.
 B. Manhole Steps shall comply with the latest edition of the City of Richmond Department of Public
 Utilities Sanitary Sewer System Design Guidelines and Standard Specifications and Details.
 C. Manhole Frames and Covers: Shall comply with the latest edition of the City of Richmond
 Department of Public Utilities Sanitary Sewer System Design Guidelines and Standard
 Specifications and Details.
 2.3 CLEANOUTS
 A. General: Provide cast-iron ferrule and countersunk brass cleanout plug, with round cast-iron access
 frame and heavy-duty, secured, scoriated cast-iron cover.
 B. Sewer pipe fitting and riser to cleanout: 4" dia. ductile iron pipe.
 PART 3 - EXECUTION
 3.1 PREPARATION OF FOUNDATION FOR BURIED SANITARY SEWERAGE SYSTEMS
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 A. Grade trench bottom to provide a smooth, firm, stable, and rock-free foundation, throughout the
 length of the pipe.
 B. Remove unstable, soft, and unsuitable materials at the surface upon which pipes are to be laid, and
 backfill with clean sand or pea gravel to indicated level.
 C. Install pipe bedding as required by the latest edition of the City of Richmond Department of Public
 Utilities Sanitary Sewer System Design Guidelines and Standard Specifications and Details.
 3.2 PIPE INSTALLATION
 A. Install the sanitary sewerage system in accordance with the requirements of the latest edition of the
 City of Richmond Department of Public Utilities Sanitary Sewer System Design Guidelines and
 Standard Specifications and Details.
 B. Install piping beginning at low point of systems, true to grades and alignment indicated with
 unbroken continuity of invert. Place bell ends of piping facing upstream. Install gaskets, seals,
 sleeves, and couplings in accordance with manufacturer's recommendations for use of lubricants,
 cements, and other installation requirements. Maintain swab or drag in line and pull past each joint
 as it is completed.
 C. Use manholes for changes in direction, except where a fitting is indicated. Use fittings for branch
 connections, except where direct tap into existing sewer is indicated.
 D. Use proper size increasers, reducers, and couplings, where different size or material of pipes and
 fittings are connected. Reduction of the size of piping in the direction of flow is prohibited.
 E. Install piping pitched down in direction of flow, at minimum slope of 2 percent, except where
 indicated otherwise.
 F. Extend sanitary sewerage system piping to connect to building sanitary drains, of sizes and in
 locations indicated.
 3.3 PIPE JOINT CONSTRUCTION AND INSTALLATION
 A. Join and install PVC pipe as follows:
 1. Pipe and gasketed fittings, joining with elastomeric seals, in accordance with ASTM D 3212.
 2. Installation in accordance with ASTM D 2321.
 B. Join different types of pipe with standard manufactured couplings and fittings intended for that
 purpose.
 3.4 MANHOLES
 A. Install precast concrete manholes in accordance with the latest edition of the City of Richmond
 Department of Public Utilities Sanitary Sewer System Design Guidelines and Standard
 Specifications and Details.
 B. Provide rubber joint gasket complying with ASTM C 443 at joints of sections.
 C. Apply bituminous mastic coating at joints of sections.
 3.5 CLEANOUTS

Page 402
						

RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect’s Project No.: 563102 Owner’s Project No.: 0-28779
 SANITARY SEWERAGE 33 3000 – 4
 A. Provide cleanouts as indicated, and as required by authorities having jurisdiction. Set cleanout frame
 and cover in concrete block 12 by 12 by 6 inches deep, except where location is in concrete paving.
 Set top of cleanout 1 inch above surrounding earth grades or flush with grade when installed in
 paving.
 3.6 FIELD QUALITY CONTROL
 A. Cleaning: Clear interior of piping and structures of dirt and other superfluous material as work
 progresses. Maintain swab or drag in piping and pull past each joint as it is completed.
 1. In large, accessible piping, brushes and brooms may be used for cleaning.
 2. Place plugs in ends of uncompleted pipe at end of day or whenever work stops.
 3. Flush piping between manholes, if required by local authority, to remove collected debris.
 B. Interior Inspection: Inspect piping to determine whether line displacement or other damage has
 occurred.
 1. Make inspections after pipe between manholes and manhole locations has been installed and
 approximately 2 feet of backfill is in place, and again at completion of project.
 2. If inspection indicates poor alignment, debris, displaced pipe, infiltration or other defects
 correct such defects, and reinspect.
 C. Test new piping systems and parts of existing systems that have been altered, extended, or
 repaired for leaks and defects.
 1. Do not enclose, cover, or put into service before inspection and approval.
 2. Test completed piping systems according to the requirements of the City of Richmond
 Department of Public Utilities Sanitary Sewer System Design Guidelines and Standard
 Specifications and Details.
 3. Schedule tests, and their inspections by authorities having jurisdiction, with at least 24
 hours' advance notice.
 4. Submit separate reports for each test.
 END OF SECTION 33 3000
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 SECTION 33 4100 - STORM DRAINAGE
 PART 1 - GENERAL
 1.1 RELATED DOCUMENTS:
 A. The provisions of the Contract Documents apply to the work of this Section.
 1.2 SUMMARY:
 A. This Section includes the roof drainage collection system, the storm sewerage system piping and
 appurtenances from a point 5 feet outside the building to the point of disposal, and the outfall
 structures of the stormwater management basin.
 1.3 SUBMITTALS
 A. Product data for:
 1. Concrete pipe
 2. Polyethylene pipe
 3. Ductile iron pipe
 4. Frames and covers.
 5. Grates
 6. Couplings for connection into concrete pipe.
 B. Heavy Highway Contracting License
 1. License must be submitted to City of Richmond
 C. Certification, signed by material producer and contractor, that standard precast and cast in place
 concrete storm drainage manholes and Drop Inlets comply with VDOT standards and specifications.
 D. VDOT approved job mix for bedding stone.
 E. Shop drawings for:
 1. Non-standard precast or cast-in-place concrete storm drainage manholes and Drop Inlets.
 2. Trench drain system.
 3. Cleanouts
 4. Underdrains
 5. Stormwater Management Basin Outlet structures, including: Riser pipe, outfall pipe, riser
 anchoring, anti-seep collars, trash rack and anti-vortex device.
 F. Record drawings of installed storm drainage system.
 1.4 QUALITY ASSURANCE
 A. Environmental Compliance: Comply with applicable portions of local environmental agency
 regulations pertaining to storm sewerage systems.
 B. Utility Compliance: Comply with state and local regulations and standards pertaining to storm
 sewerage systems.
 C. All materials shall be new and free of defects (i.e. pipe shall not have chipped spigots or bells).
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 1.5 PROJECT CONDITIONS
 A. Site Information: Perform site surveys, research public utility records, and verify existing utility
 locations. Verify that storm sewerage system piping may be installed in compliance with original
 design and referenced standards.
 B. Locate existing structures and piping to be closed and abandoned.
 C. Existing Utilities: Do not interrupt existing storm sewer serving facilities occupied by the Owner
 of others except when permitted under the following conditions and then only after arranging to
 provide acceptable temporary storm sewer services.
 1. Notify Architect not less than 48 hours in advance of proposed storm sewer interruptions.
 2. Do not proceed with storm sewer interruptions without receiving Architect’s written
 permission.
 D. Existing utilities across or along the line of work are indicated only in an approximate location.
 Locate all underground lines and structures. Call “Miss Utility” at 1-800-552-7001 prior to
 construction. If utilities are marked that are not shown on the plans, locate utility vertically and
 horizontally and provide information to architect.
 1.6 SEQUENCING AND SCHEDULING
 A. Coordinate with interior building storm drainage piping.
 B. Coordinate with other utility work.
 PART 2 - PRODUCTS
 2.1 GENERAL
 A. All materials used for construction of the storm sewerage system shall comply with the requirements
 of the latest edition of the Virginia Department of Transportation Road and Bridge Standards and
 Road and Bridge Specifications.
 2.2 PIPE AND FITTINGS
 A. Provide pipe and pipe fitting materials compatible with each other. Pipe materials are indicated on
 the drawings.
 B. Reinforced Concrete Pipe (RCP): Shall conform to the requirements of ASTM C76/AASHTO
 M170, Class III, unless otherwise indicated. All RCP shall be gasketed.
 C. O-Ring Gasket Reinforced Concrete Pipe: Shall conform to the requirements of ASTM
 C76/AASHTO M170, Class III, unless otherwise indicated. Joints shall conform to the requirements
 of ASTM C443/AASHTO M198.
 D. Corrugated Polyethylene Pipe (P.E.): Shall have a smooth lined interior and meet the requirements of
 ASTM F405 or AASHTO M252 for 10” diameter and smaller, and ASTM F667 or AASHTO
 M294 for 12” diameter and larger.
 E. PVC Storm Sewer Pipe: Shall conform to the requirements of ASTM D3034, SDR-35 with bell and
 spigot ends for gasketed joints with ASTM F 477 elastometric seals

Page 405
						

RICHMOND POLICE EQUESTRIAN CENTER
 CITY OF RICHMOND, VA
 Architect’s Project No.: 563102 Owner’s Project No.: 0-28779
 STORM DRAINAGE 33 4100 – 3
 a) Connections to the building downspouts shall be made with Schedule 40 PVC, with
 bell and spigot ends for gasketed joints with ASTM F 477 elastometric seals.
 F. Ductile Iron Storm Sewer Pipe: Shall conform to the requirements of AWWA C151, Class 52.
 Flanged joints shall conform to the requirements of AWWA C115.
 2.3 MANHOLES
 A. Precast Concrete Manholes: Comply with the requirements of the latest edition of the Virginia
 Department of Transportation’s Road and Bridge Standards, and Road and Bridge Specifications.
 B. Cast-in-Place Manholes: Comply with the requirements of the latest edition of the Virginia
 Department of Transportation’s Road and Bridge Standards, and Road and Bridge Specifications.
 C. Manhole Steps, Safety Slabs and Inlet Shaping: Comply with the requirements of the latest edition of
 the Virginia Department of Transportation’s Road and Bridge Standards, and Road and Bridge
 Specifications.
 D. Manhole Frames and Covers: Comply with the requirements of the latest edition of the Virginia
 Department of Transportation’s Road and Bridge Standards, and Road and Bridge Specifications.
 2.4 CLEANOUTS
 A. Cast-iron ferrule and countersunk brass cleanout plug, with round cast-iron access frame and
 heavy-duty, secured, scoriated cast-iron cover.
 2.5 DROP INLETS
 A. Precast Concrete Drop Inlets: Comply with the requirements of the latest edition of the Virginia
 Department of Transportation’s Road and Bridge Standards, and Road and Bridge Specifications.
 B. Cast-in-Place Drop Inlets: Comply with the requirements of the latest edition of the Virginia
 Department of Transportation's Road and Bridge Standards, and Road and Bridge Specifications.
 C. Drop Inlet Steps, Safety Slabs and Inlet Shaping: Comply with the requirements of the latest edition
 of the Virginia Department of Transportation’s Road and Bridge Standards, and Road and Bridge
 Specifications.
 D. Drop Inlet Frames and Grates: Comply with the requirements of the latest edition of the Virginia
 Department of Transportation’s Road and Bridge Standards, and Road and Bridge Specifications.
 E. Plastic Drain Basins: ADS or approved equal.
 2.6 CONCRETE AND REINFORCEMENT
 A. Concrete: Conform to the requirements of VDOT Standard Class A3 concrete.
 B. Reinforcement: Steel conforming to the following:
 1. Fabric: ASTM A 185 welded wire fabric, plain.
 2. Reinforcement Bars: ASTM A 615, Grade 60, deformed.
 2.7 UNDERDRAINS
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 A. Underdrains and combination underdrains: Conform to the requirements of the latest edition of the
 VDOT Road and Bridge Specifications and the VDOT Road and Bridge Standards for the type of
 underdrain, unless otherwise indicated.
 1. PVC underdrains shall conform to the requirements of ASTM F758, Type PS 28 or ASTM
 F949.
 2. PE corrugated underdrain pipe shall conform to AASHTO M252.
 B. Provide a filter fabric “sock” wrapping for all underdrain pipe.
 2.8 END WALLS AND END SECTIONS
 A. End walls: Conform to the requirements of the latest edition of the VDOT Road and Bridge
 Specifications and the VDOT Road and Bridge Standards.
 B. End sections: Conform to the requirements of the latest edition of the VDOT Road and Bridge
 Specifications and the VDOT Road and Bridge Standards for the size of pipe indicated.
 PART 3 - EXECUTION
 3.1 GENERAL
 A. Install the storm sewerage system in accordance with the latest edition of the Virginia Department of
 Transportation’s Road and Bridge Standards and Road and Bridge Specifications.
 3.2 PREPARATION OF FOUNDATION FOR BURIED STORM SEWERAGE SYSTEMS
 A. Grade trench bottom to provide a smooth, firm, stable, and rock-free foundation, throughout the
 length of the pipe.
 B. Remove unstable, soft, and unsuitable materials at the surface upon which pipes are to be laid, and
 backfill with clean sand or pea gravel to indicated level.
 C. Install pipe bedding conforming to the requirements of the latest edition of the Virginia Department
 of Transportation’s Road and Bridge Standards and Road and Bridge Specifications.
 3.3 PIPE INSTALLATION
 A. Install piping beginning at low point of systems, true to grades and alignment indicated with
 unbroken continuity of invert. Place bell ends of piping facing upstream. Install gaskets, seals,
 sleeves, and couplings in accordance with manufacturer's recommendations for use of lubricants,
 cements, and other installation requirements. Maintain swab or drag in line and pull past each joint
 as it is completed.
 B. Use proper size increasers, reducers, and couplings, where different size or material of pipes and
 fittings are connected. Reduction of the size of piping in the direction of flow is prohibited.
 C. Extend storm sewerage system piping to connect to building storm drains, of sizes and in locations
 indicated.
 D. Join and install concrete pipe and fittings per VDOT specifications.
 E. Join and install PE pipe and fittings per manufacturer’s recommendations.
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 F. Join different types of pipe with standard manufactured couplings and fittings intended for that
 purpose.
 3.4 MANHOLES
 A. General: Install manholes complete with accessories as indicated. Form continuous concrete or split
 pipe section channel and benches between inlets and outlet. Set tops of frames and covers flush with
 finish grade, unless otherwise indicated.
 B. Place precast concrete manhole sections as indicated, and install in accordance with ASTM C 891.
 C. Construct cast-in-place manholes as indicated.
 D. Apply bituminous mastic coating at joints of sections.
 3.5 CLEANOUTS
 A. Install cleanouts and extension from sewer pipe to cleanout at grade as indicated. Set cleanout frame
 and cover in concrete block 12 by 12 by 6 inches deep or as indicated on the plans, except where
 location is in concrete paving. Set top of cleanout flush with finish grade.
 3.6 DROP INLETS
 A. Construct drop inlets to sizes and shapes indicated.
 B. Set frames and grates to elevations indicated.
 3.7 INLET SHAPING
 A. Construct inlet shaping conforming to VDOT Standard IS-1 at all drop inlets and manholes.
 3.8 FIELD QUALITY CONTROL
 A. Cleaning: Clear interior of piping and structures of dirt and other superfluous material as work
 progresses. Maintain swab or drag in piping and pull past each joint as it is completed.
 1. In large, accessible piping, brushes and brooms may be used for cleaning.
 2. Place plugs in ends of uncompleted pipe at end of day or whenever work stops.
 3. Flush piping between manholes and drop inlets to remove collected debris. Flush pipes
 through an approved erosion and sediment control measure.
 B. Interior Inspection: Inspect piping to determine whether line displacement or other damage has
 occurred.
 1. Make inspections after pipe between manholes and manhole locations has been installed and
 approximately 2 feet of backfill is in place, and again at completion of project.
 2. If inspection indicates poor alignment, debris, displaced pipe, infiltration, or other defects
 correct such defects and reinspect.
 END OF SECTION 33 4100
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