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SECTION 15706
PREINSULATED CHILLED WATER PIPING

SPEC WRITER NOTE: Delete between //‑‑‑// if not applicable to project. Also delete any other item or paragraph not applicable to the section and renumber the paragraphs. Verify that the extent of work covered by this Section is clearly shown on the drawings. For smaller or short systems Sections 15250/15705 may be used in lieu of this Section for underground chilled water piping.

DESIGNER NOTES:

1.
Show on drawings, pipe layout, gradient, sections, bedding and sizes.

2.
Show details of expansion loops, thrust blocks, anchors and detail of connections between metal flanges and plastic piping.

3.
Show details of manholes sections-walls and floors.

4.
Show details of pipe entrance to buildings.

5.
Refer to CD-54 "Natural Disaster Non-Structural Resistive Design" for bracing of pipes in seismic areas.
6.
Coordinate work under this section with following VA Standard Details:

a.
15705-5.dwg; Anchor for Condenser or Chilled Water Piping.
b.
15705-6.dwg; Typical Pipe Trench in Building.
c.
15705-26.dwg; Expansion Loop Detail.
d.
15705-44.dwg through 15705-48.dwg; Pipe Crossing a Seismic Joint details. 

PART 1 ‑ GENERAL 

1.1 DESCRIPTION 

A.
Factory prefabricated (preinsulated) chilled water piping for underground service. Steel or copper piping, Section 15705; HVAC PIPING SYSTEMS, with field applied closed cell cellular glass insulation, Section15250 INSULATION, may be furnished for underground piping in lieu of factory prefabricated (preinsulated) piping.

B.
Factory prefabricated (preinsulated) chilled water piping, with metal carrier pipe and metal jacket, may be provided in utility tunnels, pipe basements and crawl spaces, in lieu of field insulated piping.

1.2 RELATED WORK

A.
Section 01010, GENERAL REQUIREMENTS.

B.
Section 01340, SAMPLES AND SHOP DRAWINGS.

C.
Section 02200, EARTHWORK EXCAVATION AND BACKFILL. 

D.
Section 02710, DISTRIBUTION AND TRANSMISSION SYSTEMS (STEAM). 

E.
Section 03300, CAST‑IN‑PLACE CONCRETE. 

F.
Sections 07112 and 07113, BITUMINOUS MEMBRANE WATERPROOFING (BUILT‑UP AND SHEET). 

G.
Section 13081, SEISMIC RESTRAINT REQUIREMENTS FOR NON-STRUCTURAL COMPONENTS.

H.
Section 15050, BASIC METHODS AND REQUIREMENTS (MECHANICAL). 

I.
Section 15250, INSULATION. 

J.
Section 15705, HVAC PIPING SYSTEMS. 

1.3 QUALITY ASSURANCE 

A.
Refer to Article, QUALITY ASSURANCE, in Section 15050, BASIC METHODS AND REQUIREMENTS. 

B.
Design Working Pressure: 861 kPa (125 psig). 

C.
Submit prior to welding of steel piping a certificate of Welder’s certification. The certificate shall be current and not more than one year old.

D.
Manufacturers Training Service: The Contractor shall obtain the services of an independent trained representative of the pipe system manufacturer to instruct contractor's work force in installation procedures for all preinsulated, prefabricated systems.
E.
On Site Supervision of Underground Piping Installation: 

1.
Provide services of a factory trained representative of the pipe manufacturer for a minimum of three days, to include pre‑installation, installation and testing periods. 

2.
Representative's daily written reports to the Resident Engineer: Present the original of each report on the day it is prepared and forward a copy to the manufacturer's main office. The report shall be signed by the manufacturer's representative. The report shall state whether or not the condition and quality of the materials used and the installation of the system is in accordance with the plans, specifications, and published standards of the manufacturer, and is satisfactory in all respects. If anything connected with the installation is unsatisfactory, the report shall state that corrective action has been taken or shall contain the manufacturer's recommendations for corrective action. The report shall cover any condition that could result in an unsatisfactory installation. The representative shall take prompt action to return to the factory all damaged and defective material, and shall order prompt replacement of such material. 

1.4 SUBMITTALS 


In accordance with Section 01340, SAMPLES AND SHOP DRAWINGS, furnish the following: 

A.
Manufacturer's Literature and Data: 

1.
Pipe supports. 

2.
Valves, gages and other accessory materials. 

3.
Factory preinsulated piping components and installation instructions. 

4.
Pipe fittings, and mechanical couplings if used. 

5.
Anchors and thrust blocking. 

B.
Manufacturer's certificates for underground piping: 

1.
That the field representative for the factory insulated pipe installation is technically qualified and experienced in installation of the manufacturer's system and is qualified to provide the required site reports. 

2.
Upon completion of the work and before final acceptance, the Contractor shall deliver a notarized statement, signed by a principal officer of both the manufacturing firm and the contracting firm, stating that the installation is satisfactory and in accordance with the plans, specifications, and manufacturer's standards. 

C.
Submit prior to welding of steel piping a certificate of Welder’s certification. The certificate shall be current and not more than one year old. 

D.
Calculations for thrust blocking for underground piping. 

1.5 APPLICABLE PUBLICATIONS 


The publications listed below form a part of this specification to the extent referenced. The publications are referenced in the text by the basic designation only. 

A.
American National Standards Institute, Inc. (ANSI): 

B16.1‑00
Cast Iron Pipe Flanges and Flanged Fittings, Class 25, 125 and 250 

B16.3‑00
Malleable‑Iron Threaded Fittings Classes 150 and 300 

B16.5‑03
Pipe Flanges and Flanged Fittings NPS ½ through NPS 24

B16.9‑03
Factory Made Wrought Butt Welding Fittings 

B16.11‑01
Forged Fittings, Socket‑Welding and Threaded 

B16.14‑91
Ferrous Pipe Plugs, Bushings and Locknuts with Pipe Threads

B16.18-01
Cast Copper Alloy Solder joint Pressure fittings 

B16.22‑00
Wrought Copper and Bronze Solder Joint Pressure Fittings 

B16.24‑01
Cast Copper Alloy Pipe Fittings and Flanged Fittings: Class 150, 300, 400, 600, 900, 1500 and 2500 

B31.1‑01
Power Piping 

B.
American Society for Testing and Materials (ASTM): 

A53-02
Pipe, Steel, Black and Hot-Dipped Zinc-Coated, Welded and Seamless

A183‑03
Carbon Steel Track Bolts and Carbon Steel Nuts 

A234/A234M‑04
Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High Temperature Service 

A 615/A 615M-04
Deformed and Plain Carbon Steel Bars for Concrete Reinforcement

A653/A 653M-04
Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy Coated (Galvannealed) By the Hot-Dip Process

B32‑03
Solder Metal 

B88‑99
Seamless Copper Water Tube 

B209‑04
Aluminum and Aluminum‑Alloy Sheet and Plate 

C177‑97 
Standard Test Method for Steady‑State Heat Flux Measurements and Thermal Transmission Properties by Means of the Guarded‑Hot‑Plate Apparatus 

C478-03
Precast Reinforced Concrete Manhole Sections 

C533‑03
Calcium Silicate Block and Pipe Thermal Insulation 

C552‑03
Cellular Glass Thermal Insulation 

D 3350-02 
Polyethylene Plastics Pipe and Fittings Materials

C591-01
Unfaced Preformed Rigid Cellular Polyisocyanurate Thermal Insulation

D1784‑03
Rigid Poly (Vinyl Chloride) (PVC) Compounds and Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds 

D1785‑03
Poly (Vinyl Chloride0 (PVC) Plastic Pipe, Schedules 40, 80 and 120 

D2241‑04
Poly (Vinyl Chloride) (PVC) Pressure Rated Pipe (SDR Series)

D2464‑99
Threaded Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80. 

D3139‑98
Joints for Plastic Pressure Pipes Using Flexible Elastomeric Seals 

F477-02
Elastomeric Seals Gaskets) for Joining Plastic Pipe 

C.
American Water Works Association (AWWA): 

C110/03
Ductile‑Iron and Grey‑Iron Fittings for Water

C203‑00
Coal‑Tar Protective Coatings and Linings for Steel Water Pipe Lines ‑ Enamel and Tape Hot‑Applied 

D.
Copper Development Association, Inc. (CDA): 

CDA A4015-95
Copper Tube Handbook 

E.
National Sanitation Foundation (NSF): 

14‑03
Plastic Piping System Components and Related Materials 

F. Sheet Metal and Air Conditioning Contractors National Association (SMACNA):
HVAC Duct Construction Standards, 2nd Edition ‑ 1997 

PART 2 ‑ PRODUCTS 

2.1 GENERAL 

A.
Pipe supports, including insulation shields, for above ground piping: Section 15050, BASIC METHODS AND REQUIREMENTS. 

B.
Valves, Pipe Fittings, Gages, Strainers and Accessory Materials: Section 15705, HVAC PIPING SYSTEM.
2.2 FACTORY PREFABRICATED (PREINSULATED) PIPING 

A.
Inner Carrier Pipe:

1.
Steel pipe: ASTM A53 black steel. Pipe up through 300 mm (12 inch) diameter shall be standard weight. Wall thickness for pipe larger than 300 mm (12 inch) diameter shall be not less than 10 mm (0.375 inch).  Pipe larger than 50 mm (2 inches) shall be joined by welding. 

2.
Copper tubing: Shall conform to ASTM B88, Type L, joined by solder fittings. 

NOTE FOR REVIEWER: There are no federal, military or ASTM Standards available now for reference to RTRP pipe. They are all cancelled with no substitute standards to follow. This may change in the future.

SPEC WRITER NOTE: Use of PVC pipe is limited to 24 degrees C (75 degrees F).

3.
Polyvinylchloride (PVC) Pipe: PVC pipe shall conform to ASTM D 2241 with a Standard Thermoplastic Pipe Dimension Ratio (SDR) of 26 and PVC 1120 or 1220 as the material. Pipe shall be NSF approved based on NSF 14 and shall be joined by integral bell and spigot joints or fittings, using rubber ring gaskets. 

B.
Outer Casing: Outer casing shall be galvanized sheet metal, polyvinylchloride, Polyethylene or Reinforced Thermosetting Resin Pipe as specified below:

1.
Metal jacket (Above ground only): Spiral wound galvanized (G90) steel sheet, 0.70 mm (24 gage) minimum thickness, conforming to SMACNA HVAC Duct Construction Standards. Provide sheet metal covers for joints and fittings permanently attached by bands and rivets. Seal all lap seams in metal covers and weatherproof with silicone sealant or flexible polyurethane sealant strips. Shape covers to allow for insulation of mechanical coupling joints if used.

2.
Polyvinyl chloride (PVC): Made of clean, virgin, NSF approved (based on Standard No. 14) Class 12454‑B PVC compound conforming to ASTM D1785 and ASTM D1784, Type 1, Grade 1, with thickness as follows:

	Casing Diameter
	Minimum Thickness

	150 mm (6 inches) and smaller
	60 mils

	200 mm (8 inches)
	80 mils

	250 mm (10 inches)
	100 mils

	300 mm (12 inches)
	120 mils

	350 mm (14 inches)
	140 mils

	450 mm (18 inches)
	180 mils

	600 mm (24 inches)
	240 mils


For sizes not shown above, the minimum casing thickness in mils shall be equal to the numerical value of the casing diameter expressed in inches times a factor of 10.

3.
Polyethylene (PE): Shall conform to ASTM D 3350, Type III, Class C, Category 3 or 4, Grade P 34 with thickness as follows: 

	Casing Diameter
mm (inches)
	Minimum Thickness
(in mils)

	200 (8) and smaller
	75 

	225 to 500 (9 to 20)
	150 

	525 to 550 (21 to 22)
	165 

	575 to 600 (23 to 24)
	200 


Sizes larger than those shown above shall be approved in accordance with the Article, SUBMITTALS.

C.
Factory Applied Insulation:

1.
Foam insulation for prefabricated insulated pipe and fittings shall be polyurethane foam having a density not less than 32 kcm (2 pcf). 

a.
Polyurethane foam shall conform to ASTM 591, Type II, formed for conduit, density not less than 32 kg/cubic meter (2 pcf). 

b.
The insulation "k" factor shall not exceed the numerical value of 0.025 W/(m.k) (0.17 Btu-inch/h. square feet degree F) at 24 degrees C (75 degrees F) mean temperature in accordance with ASTM C177. 

2.
Insulation thickness for carrier pipe 75 mm (3 inches) nominal diameter and smaller: Not less than 18 mm (0.70 inch) or the standard manufactured thickness exceeding 18 mm (0.70 inch).

3.
Insulation thickness for carrier pipe larger than 75 mm (3 inches) nominal diameter: 50 mm (2 inches) nominal, but not less than 38 mm (1‑1/2 inches).

4.
The polyurethane foam shall completely fill the annular space between the carrier pipe and the casing. Manufacturer shall certify that the insulated pipe is free of insulation voids and describe quality control procedure followed to meet this requirement.
D.
Field Applied Insulation:

1.
Insulation for valves, fittings, field casing closures, if required, and other piping system accessories shall be cellular glass conforming to ASTM C552, calcium silicate conforming to ASTM C533 or polyurethane matching the pipe insulation. Insulation shall be premolded, precut or job fabricated to fit and shall be removable and reusable. Thickness shall match adjacent piping.

2.
Metal jackets shall be provided for all pipe insulation in manholes. Insulation bands shall be 19 mm (3/4‑inch) wide [0.13 mm (0.005‑inch)] thick // galvanized steel // stainless steel // or [0.02 mm (0.0007‑inch) aluminum]. 

3.
Buried fittings and accessories shall be factory fabricated and may have field foamed polyurethane insulation to match adjacent piping and shall be protected with a covering matching the pipe casing. Shrink sleeves shall be provided over casing connection joints. 

E.
End Seals:

1.
General: Each preinsulated section of piping shall have a complete sealing of the insulation to provide permanent water and vapor seal at each end of the preinsulated section of piping. Preinsulated sections of piping modified in the field shall be provided with an end seal which is equivalent to the end seals furnished with the preinsulated section of piping. Provide complete sealing of the insulation at each end of each preinsulated conduit section by one of the following methods: 

a.
Carrying the outer casing over tapered pipe insulation ends and extending it to the carrier pipe. Provide sufficient surface bonding area between the casing and the carrier pipe to ensure a permanent water and vapor‑resistant seal.

b.
Using specially designed prefabricated caps made of the same material and not less than the same thickness as the casing.  Provide sufficient surface bonding area between the cap, and both the casing and carrier pipe, to ensure permanent water and vapor‑resistant seal.

c.
Using rubber ring gaskets designed and dimensioned to fit in the annular space between the casing and carrier pipe in such a manner as to ensure a permanent water and vapor‑resistant seal. 

d.
Using shrink sleeves that shall be either heat shrinkable high temperature rubber or polyethylene material that can be bound to the carrier pipes and casing to ensure a permanent water and vapor‑resistant seal.

2.
Factory casing and end seal testing and certification: 

a.
Testing and certification procedures by an independent testing laboratory shall demonstrate that casings and end seals are capable of resisting penetration of water into the casing and insulation at 60 kPa (20 feet) of head pressure, measured above the highest point of the test sample, subjected over the entire surface of an 2.5 m (8‑feet) test sample of prefabricated pipe for not less than 48 hours. Test shall use 24 degrees C (75 degree F) water for chilled water service, while the sample is either buried or encased in dry bedding sand with a minimum of 305 mm (12 inches) of sand all around sample. The carrier pipe size in the test section shall be 75 mm (3 inches) in diameter and shall be restrained during the test period. The insulation thickness shall not exceed the maximum thickness provided for the piping in the project. 

b.
Test results for Federal Agency Committee on Underground Heat Distribution System, or similar results may be substituted. 

F.
Couplings: 

1.
Insulated pipe couplings for copper tubing: Insulated pipe couplings for copper tubing shall be cast bronze containing an 0‑ring seal on each end and shall be jacketed and sealed to act as an expansion joint. 

2.
Bell and spigot joints: Rubber ring joining system. Bell and spigot joints may also be of the bonded type where the joint is made up utilizing a suitable adhesive for the service specified.  Adhesive shall be furnished by the pipe manufacturer. 

3.
Mechanical couplings for steel pipe: Mechanical couplings for steel pipe shall be the sleeve type or the type for grooved end pipe and shall provide a tight, flexible joint under all conditions including movements caused by expansion, contraction, slight settling or shifting in the ground, minor variations in trench gradients, and traffic vibrations. Coupling strength shall not be less than the connecting pipe sections. Sleeve‑type couplings shall be used for joining plain end pipe sections. The sleeve couplings shall consist of one steel middle ring, two steel followers, two gaskets, and the necessary steel bolts and nuts to compress the gaskets. Grooved end pipe couplings shall consist of identical coupling sections fastened in place, using track head bolts, ASTM A183, to confine a molded gasket over the pipe and gap. Couplings shall be malleable iron or ductile iron.

G.
Joints: 

1.
Welded joints: Welded joints between sections of pipe and between pipe and fittings shall be provided where specified or indicated.  Branch connections shall be made with either welding tees or forged branch outlet fittings attached to the main and reinforced against external strains. 

2.
Flanged joints: Flanged joints shall be provided with gaskets and made perfectly square and tight. Full‑faced gaskets shall be used with cast‑iron flanges and all gaskets shall be as thin as the finish of the flange face permits. Gaskets shall be 5 mm (3/16‑inch) thick for 25 through 300 mm (1 through 12 inch) flanges and 6 mm (1/4‑inch) thick for flanges 350 mm (14 inches) and larger. 

3.
Threaded joints: Joints shall be made tight with polytetrafluoroethylene tape applied to the male threads only.  Not more than three threads shall show after the joint is made up. 

4.
Brazed and soldered joints: Brazed and soldered joints for copper pipe and fittings shall conform to CDA A 4015.  Silver solder or brazing alloys, ASTM B32, melting above 593 degrees C (1100 degrees F) shall be utilized. 

5.
Mechanical joints: Sleeve and grooved pipe couplings shall be installed and protected against corrosion as recommended by the coupling manufacturer. Joints between nonmetallic and metallic carrier pipe shall be designed and furnished by the piping system manufacturer. The transition pieces shall be factory fabricated and shall be designed so that no field chemical welding of the carrier pipe will be required. Transitional joint connections to manhole steel piping shall be made inside the manhole except for prefabricated, pre-piped manholes where joints shall be outside the manhole wall. 

6.
Insulating joints and dielectric fittings: Shall be installed where shown.

7.
Nonmetallic pipe joints: Nonmetallic pipe joints shall be installed in accordance with the written instructions of the manufacturer. 

2.3 ABOVE GROUND PIPING


(Tunnels, Pipe Basement, Crawl Space) 

A.
Contractors option in lieu of field insulated chilled water piping.  

B.
Factory prefabricated (preinsulated with metal jacket as described in Section 2.2.B.1) sections with field insulated joints and fittings.  When mechanical joint couplings are used, stagger joints in adjacent pipe to minimize spacing between pipes. 

C.
Inner Carrier Pipe: Steel or copper only. 

D.
Outer Casing: Metal jacket as specified in Section 2.2.B.1. 

E.
Joints and Fittings: Screwed, welding, mechanical joint or solder as specified in Section, HVAC PIPING SYSTEMS. 

F.
Field Insulation: Insulate couplings, joints, fittings and other accessories to the same thickness as adjoining pipe in accordance with pipe manufacturer's installation instructions. 

G.
Support Saddles: Provide for piping supported on trapeze or similar bar type support. Fasten the support shield to the pipe with a 19 mm (3/4‑inch) wide galvanized steel band near each end.

SPEC WRITER NOTE: For direct buried piping provide cathodic protection where required by soil conditions.

2.4 DIRECT BURIED UNDERGROUND CHILLED WATER PIPING 

A.
Contractor's option of factory prefabricated sections specified in Section 2.2.A., except that steel or copper carrier pipe shall be used under roads where cover is less than 610 mm (two feet). 

B.
Insulation Requirements: Factory insulate all chilled water supply piping, and all chilled water return piping 300 mm (12 inches) in diameter and smaller. Chilled water return piping, 350 mm (14‑inch) diameter and larger, need not be insulated, except for piping in manholes. Joints and fittings in chilled water piping shall be field insulated. 

C.
Carrier Pipe: 

1.
See Section 2.2.A. for material.

2.
Coating for uninsulated steel piping: Field prime and wrap all uninsulated fittings and joints with polyethylene tape. 

D.
Outer Casing:


Material specified in Section 2.2.B.

E.
Pipe Fittings:

1.
Steel pipe fittings:

a.
All steel welding fittings shall conform to ASTM A234. 

1)
Butt-weld fittings shall conform to ANSI B16.9. 

2)
Socket‑weld fittings shall conform to ANSI B16.11. 

3)
Long radius butt-weld elbows conforming to ANSI B16.9 shall be used unless specifically waived by the Resident Engineer. 

4)
Threaded fittings shall conform to ANSI B16.3, Class 150. 

2.
Copper fittings: Wrought copper or copper alloy solder joint pressure fittings shall conform to ANSI B16.22. Cast copper alloy solder‑joint pressure fittings shall conform to ANSI B16.18.

3.
Pipe fittings for PVC pipe: PVC or cast iron. Make PVC fittings of the same type and grade material as the piping to which they will be connected. PVC fittings shall be furnished by the manufacturer who supplies the pipe with approval based on NSF Standard No. 14. All fittings shall have temperature and pressure ratings not less than the adjoining piping and shall be designed and fabricated with bells for use with rubber ring gaskets. Cast iron fittings shall conform to AWWA C110. Adapter fittings for other piping materials shall be furnished by the manufacturer who supplies the pipe.

4.
Flanges and flanged fittings: All flanges shall be flat faced.

a.
Cast‑iron threaded flanges shall conform to ANSI B16.1, 125 pound.

b.
Welded steel flanges shall conform to ANSI B16.5, Class 150. 

c.
Bronze flanges shall conform to ANSI B16.24, 150 pound.

d.
PVC flanges shall conform to the dimensions of ANSI B16.5, Class 150.

5.
Transitional joints: Carrier pipe joints between nonmetallic and metallic pipe shall be furnished by the piping system manufacturer and shall conform to the manufacturer's specifications. The transition pieces shall be factory prefabricated and be designed so that no field chemical welding of the carrier pipe will be required. Make carrier pipe joints between steel and copper with solder-threaded adapters and dielectric unions. Transitional joint connections to steel piping in manholes shall be made outside of the exterior wall surfaces of the manhole.

6.
Gaskets:

Elastomeric seals shall conform to ASTM F477.

2.5 Thrust blocking

A.
Thrust Blocking: Provide in all systems using the rubber ring method of joining the carrier pipe sections.

1.
Thrust Blocks shall be installed at the locations shown on the drawings or recommended by the pipe system manufacturer. Thrust blocks may not be required on all systems, and the need for thrust blocks shall be as recommended by the system manufacturer. Thrust blocks, if necessary, shall be installed at all changes in direction, changes in size, valves and terminal ends, such as plugs, caps and tees. Thrust blocks shall be concrete having a compressive strength of not less than 13780 kPa (2000 psi) after 28 days and shall be in accordance with Section 03300, CAST‑IN‑PLACE CONCRETE. Thrust blocks shall be placed between solid ground and the fitting to be anchored. Unless otherwise indicated or directed, the base and the thrust bearing sides of the thrust blocks shall be poured directly against undisturbed earth. The sides of the thrust blocks not subject to thrust may be poured against forms. Thrust blocks shall be placed so that the joints for all fittings will be accessible for repair wherever possible. No pipe joint shall be embedded in concrete. The thrust blocks shall provide for transfer of thrusts and reactions without exceeding the allowable stress of the concrete and shall be installed in accordance with pipe manufacturer's instructions. In muck or peat, all thrusts shall be resisted by piles or tie rods to solid foundations or by removal of peat or muck shall be replaced with ballast of sufficient stability to resist thrusts. 

2.
The area of backing required for reaction backing of both supply and return piping shall be calculated in accordance with Tables 1 and 2. The safe soil bearing load shall be determined for each site. Calculations covering these determinations shall be submitted to the Contracting Officer for approval prior to placing any reaction backing on the job. 


Table 1: Thrust (Two Pipes), 1550 kPa (225 psig), and Class 1033 kPa (150 psig):

	Pipe Size
	Tees
	90 Degree
Bends
	45 Degree
Bends
	22-1/2 Degree
Bends

	75 mm (3‑inch)
	5,670
	8,050
	4,360
	2,180

	100 mm (4‑inch)
	6,820
	11,750
	6,390
	3,240

	150 mm (6‑inch)
	7,050
	24,200
	13,200
	6,620

	200 mm (8‑inch)
	29,500
	41,800
	22,600
	11,480

	250 mm (10‑inch)
	48,250
	68,500
	37,000
	18,750

	300 mm (12‑inch)
	68,750
	97,500
	52,750
	26,700

	350 mm (14‑inch)
	93,400
	132,000
	71,700
	36,000

	400 mm (16‑inch)
	115,000
	171,000
	92,600
	46,950

	450 mm (18‑inch)
	153,000
	217,500
	119,000
	60,400 

	500 mm (20‑inch)
	192,000
	270,000
	146,500
	74,200 



Table 2: Safe Soil Bearing Loads:

	Soil
	kPa
	(psf)

	*Muck, peat
	0 
	0

	Soft clay
	47.9
	1,000 

	Sand
	95.8
	2,000

	Sand and gravel
	143.7
	3,000 

	Sand and gravel in clay matrix
	191.6
	4,000 

	Hard shale
	479.0
	10,000 



*In muck or peat, all thrusts shall be resisted by piles or tie rods to solid foundations or by removal of peat or muck which will be replaced with ballast of sufficient stability to resist thrusts. 

SPEC WRITER NOTE: Show and identify the types of manholes on drawings. If traffic rated, specify so. Also, show how the manholes are drained.

2.6 MANHOLES

A.
General: Manholes shall be // field constructed // cast-in-place concrete // precast // or a standard prefabricated product of the piping distribution system manufacturer // Concrete manhole dimensions shall be as approved. Sufficient room for maintenance shall be provided. Manholes shall be provided with 760 mm (30‑inch) standard cast‑iron frames and covers, minimum, or 910 mm by 910 mm (36‑ by 36‑inch) watertight, hinged steel covers not less than 13 mm (1/2‑inch) thick. Manholes shall be drained as shown. Concrete manholes shall be waterproofed in accordance with Section 07112, BITUMINOUS MEMBRANE WATERPROOFING (BUILT-UP). 

B.
Cast‑In‑Place Concrete Manholes: The manholes shall be constructed of reinforced concrete as indicated and in accordance with Section 03300, CAST‑IN‑PLACE CONCRETE. Concrete sections shall not be less than 153 mm (6 inches) thick. The top shall be a cast concrete slab of the same strength and thickness as the manhole. Manhole sides shall be constructed by one monolithic pour and shall extend not less than 153 mm (6 inches) above grade unless otherwise indicated. Waterproofing for concrete manholes shall consist of waterproof membranes placed below the concrete bottom slab and continued up the sides to the top of the sidewalls. 

C.
Precast Concrete Manholes: Precast reinforced concrete manholes shall conform to ASTM C478. Wall penetration sleeves shall be properly located at time of manufacture and shall be as detailed. Mortar joints between precast risers and top slab shall be filled with cement mortar for the full thickness of the precast riser, and shall be finished smooth on both interior and exterior surface. In lieu of mortared joints, flexible watertight rubber‑type gaskets may be utilized. 

D.
Prefabricated Manholes: Prefabricated manholes shall be of welded steel or other material of air‑testable construction. The Contractor shall submit manufacturer's data containing a complete description of the manhole and coating for steel manholes in accordance with paragraph, SUBMITTALS. Material thicknesses for manhole shells and accessories shall be in accordance with the manufacturer's published data and in no case less than 4.2 mm (8 gage) for zinc‑coated corrugated steel, 6.4 mm (1/4 inch) for black smooth‑wall steel. The coating shall be applied to all surfaces inside and outside manhole. Exterior coating thickness shall be 60 mils. Exterior coating shall be coal tar primer and coal tar enamel in accordance with AWWA C203 or the manufacturer's equivalent coating supported by documentation. Interior shall be protected with phenolic paint, per the manufacturer's recommendation.
E.
Ladders: Manhole ladders shall be fabricated of galvanized steel, shall have non-slip surfaces, and shall consist of uprights with steps or rungs or full, U‑shaped steel rungs firmly embedded in walls. Uprights shall be firmly anchored to the manhole walls. 

F.
Piping and Equipment in Manholes: Piping and equipment in manholes shall be easily accessible without stepping on piping or equipment. Piping in manholes shall rest on suitable sidewall or floor supports equipped with cast‑iron rollers except where pipes are anchored in manholes. Piping supported from the floor shall be mounted on minimum 153 mm (6‑inch) thick concrete bases. All piping in manholes or other areas subject to access shall be steel, insulated and provided with a vapor barrier. Insulation shall be protected with metal jackets. 
G.
Metal Jackets for Piping and Accessories in Manholes: 

1.
Galvanized steel sheet: Corrugated or smooth steel sheet, 0.70 mm (0.0262 inch). 

2.
Aluminum sheet: Corrugated, embossed or smooth sheet, 0.41 mm (0.016‑inch) nominal thickness shall conform to ASTM B209, temper H14 or H16, alloys 3003, 3105 or 5005. The inside of aluminum sheet shall have a vapor barrier coating. Vapor barrier coating shall be fire and weather resistant. Color shall be white.

SPEC WRITE NOTE: Show type, style and weight of manhole frames and covers on drawings.

H.
Manhole Frames and Covers: Cast‑iron frames and covers shall be of the type, style, and weight as shown on drawing. .

I.
Sleeves: Provide sleeves wherever the distribution system passes through concrete or masonry walls, concrete floors, or roofs. Sleeves shall not be installed in structural members, except where indicated or approved. Sleeves shall be steel or cast iron with integral flanges where pipes pass through waterproofing membranes. For insulated systems the insulation and casing shall be continuous through the sleeve. Clearance between sleeves and the passing ring or outer casing shall be approximately 6 mm (1/4‑inch) all around. Flashing materials and design shall be in accordance with the manufacturer's standards and shall be submitted to the Resident Engineer for approval prior to installation. // Contractor has an option to use "Link-Seal" system in lieu of pipe sleeves for pipes passing through concrete or masonry walls. // 

2.7 EXPANSION LOOPS

A.
Factory fabricated of casing, insulation, and carrier piping identical to that furnished for straight runs. Loops shall be properly designed in accordance with the allowable stress limits indicated in ANSI B31.1 for the type of pipe used. Ship loops to the job site in the maximum size sections feasible in order to minimize the number of field joints.  The loop casing shall be suitably sized and all special guides and supports designed so that pipe movement will be contained without crushing the insulation or causing other damage. 

B.
Field joints shall be made in straight runs of the loops and the number shall be kept to a minimum. Piping shall be cold sprung one‑half the calculated maximum operational expansion during field assembly. L‑ and Z‑bends shall conform to the requirements for expansion loops specified above.

2.8 ANCHORS 


Anchor design shall be in accordance with the published data of the manufacturer and for prefabricated systems shall be factory fabricated by the system manufacturer. In all cases, the design shall be such that water penetration, condensation, or vapor transmission will not wet the insulation. 

SPEC WRITER NOTE: Show vent and drain lines from the valves on drawings.

2.9 VACUUM AND AIR RELIEF VALVES


Vacuum and air relief valves shall be iron body with bronze trim, and stainless steel floats. 

2.10 Valve box 

Shall be Cast iron extension box with screw or slide-type adjustment and flared base. Minimum thickness of metal shall be 5 mm (3/16 inch). Box shall be adapted, without full extension, to depth of cover required over pipe at valve location. Cast the word "CHILLED WATER" in cover. Provide [ ] "T" handle socket wrenches 16 mm (3/8 inch) round stock long enough to extend 600 mm (2 feet) above top of deepest valve box. 
2.11 reinforcing steel


Reinforcing steel shall be deformed bars, ASTM 615, Grade 40, unless otherwise noted. 

2.12 BURIED UTILITY WARNING TAPE


Tape shall be 0.1 mm (0.004 inch) thick, 150 mm (6 inches) wide, yellow polyethylene with a ferrous metallic core, acid and alkali-resistant and shall have a minimum strength of 12,000 kPa (1750 psig) lengthwise and 10,300 kPa (1500 psig) crosswise with an elongation factor of 350 percent. Provide bold black letters on the tape identifying the type of system. Tape color and lettering shall be unaffected by moisture and other substances contained in the backfill material. 
PART 3 ‑ EXECUTION 

3.1 INSTALLATION 

A.
Handling and Storage: Handle and store conduits, pipes, and all accessories to ensure complete installation in a sound undamaged condition. Unloading, tacking, moving, and storing of materials shall be in strict accordance with the manufacturer's requirements. Take special care to ensure that materials which have exceeded their specified shelf life are not used in the installation of the system.  Before installation all materials shall be inspected for defects. Materials found to be defective before or after installation shall be repaired or replaced with sound material, with no additional expense to the Government. 

B.
Installation of Piping Systems: 
1.
Piping system furnished shall be installed in accordance with the piping system manufacturer's instructions. Piping shall be installed without springing or forcing other than what has been calculated for thermal expansion and contraction. Pipe ends shall have burrs removed by reaming and shall be installed to permit free expansion and contraction without damage to joints or hangers.  Nonmetallic pipe cut in the field shall be machined to fit couplings or joints and shall be coated or treated to match standard factory coated ends. Copper tubing shall not be installed in the same trench with ferrous piping materials.  When nonferrous metallic pipe (e.g., copper tubing) crosses any ferrous piping material, a minimum vertical separation of 300 mm (12 inches) shall be maintained between pipes. Connections between different types of pipe and accessories shall be made with transition fittings approved by the manufacturer of the piping system. 

2.
Pitching of horizontal piping: Horizontal piping shall be pitched at a grade not less than 25 mm (1 inch) in 12 m (40 feet) toward the drain points unless otherwise indicated. 

3.
Install vacuum and air relief valves, as required, for filling and draining of the system. 

C.
Valve Boxes:

1.
Set cover flush with finished grade.

2.
Protect boxes located in roadway against movement by a concrete slab at least 900 mm (3 foot) square by 150 mm (6 inches) deep.

3.
Set other valve boxes with a concrete slab 450 mm (18 inches) by 450 mm (18 inches) by 150 mm (6 inches) deep and set flush with grade.

4.
All exposed portions of valve boxes shall be painted "Traffic Yellow."

D.
Pipe Sleeves:

1.
Pipe shall be continuous through sleeves. Set in place before concrete is poured.

2.
Seal between sleeve and core opening with modular mechanical type link seal.

3.
Provide where water lines pass through retaining walls and foundation walls. 

E.
Cutting of Prefabricated Conduit Sections: Prefabricated conduit sections shall be cut in strict accordance with the manufacturer's recommendations and standards.  The cut section shall be treated as required to result in the cut section being identical in every respect to a standard conduit section produced at the factory. 

F.
Field Casing Closures: Field insulation and encasement of joints shall be accomplished after the visual and pressure tests specified are completed. Field insulation and encasement shall be in accordance with the manufacturer's written instructions. Thickness dimensions of the insulation and casing materials shall not be less than those of the adjoining prefabricated section. Insulating material may be foamed in place polyurethane or premolded polyurethane foam sections. Care should be taken to ensure that field closures are made under conditions of temperature and cleanliness required to produce a sound continuous vapor barrier. A standard polyethylene heat shrink sleeve shall be installed over the casing and shall have a 150 mm (6‑inch minimum) overlap at each end. 

G.
Insulation and Encasement of Pipe Accessories: Flanges, couplings, unions, valves, fittings, and other pipe accessories, unless otherwise shown or approved, shall be insulated with removable factory premolded, prefabricated or field fabricated insulation. For accessories buried underground, the casing material and thickness shall be identical to that of the adjoining casing material and thickness shall be identical to that of the adjoining casing except that for polyethylene casing larger than 300 mm (12‑inch) size, the casing material over fittings shall be reinforced thermosetting resin (RTRP). For accessories in manholes, the casing material shall be steel or aluminum sheet applied over the insulation. Where accessories are designated not to be insulated, the adjoining insulation and jacket shall terminate neatly and in a manner to provide a complete vapor seal. 

H.
Trenching and Backfilling: Trench bottoms for underground prefabricated conduit systems shall be smooth and free of sharp objects, stones, and debris that could puncture the casing.  Where this is a problem, the trench should be over excavated and stabilized by using sand, fine dirt, or similar material. Partial backfilling is required immediately after installation of the pipe. Selected backfill shall be tamped in not more than 150 mm (6 inch) layers under and around the conduit to a height of not less than 150 mm (6‑inch) above the top of the casing.  During this process, joints shall be left exposed for visual inspection during field tests. 

I.
Open Ends: Open ends of pipe lines and equipment shall be properly capped or plugged during installation to keep dirt and other foreign matter out of the system.

J.
Vapor Barrier: Install materials to provide and preserve the integrity of the vapor barrier. 

K.
Prefabricated Manhole Tests: Each prefabricated manhole shall be air‑tested and steel manholes spark‑tested after installation and before backfill to prove water tightness and corrosion resistance. 

1.
Air pressure test: Air pressure test procedure shall be at a pressure of 34 kPa (5 psig). Manhole shall hold pressure for 2 hours. All seams and penetrations shall be coated with a soap solution to aid in detecting leaks. All leaks shall be repaired and proved tight. Protective coating shall be touched up at all repair points. 

2.
Holiday detector test: After visual examination and before installation, a holiday detector test shall be performed on the coated portion of steel manholes.  The tests shall be accomplished with a silicone rubber electric wire brush or a coil probe testing set connected to an operating bell, buzzer or other audible signal which will sound when a holiday is detected at 5000 crest voltage, plus or minus 5 percent.  The tester shall be of a type which cannot be adjusted in the field. Calibration by the manufacturer of the tester shall be required at 6‑month intervals, or sooner, whenever crest voltage is questionable. The manufacturer of the tester shall certify in writing the date of calibration and crest voltage setting. The battery shall be maintained at a charge ample to produce the crest voltage during all tests. Voids detected shall be repaired by using material identical to that of the original coating. The repaired sections shall be retested to prove that there is no holiday present. 

3.2 CLEANING AND TESTING

A.
Cleaning of Piping: Prior to the hydrostatic and operating tests, clean the interior of the chilled water distribution system of all foreign materials by thorough flushing. Refer to Section 15705, HVAC PIPING SYSTEMS, Articles, Flushing and Cleaning Piping Systems, and Water Treatment. 

B.
First Hydrostatic Test:

1.
All distribution piping shall be tested hydrostatically, before backfilling, with the joints of the water carrier pipe exposed.  Installation of thrust blocks prior or after hydrostatic testing shall be as recommended by the pipe manufacturer's installation instructions.

2.
Each test cycle shall consist of a 10 minute period at 1034 kPa (150 psig) followed by a 5 minute period at a pressure less than 345 kPa (50 psig). The next cycle shall begin immediately following the completion of the previous cycle. Pressure rise and drop shall not exceed 690 kPa (100 psig) per minute. The pressure gage shall be located and the pressure measured at the opposite end of the system from where the pressure is applied. After completion of the hydrostatic pressure cycling the first hydrostatic pressure test may be performed.

C.
Final Hydrostatic Test: After successful completion of the first hydrostatic test, the system shall be pressurized to 1‑1/2 times the working pressure up to 1034 kPa (150 psig). This pressure shall be held for a minimum of 4 hours. The method of pressurizing the piping system is to disconnect it from the system prior to the start of the 4‑hour pressure holding period. If the pressure cannot be held for the specified length of time, the cause of the pressure loss shall be determined, corrected, and all the tests be repeated. 

D.
Repair joints, replace damaged or porous pipe and fittings and repeat the test without additional cost to the Government until the system can be demonstrated to have no leakage.
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