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PIPES

1.1 Polyethylene Pipes (PE Pipes)

1.1.1 General Terms and Conditions

1.1.1.1 Scope

This specification covers requirements for polyethylene piping system (pipe and fittings) for the supply of water under pressure at 20°C both above ground and in buried pipe applications.

1.1.1.2 Engineered and Approved Plans

Construction shall be performed in accordance with engineered construction plans for the work prepared under the direction of a Professional Engineer.

1.1.1.3 Referenced Standards

In addition to the Lebanese standard specifications for Polyethylene pipes LS300 and LS301, the most recent ISO standards or European Norms (EN) apply.

1.1.1.4 Inspections

All work shall be inspected by the Engineer who shall have the authority to halt construction if, in his opinion, these specifications or standard construction practices are not being followed.  Whenever any portion of these specifications is violated, the Engineer shall, by written notice, order further construction to cease until all deficiencies are corrected.  A copy of the order shall be filed with the Contractor’s license application for future review.  If the deficiencies are not corrected, performance shall be required of the Contractor’s surety.

1.1.1.5 Warranty and Acceptances

The Contractor shall warrant all work to be free from defects in workmanship and material for a period of [one year] from the date of completion of all construction.  If Work meets these specifications, a letter of acceptance, subject to the [one year] warranty period, shall be given at the time of Completion.  A final acceptance letter shall be given upon final inspection at the end of the [one year] warranty period, provided the work still complies with these specifications.   In the event deficiencies are discovered during the warranty period, they shall be corrected by the Contractor without additional charge to the owner before final acceptance.  During the warranty period, the Project Engineer shall determine if warranty repairs or replacement work shall be performed by the Contractor.  The decision of the Project Engineer shall be binding upon the Contractor.

1.1.2 Polyethylene Pipes / Fittings

1.1.2.1 Qualification of Manufacturers

The Manufacturer shall have manufacturing and quality control facilities capable of producing and assuring the quality of the pipe and fittings required by these specifications. The manufacturer’s production facilities shall be open for inspection by the Engineer. Qualified Manufacturers shall be approved by the Engineer.

1.1.2.2 Approved Manufacturers

Manufacturers must be pre-qualified and pre-approved by the Engineer.  Products from unapproved manufacturers are prohibited.

1.1.2.3 Raw Materials

The polyethylene compounds used in the manufacture of products furnished under this specification shall be made from compounded pellets obtained by the addition of the correct type and amount of carbon black and necessary antioxidants and other additives to protect the pipe during extrusion and assure the life expectancy of the pipe.  Pipe produced by the addition of black masterbatch to polyethylene is strictly forbidden.  The compound material shall comply with the requirements as specified in EN 12201-Part 1.

Typical material properties

Typical material properties as described by the Raw Material Supplier brochure shall be submitted to the project engineer for analysis and verification of compliance.  These properties are not to be misconstrued as specification minimum.

Pipe Grade Material

All Raw Material used shall be approved and certified Pipe Grade Material for the transportation of potable water. 

1.1.2.4 Polyethylene Pipe 

Polyethylene pipe shall be manufactured from approved Raw materials in accordance with EN12201-Part1. Pipes with OD up to 63mm must be produced from PE 80 (MDPE) material. Pipes with OD 75mm and up must be produced from either PE 80 (MDPE) or PE 100 (HDPE) material. PE 80 (HDPE) material is not accepted. Pipes with OD equal or greater than 75mm shall be rated PN16.

Physical Appearance

Pipe surface shall be smooth, free from scoring, pinholes, and other surface defects.  Pipe ends must be cut clean and perpendicular to the axis of the pipe.  End caps at pipe extremities are required in order to prevent unwanted matter entering the pipe during storage.

Geometrical Characteristics 

They define characteristics such as Wall Thickness, OD etc. for PE 80 and PE 100:

Mean outside diameter and out of roundness together with their tolerances are EN 12201-Part 2.

Wall thickness for a specific Nominal Pressure rating depends on the class of Raw Material (PE 80 or PE 100) used in producing the pipe.

Pipe Coil – Pipes with OD up to 110mm (inclusive) can be provided coiled and pipes with OD greater than 110mm shall be supplied in straight lengths.

Mechanical Characteristic 

Produced pipes shall pass the internal pressure test (acceptance test) using test method per EN 921.

PE class

Reqts

Stress

Temp.

PE 100

>100hrs

12.4MPa
20°C

PE 80

>100hrs

10.0MPa
20°C

1.1.2.5 Marking of pipe

All pipes shall bear permanent identification markings that will remain legible during normal handling, storage, installation, and service life and that have been applied in a manner that will not reduce the strength nor otherwise damage the products.  The marking shall not initiate any defects in the surface and will not provide leakage channels when elastomeric gasket compression fittings are used to make joints.  Both hot tape marking and Ink Jet printing are acceptable.

Marking on pipe shall include the following and shall be applied at intervals of not more than 1.5 meters:

a) Normal size (i.e. 32mm)

b) Standard PE designation (i.e. PE 80)

c) The Standard Dimension Ratio (i.e. SDR 9 or SDR 11)

d) Marking the product with the applicable standards designation (EN 12201)

e) Nominal diameter and wall thickness

f) Date of manufacture

g) Manufacture’s name or trademark and production record code.

1.1.2.6 Service Identification Stripes

PE Pipes shall be permanently color-coded. For Irrigation and drainage, pipes are to be colored black.

1.1.2.7 Pipe Fittings

There are three acceptable methods of joining polyethylene pipe with each other and with other pieces such as valves, flanges, etc.

Compression Fittings

This type uses mechanical anchoring that holds the pipe in place (clamp ring usually made of Acetalic resin or C-PVC) and a sealing gasket (EPDM or Rubber/food approved) to create a tight grip and prevent water from leaking.  Pipes must be pushed inside the fitting without the necessity to disassemble the fittings.  The following pipe OD to PN must apply :

Pipes with OD equal or greater than 75mm with pressure rating PN16.

All fittings must pass the testing requirements of ISO 3458/3459/3501/3503.  At the time of submission, manufacturers must hold valid certificates of conformity to at least 2 of the following official marks of quality:

· DVGW
……
Germany

· WRc
……
United Kingdom

· SVGW
……
Switzerland

· KIWA
……
The Netherlands

All fittings supplied and installed must be easily marked with date of manufacturing for reference purpose.

Electrofusion Fittings 

This type incorporates electrical heating coil that fuses pipe and fitting by sending an electrical current that heats up the polyethylene material of pipe and fitting at a specific voltage for a specified temperature and duration of time after which pipe and fitting fuse together and become integrated on the molecular level.  Manufacturer recommendations for the electrofusion operation must be strictly followed.  Electrofusion machines used in the electrofusion process must be supplied by the same manufacturer of fittings.  It strictly forbidden to fuse one manufacturer fitting with another manufacturer machine.

Electrofusion can be used for all polyethylene pipes irrespective of size and pressure rating as long as pipe and fitting are manufactured from polyethylene resin of the same class and series.  It is possible to use fittings with higher pressure rating than pipe, but the opposite is strictly forbidden.

Manufacturers of electorfusion fittings must show evidence of approvals from at least 2 internationally reputed institutes such as:

· DVGW
……
Germany

· SVGW
……
Switzerland

Or equivalent. 

Socket Fusion Fittings 

This type will not be discussed in this bulletin.

Butt Fusion Polyethylene Fittings

This type is fabricated by the pipe manufacturer.  But fusion outlets shall be made to the same outside diameter, wall thickness, and tolerances as the mating pipe.  All fittings and custom fabrications shall be fully rated for the same internal pressure as the mating pipe.

Fabricated Fittings

Fabricated fittings shall be made by heat fusion joining specially machined shapes cut from pipe, polyethylene sheet stock, or molded fittings.  Fabricated fittings shall be rated for internal pressure service equivalent to the full service pressure rating of the mating pipe.  Directional fittings such as elbows, tees, crosses, etc., shall have a plain end inlet for butt fusion and flanged directional outlets.  Part drawings shall be submitted for the approval of the Project Engineer.

1.1.2.8 Manufacturer’s Quality Control

The pipe manufacturer shall have an established quality control program responsible for inspecting incoming and outgoing materials.  Incoming PE materials shall be inspected for density, melt flow rate, and contamination.  The cell classification properties of the material shall be certified by the supplier, and verified by Manufacturer’s Quality Control.  Incoming materials shall be approved by Quality Control before processing into finished goods.  Outgoing materials shall be checked for:

· Outside diameter and wall thickness as per EN 12201-Part 2 at a frequency of at last once/hour or once/coil, whichever is less frequent.

· Out of Roundness at a frequency of at least once/hour or once/coil whichever is less frequent.

· Quality Control shall verify production checks and test for:

· Melt Index as per ISO 1133 at a frequency of at least once per extrusion lot.

· Hydrostatic Strength testing (up to Ø 110mm) as per EN 921 at a frequency of  at least once per day per line.

· All fabricated fittings shall be inspected for joint quality and alignment.

Permanent Records

The Manufacturer shall maintain permanent QC and QA records.

1.1.2.9 Compliance Tests

Manufacturer’s inspection and testing of the materials.  In case of conflict with Manufacturer’s certification, the Contractor, Project Engineer, or Owner may request retesting by the Manufacturer or have retests performed by an outside testing service.  All retesting shall be at the Contractor’s expense, and shall be performed in accordance with the Specifications.

1.1.3 Joining

1.1.3.1 Heat Fusion Joining

For pipes with diameters larger than 75mm, joints between end of the pipes and fittings may be made by butt fusion, and joints between the main and saddle branch fittings shall be made using saddle fusion using only procedures that are recommended by the pipe fitting Manufacturer.  The Contractor shall ensure that persons making heat fusion joints have received training according to the Manufacture’s recommended procedure.  The Contractor shall maintain records of trained personnel, and shall certify that training was received not more than 12 months before commencing construction.

Heat Fusion Training Services

Upon request, the Manufacturer shall provide training in the Manufacturer’s recommended butt fusion and saddle fusion procedures to the Contractor’s installation personnel, and to inspectors representing the Owner.

1.1.3.2 Mechanical Joining

Polyethylene pipe and fittings may be joined together or to other materials by means of flanged connections (flange adapters and back-up rings) or mechanical couplings designed for joining polyethylene pipe for joining polyethylene pipe to another material.  Mechanical couplings shall be fully pressure rated and fully thrust restained such that when installed in accordance with manufacturer’s recommendations, a longitudinal load applied to the mechanical coupling will cause the pipe to yield before the mechanical coupling disjoins.  External joint restraints shall not be used in lieu of fully restrained mechanical couplings.

1.1.3.3 Branch Connection

Branch connections to the main shall be made with saddle fittings or tees.  Polyethylene saddle fittings shall be saddle fused to the main pipe per 3.1.

1.1.4 Installation and Handling

Excavation for installation, installation and handling of polyethylene pipes shall be in conformity with Section 12.4.

1.1.4.1 Butt Fusion Testing

On Every day butt fusions are to be made, the first fusion of the day shall be a trial fusion.  The trial fusion shall be allowed to cool completely, then fusion test strips shall be cut out.  The test strip shall be 25mm wide lengthwise through the butt fusion so that 200mm remains on each side of the joint.  Bend the test strip until the ends of the strip touch. If the fusion fails at the joint, a new trial fusion shall be made, cooled completely and tested.  Butt fusion of pipe to be installed shall not commence until a trial fusion has passed the bent strip test.

1.1.5 Measurement and Payment

Measurement

Polyethylene pipes of the various diameters specified in the Bill of Quantities shall be measured by the running meter of pipe furnished and installed as detailed in Section 15 for each trench type. Measurement will be along the axis of the pipe. The limit of measurement shall be the length indicated in the Drawings or as established by the Engineer.

Payment

The total length measured for the various diameters of pipe as provided will be paid at the Bid unit price per running meter of the respective diameters of polyethylene pipes for the relevant items in the Bill of Quantities which price and payment shall constitute full compensation for furnishing all materials, labour, tools, equipment, joints, supplies and all incidentals necessary to complete the work described and detailed in Section 15 for each trench type.

1.2 Unplasticized Polyvinyl Chloride Pipes (uPVC Pipes) 

1.2.1 General Terms and Conditions

1.2.1.1 Scope

This specification covers requirements for unplasticized polyvinyl chloride pipes and fittings with electrometric sealing ring joints for outside diameters up to 315mm (inclusive) with cemented-type joints intended for the supply of water under pressure at 200C both above ground and in buried pipe applications.
1.2.1.2 Engineered and Approved Plans

Construction shall be performed in accordance with engineered construction plans for the work prepared under the direction of a Professional Engineer.

1.2.1.3 Referenced Standards

In addition to Lebanese standard specifications for unplasticized Polyvinyl Chloride Pipes LS 200 and LS 201 the most recent ISO standards or European Norms (EN) apply.

1.2.1.4 Inspections

All work shall be inspected by the Engineer who shall have the authority to halt construction if, in his opinion, these specifications or standard construction practices are not being followed.  Whenever any portion of these specifications is violated, the Engineer shall, by written notice, order further construction to cease until all deficiencies are corrected.  A copy of the order shall be filed with the Contractor’s license application for future review.  If the deficiencies are not corrected, performance shall be required of the Contractor’s surety.

1.2.1.5 Warranty and Acceptances

The Contractor shall warrant all work to be free from defects in workmanship and material for a period of [one year] from the date of completion of all construction.  If Work meets these specifications, a letter of acceptance, subject to the [one year] warranty period, shall be given at the time of Completion.  A final acceptance letter shall be given upon final inspection at the end of the[one year] warranty period, provided the work still complies with these specifications.   In the event deficiencies are discovered  during the warranty period, they shall be corrected by the Contractor without additional charge to the owner before final acceptance.  During the warranty period, the Project Engineer shall determine if warranty repairs or replacement work shall be performed by the Contractor.  The decision of the Engineer shall be binding upon the Contractor.

1.2.1.6 Unplasticized Polyvinyl Chloride Pipes / Fittings

1.2.1.7 Qualification of Manufacturers

The Manufacturer shall have manufacturing and quality control facilities capable of producing  and assuring the quality of the pipe and fittings required by these specifications.  The manufacturer’s production facilities shall be open for inspection by the Engineer. Qualified Manufacturers shall be approved by the Engineer.

1.2.1.8 Approved Manufacturers

Manufacturers must be pre-qualified and pre-approved by the Engineer.  Products from unapproved manufacturers are prohibited.

1.2.1.9 Raw Materials

The material from which the pipes, and fittings are made shall be an unplasticized polyvinyl chloride compound. This compound shall consist of uPVC resin, to which are added those additives that are needed to facilitate the manufacture of pipes and fittings. None of these additives shall be used separately or together in quantities sufficient to constitute  a toxic, organoleptic or microbiological hazard or to impair the fabrication or solvent cementing properties of the product or to impair the chemical and physical or mechanical properties (in particular long-term mechanical strength and impact strength) as specified in ISO 4422.,

Typical material properties

Typical material properties as described by the Raw Material Supplier brochure shall be submitted to the project engineer for analysis and verification of compliance.  These properties are not to be misconstrued as specification minimum.

Pipe Grade Material

All Raw Material used shall be approved and certified Pipe Grade Material for the transportation of potable water. 

1.2.1.10 Unplasticized Polyvinyl Chloride Pipe 

Unplasticized Polyvinyl Chloride pipe shall be manufactured from approved Raw materials in accordance with EN12201-Part 1.

All pipes to have pressure rating PN 16
Physical Appearance

When viewed without magnification, the internal and external surfaces of the pipe shall be smooth, clean and free from scoring, cavities and other surfaces defects which would prevent conformity with this part of ISO 4422. The material shall not contain visible impurities. The ends of the pipe shall be cut cleanly and square to the axis of the pipe.

Geometrical Characteristics 

In addition to the definitions given in ISO 472 and ISO 1043-1 the definitions and abbreviations of LS200 apply.

Measurement

The dimension of pipes shall be measured in accordance with ISO 3126.

Mechanical Characteristic

The pipes shall have passed the test on resistance to hydrostatic pressure in accordance with ISO 1167 and integral sealing ring sockets formed on pipes shall not have failed.

Pipes shall have passed the test on resistance to external blows in accordance with ISO 3127

1.2.1.11 Marking of pipe

All pipes shall bear permanent identification markings that will remain legible during normal handling, storage, installation, and service life and that have been applied in a manner that will not reduce the strength nor otherwise damage the products.  

Marking on pipe shall include the following and shall be applied at intervals of not more than 1.0 meters:

a) Manufacture’s name or trademark ;

b) The pipe material, i.e. uPVC

c) Nominal outside diameter dn and nominal wall thickness en
d) The number ISO 4422

e) The nominal pressure PN

1.2.1.12 Pipe Fittings

There are two acceptable methods of joining unplasticized polyvinyl chloride pipe with each other and with other pieces such as valves, flanges, etc.

Integral Sockets for Solvent Cement Jointing

This type of jointing is used for joining unplasticized polyvinyl chloride pipes with each other and with other pieces made of the same materials, such as Tee-pieces, bends etc. Pipe-fitting tolerances for solvent cement jointing shall be conform to ISO 727 for fittings and to ISO 161 for pipes. 

Integral Sockets with Rubber Sealing Rings

This type of jointing is used for joining unplasticized polyvinyl chloride pipes with each other and with other pieces specially made to be used with this type of joint. Rubber sealing rings. 

All pipes to have pressure rating of PN16.                                       

Manufacturer’s Quality Control

The pipe manufacturer shall have an established quality control program responsible for inspecting incoming and outgoing materials.  Incoming raw materials for uPVC materials shall be inspected for density, melt flow rate, and contamination.  The properties of the material shall be certified by the supplier, and verified by Manufacturer’s Quality Control.  Incoming materials shall be approved by Quality Control before processing into finished goods.  Outgoing materials shall be checked for:

· Outside diameter and wall thickness as per ISO 161, Part 1 at a frequency of at last once/hour

· Out of Roundness as per grade N of ISO 11922-1 for nominal outside diamters up to including 250 and to grade M of ISO 11922-1 for nominal outside diameters greater than 250, at a frequency of at least once/hour.

· Quality Control shall verify production checks and test for:

· Hydrostatic Strength testing  as per ISO 1167 at a frequency of  at least once per day per line.

· All fabricated fittings shall be inspected for joint quality and alignment.

Permanent Records

The Manufacturer shall maintain permanent QC and QA records.

1.2.1.13 Compliance Tests

Manufacturer’s inspection and testing of the materials.  In case of conflict with Manufacturer’s certification, the Contractor, Project Engineer, or Owner may request retesting by the Manufacturer or have retests performed by an outside testing service.  All retesting shall be at the Contractor’s expense, and shall be performed in accordance with the Specifications.

1.2.2 Joining

1.2.2.1 Solvent Cement Joining

Joints between end of the pipes may be made by Solvent Cement Joining, where one end of pipe has the appropriate socket for solvent cement joining..  The Contractor shall ensure that persons making solvent cement joints have received training according to the Manufacture’s recommended procedure.  The Contractor shall maintain records of trained personnel, and shall certify that training was received not more than 12 months before commencing construction.

1.2.2.2 Mechanical Joining

Unplasticized Polynvinyl Chloride Pipes and fittings may be joined together or to other materials by means of elastomeric sealing rings, where one end of the pipe or the fitting has the appropriate  Integral Sealing Ring Socket.  Mechanical couplings shall be fully pressure rated and fully thrust restained such that when installed in accordance with manufacturer’s recommendations, a longitudinal load applied to the mechanical coupling will cause the pipe to yield before the mechanical coupling disjoins.  External joint restraints shall not be used in lieu of fully restrained mechanical couplings.

1.2.2.3 Branch Connection

Branch connections to the main shall be made with tees.  

1.2.3 Installation and Handling

Excavation for installation, installation and handling of unplasticized polyvinyl chloride pipes shall be in conformity with Section 12.4. Measurement and Payment

1.2.4 Measurement and Payment

Measurement

Unplasticized polyvinyl chloride pipes of the various diameters specified in the Bill of Quantities shall be measured by the running meter of pipe furnished and installed as detailed in Section 15 for each trench type. Measurement will be along the axis of the pipe. The limit of measurement shall be the length indicated in the Drawings or as established by the Engineer.

Payment

The total length measured for the various diameters of pipe as provided will be paid at the Bid unit price per running meter of the respective diameters of uPVC pipes for the relevant items in the Bill of Quantities which price and payment shall constitute full compensation for furnishing all materials, labour, tools, equipment, joints, supplies and all incidentals necessary to complete the work described and detailed in Section 15 for each trench type.

1.3 Concrete Pipes 

1.3.1 General

The work under this section shall consist of furnishing reinforced concrete pipes, installation, jointing and construction of siphons and such other structures as sown in the Drawings and at such other places designated by the Engineer all in accordance with the Drawings and Specifications.

All pipes shall be of sufficient strength to bear the loading of a 10 ton truck load with a minimum overfill of 35 cm.

The pipes shall meet the requirements of BS5911.

Concrete for pipes shall be Grade 25C. The maximum size of aggregate shall be 10 mm .

1.3.2 Testing and Rejection

The Engineer reserves the right to inspect and test the pipes after delivery to the Contractor's stockyard or after delivery to the work-site which ever is preferred by the Engineer. The testing of the pipes shall be done by the Contractor and witnessed by the Engineer's Representative according to the usual methods adopted.

Concrete pipes shall be subject to rejection on account of failure to meet any of the specification requirements.

Pipe sections also may be rejected if found to contain cracks, damaged ends and other defects due to faulty manufacture, handling or transporting or any other cause.

1.3.3 Placing of Concrete Pipes

Excavation for installation, installation and handling of concrete pipes shall be in conformity with Section 12.6.

1.3.4 Measurement and Payment

Measurement

Concrete pipes of the various diameters specified in the Bill of Quantities shall be measured by the running meter of pipe furnished and installed as detailed in Section 15 for each trench type. Measurement will be along the axis of the pipe. If there are more than one row of pipes in a structure each row will be measured separately. The limit of measurement shall be the length indicated in the Drawings or as established by the Engineer.

Payment

The total length measured for the various diameters of pipe as provided will be paid at the Bid unit price per running meter of the respective diameters of concrete pipes for the relevant items in the Bill of Quantities which price and payment shall constitute full compensation for furnishing all materials, labour, tools, equipment, collars, supplies and all incidentals necessary to complete the work described and detailed in Section 15 for each trench type.

1.4 Ductile Iron Pipes

1.4.1 General

Ductile iron pipes and fittings for water shall comply with BS4772 or European standard EN545.

Pipes and fittings shall have spigot and socket joints unless otherwise specified or shown on the Drawings.

Spigot and socket flexible joints shall be of the push-fit type with gaskets of ethylene propylene rubber (EPDM).

The contractor shall supply sufficient pipes suitable for cutting on site to meet his requirements during pipeline construction.

1.4.2 Flexible Joints 

Spigot and socket flexible joints shall provide the following minimum angular deflections without leakage at the works test pressure specified.

Not exceeding DN 300 : 5(
Exceeding DN 300 : 4( 

Joint deflection at installation shall not exceed 50% of the manufacturers maximum allowable.

1.4.3 Self Anchored Flexible Joints

Self-anchored flexible joints for pipe diameters up to and including DN300 shall be standard push-fit type joints but with modified gaskets incorporating stainless steel toothed inserts. The joints shall be suitable for a working pressure of 16 bar for pipes with O.D.<=110 mm.and 10 bar for pipes with O.D.>110mm. with allowable deflection of 3 degrees.

Self-anchored flexible joints for pipe diameters exceeding DN 300 shall incorporate a weld on flange and tie bolts or similar self-restrained joint system. The joints shall be suitable for a working pressure of 16 bar for pipes with O.D.<=110 mm. and 10 bar for pipes with O.D.>110mm. with allowable deflection of 4 degrees.

1.4.4 External Coating

Pipes and fittings shall be given an external coating of zinc in accordance with BS4772 and finishing coat of either cold applied bitumen complying with the performance requirements of BS3416 Type II material, or hot applied bitumen to BS4147 Type I Grade C.

1.4.5 Internal Lining 

Pipes and fittings for water shall be lined internally with cement mortar and shall comply with BS4772. The thickness of the lining shall be as stated in the following table

	Pipe

Size

DN
	Thickness of Lining

	
	Nominal

(mm)
	Minimum Arithmetical Mean Value 

(mm)
	Individual Minimum Value        

(mm)
	Maximum

(mm)

	80
	5
	3.5
	2.5
	10

	100-600
	5
	4.5
	3.5
	10

	700-1200
	6
	5.5
	4.5
	10


The inside of the sockets shall be coated with bitumen as used for the finishing coating to the pipes.

1.4.6 External Sleeving

Ductile iron pipes and fittings shall be supplied throughout complete with polyethylene sleeving to BS6076 and plastic adhesive tape in accordance with the pipe manufacturers recommendations or with waterproof wrapping tape which shall be provided where shown in the  contract, or as instructed by the Engineer.

1.4.7 Measurement and Payment

Measurement

Ductile iron  pipes of the various diameters specified in the Bill of Quantities shall be measured by the running meter of pipe furnished and installed as detailed in Section 15 for each trench type. Measurement will be along the axis of the pipe. If there are more than one row of pipes in a structure each row will be measured separately. The limit of measurement shall be the length indicated in the Drawings or as established by the Engineer.

Payment

The total length measured for the various diameters of pipe as provided will be paid at the Bid unit price per running meter of the respective diameters of ductile iron pipes for the relevant items in the Bill of Quantities which price and payment shall constitute full compensation for furnishing all materials, labour, tools, equipment, joints, supplies and all incidentals necessary to complete the work described and detailed in Section 15 for each trench type.
1.5 Installation and handling for pipes

1.5.1 General

The Manufacturer shall package products for shipment in a manner suitable for safe transport by commercial carrier.   When delivered, a receiving inspection shall be performed, and any shipping damage shall be reported to the Manufacturer within 7 days.  Installation shall be in accordance with Manufacturer’s recommendations, and this specification.  All necessary precautions shall be taken to ensure a safe working environment in accordance with applicable codes and standards.

1.5.2 Excavation

Trench excavation shall conform to this Specification, the plans and drawings, as otherwise in writing by the Project Engineer or his Approved Representative, and in accordance with all applicable codes.  Excess groundwater shall be removed by the contractor.  Where necessary, trench walls shall be shored or reinforced. 

1.5.3 Mechanical Joint & Flange Installation

Mechanical joints and flange connections shall be installed in accordance with the Manufacturer’s recommended procedure.  Flange faces shall be centred and aligned to each other before assembling and tightening bolts.  In no case shall the flange bolts be used to draw the flanges into alignment Bolt threads shall be lubricated, and flat washers shall be fitted under the flange nuts.  Bolts shall be evenly tightened according to the tightening pattern and torque step recommendations of the Manufacturer at least 1 hour after initial assemble, flange connections shall be re-tightened following the tightening pattern and torque step recommendations of the Manufacturer.  The final tightening torque shall be 135Nm or less as recommended by the Manufacturer.

1.5.4 Foundation & Bedding

The bottom of the trench shall be finished accurately to level and grade where no invert levels are shown or indicated, the bottom of the trench shall be graded so that the pipe invert slopes evenly between the adjacent invert levels.  The bottom of the trench shall be prepared to provide a firm and uniform bearing throughout the entire length of the pipe. Soft, spongy or other materials which would not provide a suitable foundation for the pipes shall be removed to the depth as required by the Engineer but not less than 150 mm below the level intended or shown in the drawings for PE and uPVC Pipes and not less than 200 mm for concrete pipes and shall be replaced with approved selected materials and thoroughly compacted in layers. Excess groundwater shall be removed from the trench before laying the foundation or bedding and the pipe. Should the bottom of the trench be inadvertently excavated below the specified level, it shall be brought back at the Contractor's expense to the correct level with approved granular material carefully rammed into place. 

1.5.5 Pipe Handling

When lifting with slings, only wide fabric choker slings shall be sued to lift, move, or lower pipe and fittings.  Wire rope or chains shall not be used.  Slings shall be of sufficient capacity for the load, and shall be inspected before use. Worn or defective equipment shall not be used.

1.5.6 Backfilling

Pipe embedment backfill shall be placed and compacted to at least 90% Standard Proctor Density in 150mm lifts to at least 150mm above the pipe crown.

1.5.7 Final Backfilling

Final backfill shall be placed and compacted to finished grade.  Native soils without debris, stones, boulders, clumps, frozen clods or the like larger than 200mm in their largest dimension may be used.

1.5.8 Installation Notes

Consulting the Manufacturer during installation phases is recommended to obtain detailed information on the methods and techniques used for proper execution.

PE and uPVC Pipes

The PE and uPVC pipes shall be laid carefully, properly jointed, and true to the lines and grades as shown in the Drawings.
Concrete Pipes

The concrete pipes shall be laid carefully, ends fully and closely jointed, and true to the lines and grades as shown in the Drawings. Pipes should be lifted by slings passing around the outside of the barrel at the approximate point of balance. All joints unless otherwise specified shall be filled with stiff mortar composed of 1 part Portland cement and 2 parts of sand.

Cement, sand and water shall conform to the requirements for these materials given in Section 5.

The mortar shall be placed to form a durable, watertight joint. Any pipe which is not in true alignment or which shows any undue settlement after being laid, or is damaged, shall be removed and re-laid or replaced without extra compensation.

After the pipes have been installed and the mortar joints and any reinforced concrete collars sufficiently set, selected materials from excavation or borrow shall be placed alongside the pipe in layers not exceeding 15 cm in thickness and compacted thoroughly to a compacted degree of not less than 95%. The backfilling of pipes shall be done simultaneously at both sides and shall be conform the provisions of Section 4.

1.5.9 System Pressure Testing

Where necessary, pressure testing shall be conducted in accordance with DS 455.

In basic principle the following rules apply:

In order to prevent the pipeline from moving back during the testing, the line should be backfilled prior to testing, leaving joints exposed.

All air must be expelled from the system, by filling the system with water.

For the purpose of leak test subject the system to a water  test pressure of 1.5 times the highest operating pressure, during one hour.

Hydraulic testing may only be carried out after joints have been allowed to dry for at least 15 hours, in case of use of solvent cement joints.  When pipes PN16 are used with solvent cement joints, the joints must be allowed to dry for at least 24 hours.

Test pressure gauges of quality 1.0 shall be used having a measuring range of 0 – 16 and 
0 -  25 bars respectively.  It is recommended to utilise additionally a recording pressure gauge having an adequate measuring range.
1.6 Valves
1.6.1 General

Valves shall be rated for a pressure of not less than 16 bars except where otherwise specified. Valve bodies shall withstand a test pressure 50% greater than the rated pressure.

Valve bodies shall give the following information:

Manufacturer’s name

Rated Pressure

Size of Valve

Direction of Flow “Arrow”

The operating gear of valves shall be such that one man can open and close the valve. 

All valves shall be provided with access to enable renewal of seatings and gland packings without removal of the valve bodies from the pipeline.

1.6.2 Gate Valves
Valves for normal duty on pipelines with pressure ratings up to PN16 shall be key operated cast iron flanged gate valves for waterworks purposes generally complying with the requirements of BS 5163.

For nominal diameter <=110mm, brass gate valves shall be used.

Cast iron gate valves for pressure ratings up to PN1O shall be cast iron flanged valves complying with BS 5150.

Unless otherwise specified valves for use on steel pipes shall he flanged, where butt​-weld ends are specified valves shall comply with BS 5157, or BS 5160.
Spindles shall be of the non-rising type and screwed so as to close the valves when rotated in the clockwise direction. The direction of closing shall be clearly cast on the valve cap or handwheel as appropriate.

The valves shall be constructed of the following materials:

Body
-
cast iron to BS 1452 Gr14
spindle
-
forged bronze or stainless steel
metal faces and seal
-
gunmetal.

The valves shall be suitable for the unbalanced head as specified or indicated in the schedules.

Suitable gearing and anti-friction devices such as ball bearing thrust collars shall be provided as necessary to enable opening and closing by manual operation at the pressure stated, using an effort no greater than 26 kg on the tee key or handwheel supplied. Handwheel shall not exceed 500mm diameter. 

Casting surfaces are to be given an initial coat of protective paint immediately after shot blasting and a second coat on assembly. Protective coating is to be hot applied coal tar or bitumen conforming to the requirements of BS 4164 or BS 3416 respectively.

Minimum thickness of coating to be 200 microns.

All valves shall be open end tested in accordance with BS 5163, and pressure and materials test certificates shall be submitted to the Engineer for approval.

1.6.3 Combined Air Release Valves
Air Valves shall efficiently exhaust or ventilate the pipework during filling and emptying and also release entrapped air while in service. It shall be approved manufacture. The body of the valve shall be of cast iron to BS 1452 Gr.14. 

Air valves shall be Double Orifice Valves (DAV), consisting of a large orifice and a small orifice. These shall permit the bulk discharge of air from the main during filling and air inflow when emptying in addition to the discharge of small quantities of air during normal operating conditions.

Air valves shall be supplied with an independent isolating butterfly valve (DAV) or cock (SAV) which permits the complete removal of the air valve from the main, without affecting the flow of water in the main.

Each air valve assembly shall be suitable for connection to a flange on the pipeline.

At the connection between the air valve and its isolating valve a BSP tapping shall be made suitable for fitting of a pressure gauge. All tapings shall be sealed by a brass plug and copper compression ring gasket.

Air valves shall operate automatically and be constructed so that the operating mechanism will not jam in either the open or closed positions.

Air valves are to be factory tested to 1-1/2 times working pressure and factory coated with coal tar or bituminous coating to BS 4164 or BS 3416 respectively. Thickness of coat to be 200 microns.
1.6.4 Pressure Reducing Valves

Pressure reducing valves shall automatically reduce a higher inlet pressure to a steady lower downstream pressure regardless of changing flow rate or varying inlet pressure.

Pressure regulating valves shall comply with BS 5152 and shall be of the diaphragm operated single seat globe valve type. It shall be spring loaded and hydraulically operated.

 All necessary repairs shall be possible without removing the valve from the line.

The head loss in the valve in the fully open state shall not be in excess of 2.5m. 

6mm diameter tapings shall be provided near the upstream flanges with blind screws for on line checking of valve performance.

The valve shall be manufactured of Cast Iron complying with the appropriate British Standards. Flanged shall be to BS 4504 PN.16. The valves shall have an accuracy of within +5%.

The internal coating should be of epoxy to a thickness of 120 microns and external coating of epoxy and nickel plating to a thickness of 120 microns.
1.6.5 Flow Limiting Valves
Constant flow control valves shall maintain a constant rate of flow regardless of fluctuations in upstream pressures.

Valves shall be hydraulically operated, diaphragm actuated of globe pattern. They shall have a resilient synthetic rubber disc, which forms a drop tight seal against a removable seat insert. The diaphragm assembly and valve stem shall be fully guided at both ends by bearings in the valve cover and valve seat. The diaphragm shall consist of nylon fabric bonded with synthetic rubber. Packing glands and stuffing boxes are not permitted and there shall be no pistons operating the valves or pilot controls.

The valve shall be manufactured of Cast Iron complying with the appropriate British Standards.

The pilot control shall be direct acting diaphragm valve designed to close when the actuating differential increases beyond the spring setting. The actuating differential pressure shall be produced by a thin edged orifice plate installed in an orifice flange downstream of the valve.

Any necessary repairs to the valve shall be accomplished without removing the valve from the main.

Valves shall be sized to pass the maximum continuous flow stated on the drawings at the working pressure given. The pressure rating of the valve shall be cast into the body of the valve.

1.6.6 Water / Flow Meters
Flow meters shall be volumetric, jet or in-line helical vane to Standards 1S04064/BS 5728 EEC Specification. Meters shall be designed for minimum maintenance and shall incorporate best quality rotor bearings to ensure long working life.

Meter bodies shall be cast in spheroidal graphite iron to BS 2789. All internal parts shall be manufactured from non-corrodable materials.

Meters are for the measurement of water flow with a normal working temperature up to 300C and a maximum working pressure of 16 bar. 

Measurement mechanisms shall be removable from the meter body without the necessity to remove the meter from the main. Meters shall be equipped with a register indicating flow in metric units using a sweep hand and six figure counter. Dummy cover plates to seal the meter after mechanism removal shall be provided.

1.6.7 Non-Return Valves

Non-return valves shall comply to BS 5153, swing pattern, for horizontal use and shall be rated for a pressure of 16 bars for diameters< 110mm and 10 bars for diameters >110mm.

Non-return valves shall be ductile iron form basic materials listed in BS 5153.

Seating or facing rings are to be renewable. An arrow showing direction of flow is to be visible and cast integral with the valve housing.

End connections shall be either flanged to BS 4504 or screw ended to BS 21 to suit joints specified for adjoining pipes.

Casting surfaces are to be given an initial coat of protective paint immediately after shot blasting and a second coat on assembly. Protective coating is to be hot applied coal or bitumen to BS 4164 or BS 3416 respectively. Minimum thickness of coating is to be 200 microns.

1.6.8 Irrigation Hydrants
The contractor shall furnish Install and test the irrigation hydrants with flange and dismantling Joints according to standards as referenced number NFE 29026 and DIN7005, PN16.
The irrigation hydrant consists of the body of the hydrant and one or more distribution outlets fitted to it.

It features at least a "shut-off" function and a "metering" function. It may also integrate the "flow-rate limitation" and "pressure regulation" functions.
A hydrant is characterised by the inlet diameter of the body, the diameter of each outlet linked to a Maximum Operating Flowrate.

Hydrant inlet vs hydrant outlet DN:

	DN inlet /DN outlet
	DN65
	DN100
	DN150

	DN65
	1 outlet DN65
	NA
	NA

	DN80
	1 to 4 outlets DN65
	
	

	DN100
	
	1 to 2 outlets DN100
	1 outlet DN150

	DN150
	
	
	


NA : not applicable

Maximum operating flowrates of outlets vs corresponding DN:

	Nominal Diameter
	Maximum Operating Flowrates

	DN 65
	40 m3/h

	DN100
	80 m3/h

	DN150
	200 m3/h


1.6.8.1 Body hydrant specification:

The body of the hydrant is composed of:

· a base ;

· one or more closure devices to provide the shut-off function ;

· a hydrant head (or outlet base) fitted with one or more outlet openings.

Materials and resistance

Materials used in the hydrant body including the closing system could be of various types :

· nodular graphite cast iron (FGS);

· malleable cast iron;

· lamellar graphite cast iron, Type FGL 200 minimum;

· steel and steel alloys ;

· copper alloys ;

· all other materials with an equivalent mechanical resistance (see 8.1) may be used.

Cast iron parts should be protected against the effects of corrosion by an epoxy powder coating.

The whole hydrant body should be able to withstand a permanent pressure of 20 bars, duly proved by an individual testing at 32 bars for at least one minute in the production process.

Base

The base is made up of a casing which comprises a connecting flange PN 16 according ISO 7005-1, situated on its lower part.

The diameter of the flanges is given in the table below, according to the nominal flow-rate of the hydrant body :

	Nominal flow-rate of the hydrant body (sum of the flow-rates of the 
outlets operating simultaneously)

m3/h
	Nominal diameter of 
connecting flange

DN

	30
	65

	45
	80

	80
	100

	120
	150


The base shall enable an air release valve to be fitted.

Closure device

This device is designed to operate with the hydrant fully open. Under no circumstances should it be used as a regulating device.

The hydrant may be equipped with a lubrification device for the screw-nut system.

The obturator shall be rigidly connected to the device for manoeuvring the closure valve in order to control phenomena liable to generate pressure rams.

The obturator should open backflow so that it allows maintenance on the top of the hydrant without closing and draining the whole collective network under pressure. 

Closure valve obturator and sitting should be made of copper alloy as to ensure durable tightness.

The closing system should be of manual type by means of a handwheel. The closing direction of the wheel shall be FSH type, the total number of revolutions shall be less than 35.
Hydrant head

The hydrant head comprises one or more distribution openings designed to accommodate outlets ; these openings are identified.

Automatic drainage

The hydrant shall be designed to enable an automatic drainage device to be fitted.Materials :

1.6.9 Distribution outlets

Dimensional specifications

The diameter of the nozzle of the distribution outlets shall be selected in compliance with table below according to the Maximum flow-rate capacity of the outlet :

	Nominal outlet nozzle diameter

 DN
	Maximum Flow-rate capacity

m3/h

	65
	40

	100
	80

	150
	200


Pressure regulator specification

The pressure regulator reduces the variable upstream pressure in the body of the hydrant in order to maintain the pressure downstream of the outlet within the regulation range.

The range of setpoint downstream pressures should be within 2 and 10 bars.

The pressure regulator should be of spring cartridge type. A piston closing on a seat is compensating the variations of downstream pressure. The seat should be of copper alloy type as to avoid effects of pitting corrosion.

The regulated downstream pressure shall remain within the following regulation range :

setpoint downstream pressure SYMBOL 163 \f "Symbol" regulated downstream pressure SYMBOL 163 \f "Symbol" 1,1 x setpoint downstream pressure + 0,5 bar ;

when the upstream pressure and the flow-rate vary within the following operating ranges :

setpoint downstream pressure + 2 bar SYMBOL 163 \f "Symbol" upstream pressure SYMBOL 163 \f "Symbol" 20 bar ;

minimum pressure regulator flow-rate SYMBOL 163 \f "Symbol" flow-rate SYMBOL 163 \f "Symbol" permanent outlet flow-rate (see above table).

The minimum operating pressure regulator flow-rate shall be lower or equal to the value given in table below :

	Nominal outlet diameter

DN
	Minimum pressure regulator flow-rate

m3/h

	65
	4

	80
	6

	100
	8

	150
	15


Flow-rate limiter specification

The flow-rate limiter is designed to prevent the contractually specified flow-rate being exceeded.

It should be fitted in the outlet as an interchangeable element.

The flow-rate limiter type shall be of rubber deforming ring type and should withstand a differential pressure of at least 10 bars.

Its hydraulic operating characteristics are described in the table below :

	Nominal outlet diameter

DN
	Nominal outlet flow‑rate 
	Nominal flow-rate of the flow-rate limiter a
	Tolerances for exceeding flow-rate limits

	
	m3/h
	m3/h
	

	65
	30
	5-7 and 10
	0 to + 20 %

	65
	30
	10 SYMBOL 163 \f "Symbol" QNL < 30
	0 to + 20 %

	80
	45
	10 SYMBOL 163 \f "Symbol" QNL < 45
	0 to + 20 %

	100
	60
	15 SYMBOL 163 \f "Symbol" QNL < 60
	0 to + 20 %

	150
	120
	50 SYMBOL 163 \f "Symbol" QNL < 120
	0 to + 20 %

	200
	160
	80 SYMBOL 163 \f "Symbol" QNL < 160
	0 to + 20 %

	a
The nominal flow-rates of the flow-rate limiter are spread at intervals of 5 m3/h from 10 m3/h to 
50 m3/h, and at 10 m3/h intervals.


Connection of the hydrant outlet to the user network

The connection piece shall be fitted with a standard end connection that could be :

· flanged execution complying with ISO 7005-1,

· threaded execution according ISO 228-1,

· quick release coupling (ie : Guillemin type) obturated by a connection plug.
1.6.10 Meter Specification

Design specification

The meter should be designed in such a way as it is possible to exchange it as a whole without re-calibration for maintenance purposes.

The meter indicator should be designed in accordance with ISO 4064-1. Cubic meters read should be direct.

Measuring elements should not  show any gearing in the metered water for optimized resistance to particles in the water. The part of the device indicating the number of cubic metres consumed shall not be in contact with the water measured.

The meter must allow the free flow of particles as big as 15% of the Nominal Diameter of the outlet without damaging the measuring element. 

Register should be 360° orientable with a full stop. 

Register should be pre-equiped for future remote reading such as Radio Frequency remote index read, or to allow the outlet of pulses for integration into a flow-rate management chain.

Register should be protected against the effect of tampering by a padlockable metallic cover.

There must be no moving parts in the main flow.

The meter should be fitted on the outlet in a way that dismantling and modifications of characteristics are made either impossible or detectable (ie : seals, ...).

Metrological characteristics

The maximum permissible error across the measurement range  is ± 5 %.

Measurement error shall be less than the maximum permissible error when the continuous or intermittent flow‑rate is among the measuring range.

Measurement error is calculated using the following formula :

SYMBOL 206 \f "Symbol" =
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where

 
is the measurement error (in percentage),

Vr 
is the volume recorded by the meter,

Vd 
is the actual volume flowing through the meter.

The measuring range is defined from Minimum Operating Flow-rate (Qmin) to Maximum Operating Flow-rate (Qmax). Qmax/Qmin ratio should be of at least 20.
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