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1.0
GENERAL

1.1
Ambient Conditions

All items of materials and equipment shall be in every respect suitable for storage, installation, use and operation in the conditions of temperature and humidity appertaining in Sri Lanka.

The annual average temperature is 350C while the relative humidity varies generally from 70% during the day to 90% at night. The pH of water to be conveyed ranges from 5.5 – 9.0
The climate of Sri Lanka is at times, hot and the sunlight is intense. The  temperature of wastewater to be conveyed in the pipeline will be below 400C.
1.2
Suitability 
Pipes and pipeline components, including their protective coatings and joint materials, that will or may come into contact with wastewater/sewage which may be of acidic nature and associated with the evolution of hydrogen sulfide.  Therefore pipes shall not cause sulfuric acid corrosion and shall be high resistance to acids in sewage.
1.3
Definitions

The definitions given in the relevant standards which are referred to in the specification shall apply for the terms used in this specification.

1.4
Materials

All pipes & fittings shall comply to the Clause 2.4 of the Technical Specification hereof. 

1.5
Inspection and Testing

The Contractor shall supply, furnish and prepare the necessary test pieces and samples of all materials and supply the labour facilities and appliances for such testing as may be required to be carried out on his premises according to this specification. If there are no facilities at his own works for making the prescribed tests the Contractor shall bear the cost of carrying out the tests elsewhere.

The Engineer or his representative or nominated inspection authority shall have full access to all parts of the plant that are concerned with the testing, furnishing or preparation of materials for the performance and testing of work under this Specification.

The Contractor shall furnish the Engineer or his representative or nominal inspection authority with reasonable facilities and space (without charge) for the inspection, testing and obtaining of such information, as he desires regarding the character of material in use and the progress and manner of the work.

The manufacturer shall provide results of tests conducted, in accordance with the BS EN or ISO standards given in the Specification.

1.6
Marking of Pipes and Fittings 

All markings described below shall be legible and indelible unless otherwise specified.


All pipes and fittings shall be marked as specified in clause 5.3 of BSEN 14364:2013 and as specified in Table 1 hereof. The manufacturer’s name,  Identification mark and the PN rating shall be marked legibly and indelibly on the pipes together with the information shown below.


Markings should be in such a way that it does not initiate cracks or other types of failures and that normal storage, weathering, handling, installation and use shall not affect the legibility of the markings. 

During the manufacturing process, the pipe should be marked with pertinent product information along the pipe.


Specifications require at least the following information to be included. Colours of markings shall be visible at a glance.
The following marking shall be on the outside of each pipe: 
a. The number of the International Standard; 

b. The nominal size (DN) and the diameter series, e.g. A, B1, B2; 

c. The stiffness rating in accordance with Clause 4 of BSEN 14364:2013
d. The pressure rating in accordance with Clause 4 of BSEN 14364:2013 

e. The manufacturer's name or identification; 

f. The date or code of manufacture 
g. The code-letter “R” to indicate that the pipe is suitable for use with axial loading, if applicable.
h. Letter “H” to indicate suitability for use above ground, if applicable

i. Standard quality mark, if applicable
1.7
  Protection during Delivery

The Contractor shall provide methodology of protection of pipes and fittings, to the approval of the Engineer and obtain written approval prior to the pipes and fittings leaving the place of manufacture and shall maintain such protection until the items reach their destination in order to guard effectively against damage during handling, transit and storage and ingress of foreign matter inside the pipes & fittings.

The Supplier shall provide necessary details to the shipping line on precautions to be taken during loading/unloading, handling & transport of the pipes & fittings and other components, in the sea.  Supplier shall provide to the purchaser a set of recommendations of manufacturer for handling, loading, unloading, transporting and storing.
1.8
Storing, Handling and Hauling of Pipes, Fittings and Specials

All materials shall be stored in an approved location and in such a manner as to preserve their quality and condition as recommended by the manufacturer.

All materials should be carefully inspected at the time of delivery and any defective material set aside before accepting the delivery into stores.  Any such defects should be notified to the supplier immediately.

Materials and components shall be handled in such a manner as to avoid any damage or contamination and in accordance with all applicable manufacturers recommendations.

1.8.1
Transport and Delivery

For transporting loads, vehicles should be provided with a clean flat bed, which may cause damage. Special care shall be taken to prevent slippage or excessive bowing of the pipes and extra protection given at all sharp edges.

Care should be taken to avoid positioning pipes and fittings near or adjacent to exhaust systems or other heat sources and to avoid possible contamination from materials such as lubricating or hydraulic oils, gaseous, solvent and other aggressive chemicals.

Metal chains or slings should not be brought into direct contact with the material.  Webbed slings of polypropylene or nylon are recommended.  Straight pipes shall be fully supported on the flat bed. 

Following the quality control inspection and testing, caps or plugs are to be provided to protect the jointing surfaces during transportation and storage. The finished and protected pipes are then carefully packed into manageable units prepared for shipments. Smaller pipes diameters may be nested in larger pipe diameter pipes in transport. 

These pipes need special packaging and may require special procedure for unloading, handling, storing and transporting. Special measures shall be taken by the pipe supplier prior to shipment. Special care shall be taken during package removal and de-nesting of the inside pipes is best accomplished at the de-nesting station. 

1.8.2 Off Loading

1.8.2.1 Pipes and Fittings
When lifting by crane, non metallic wide band slings should be used.
Chains or end hooks should not be used.  Care should be taken to avoid damage to pipes and pipe ends during lifting. When handling single pipes sections can be lifted with only one support point but two support points is the preferred method for safety reasons as it makes the pipes easier to control.
Nested pipes should be lifted with at least two flexible straps. For lifting of the nested pipes a padded arbor can be used. Optional where pulling procedure is not possible the pipes can be pushed from the nesting as well.

Hooks should not be used to lift fittings which are generally supplied in cardboard boxes or polyethylene bags.

1.8.3 Storage at Depot

All pipe stacks should be made on sufficiently firm, leveled ground and to support the weight of the pipes and any necessary lifting equipment.  When storing pipes directly on the ground, the area should be relatively flat and free from rocks and other potentially damaging debris. Stacking heights shall be kept to a minimum and without exceeding the manufacturer’s recommendation and adequate space allocated for lifting machinery to maneuver (more carefully and often with difficulty) without causing accidental damage. 
On site pipes should not be stacked higher than 2 meters to prevent accidents. Place wedges and chocks between the layers to keep them stable.
Care should also be taken to avoid contact with solvents and other aggressive chemicals. If stacked at a later date (see Table 1), the height depends on the soil conditions, local handling equipment and safety features. Wooden chocks should be inserted under the first layer to prevent the pipes from becoming covered in mud during rainfall or freezing to the ground. 
Table 1: STORAGE OF PIPES
	Diameter DN
	Number of pipe layers

	150 - 200
	8

	250
	7

	300, 350
	6

	400
	5

	500
	4

	600, 700
	3

	800 - 1200
	2

	> 1400
	1


1.9
Manufacturer's Certificate

The Contractor shall supply to the Engineer a certificate stating that each item supplied has been subjected to the tests laid down herein and conforms in all respects to this Specification or such other Specification which has been submitted to and approved by the Engineer.

1.10
Quality and Workmanship

The Bidder shall provide ISO 9001 : 2015 Quality Management System requirement certificate for Quality Assurance for the goods manufacturing factory from an accredited agency for all pipes, fittings and accessories. Accredited Agency shall be a member of International Accredited Forum (IAF) and shall have the authority for the accreditation of mentioned goods in their scope of accreditation.  Scope of the production shall be clearly specified in the certificate. Manufacturer shall maintain the validity of this certificate during the supply and delivery of the materials for contract Period. If the supply is made from several factories, ISO 9001 : 2015 certificates for quality management system requirement shall be submitted for each factory. This certificate shall clearly indicate the location of the place of manufacture of pipes, fittings and accessories, etc.

.

1.10.1 Production Quality Control
Pipe performance shall be checked during production. 
For all ordered pipe dimensions
· the initial specific ring stiffness, 
· the resistance to failure in a deflected condition and 
· the initial specific longitudinal tensile strength 
shall be assessed on at least 1 % of the production of all ordered nominal sizes According to test methods defined in ISO 10467:2018.
For initial design and failure pressures for pressure pipes shall be assessed on at least 1 % of the production of all ordered nominal sizes according to test methods defined in 10467:2018.
1.10.1.1 Initial specific ring stiffness

The initial specific ring stiffness,” S0” shall be determined using methods given in ISO 7685:1998/EN 1228:1997. 
The determined value of initial specific ring stiffness shall not be less than the applicable value of S0,min, in TABLE 2.

TABLE 2
Minimum initial specific ring stiffness values (ISO 10467:2018)
	Nominal stiffness(SN)a
	S0,min b

	500
	500

	630
	630

	1000
	1 000

	1250
	1 250

	2000
	2 000

	2500
	2 500

	4000
	4 000

	5000
	5 000

	8000
	8 000

	10000
	10 000


1.10.1.2  Initial resistance to failure in a deflected condition

The initial resistance to failure in a deflected condition shall be determined using a method given in ISO 10466:1997/EN1226:1996. 

1.10.1.3  Initial specific longitudinal tensile strength

The initial specific longitudinal tensile strength shall be determined in accordance with method A or method B of ISO 8513:2016/EN 1393:1997. 

1.10.1.4  Initial design and failure pressure for pressure pipes

For pressure pipes having a greater size than DN 500 the initial design and failure pressure shall be determined in accordance with one of the methods A to F of ISO 8521:2009/EN 1394:1997. 
1.10.2
Quality Assurance (Q/A) at Manufacturer’s Works

The manufacturer shall operate a quality assurance scheme complying with ISO 9001:2015 and on award of order shall submit a copy of his quality assurance guidelines, as issued to his production works sections. Material Quality Certificate shall be from one of the Independent Testing Agencies, which is indicated in the Condition of Contract, shall be provided by the contractor. This shall include the following items, detailing the frequency of quality assurance checking. 

a. Raw Materials

i.     Vetting and recording of certificates provided by the raw material manufacturer (S).

ii.         Chemical testing of raw material and frequency of tests.


   b.
Pipe Manufacture (for each pipe diameter)

i.        Checking of extrusion compound temperature at the extruder (state the temperature) and state its consequence on quality.

ii. Temperature of water bath/sprayed water cooling system on

               extruded pipe.    

iii.         Maintenance of pull force on extruded pipe.


i. Procedure for resumption of production after an interruption on the production line (e.g. power failures, change of pipe production batches, etc.)

ii.      Hourly production records.

iii. Frequency of calibration of testing equipments

iv. Inspection of stock yards (visually) and packing methods.

2.0
Technical REQUIREMENTS FOR GRP PIPES, FITTINGS, SPECIALS AND ACCESSORIES
2.1     
Scope

This specification covers GRP pipes and associated fittings for the use of wastewater/sewerage applications
2.2
Reference Standards

The following Standards of the latest issues in effect form part of this Technical Specifications to the extent specified herein:


ISO 10467:2018
Plastics piping systems for pressure and non-pressure drainage and sewerage — Glass-reinforced thermosetting plastics (GRP) systems based on unsaturated polyester (UP) resin
     


BS EN 14364:2013
Plastics piping systems for drainage and sewerage with or without pressure - Glass-reinforced thermosetting plastics (GRP) based on unsaturated polyester resin (UP)-specifications for pipes, fittings and joints

BS EN 1796:2013
Plastics piping systems for water supply with or without pressure. Glass-reinforced thermosetting plastics (GRP) based on unsaturated polyester resin (UP)

2.2
Definitions

The definitions given in the relevant standards which are referred to in the specification, shall apply for the terms used in this specification.

2.4
Materials

2.4.1
General

The pipe shall be produced using chopped  and/or continuous glass filaments, strands or rovings, mats or fabric, synthetic veils and polyester resins with or without fillers and if applicable additives necessary to impart specific properties to the resins. The pipe and fitting may also incorporate aggregates and if required, a thermoplastic liner.

For all raw materials used the supplier must have a detailed test program and specifications to be certified by an independent authorized certification institution. All the materials shall be in accordance with BS EN 14364:2013/ ISO 10467:2018
2.4.2
Resin Systems

The manufacturer shall use only unsaturated polyester resin systems with a proven history of performance in this particular application. The historical data shall have been acquired from a composite material of similar construction and composition as the proposed product.
The resin used in the structural layers shall have a temperature of deflection of at least 70° C when tested in accordance with method A of ISO 75 – 2: 2013.

2.4.3
Reinforcements
The glass used for the manufacture of the reinforcement shall be one of the following types :
a) type E, comprising primarily either oxides of silicon, aluinium and calcium(alumino-calcosilicate glass) or silicon, aluminium and boron (alumino-borosilicate glass)
b) type C, comprising primarily oxide of silicon, sodium, potassium, calcium and boron (alkali-metal calcium glass with an increased boron trioxide content) which is intended for applications requiring enhanced chemical resistance.

The reinforcement shall be made from continuously drawn filaments of type E or type C glass, and shall have a surface finish compatible with the resins to be used. It may be used in any form, e,g as continuous or chopped filaments, strands or rovings, mat of fabric. Surface mats or veils of synthetic (organic) fibers may be used on the surfaces of the components.
2.4.4
Aggregates and fillers 
Generally, it is possible to mix unsaturated polyester resins with various filling materials of natural or artificial origin. These filler materials are used to achieve certain mechanical properties (stiffness).
The size of particles in aggregates and fillers shall not exceed 1/5 of the total wall thickness of the pipe or fitting or 2.5 mm, whichever is the smaller.
2.4.5
Thermoplastic liners

When using a thermoplastic liner that requires a bonding material, care shall be taken to ensure that bonding material is compatible with all other materials used in the manufacturing process 
2.4.6
Elastomers
The elastomeric material(s) of the seal shall confirm to the applicable part of EN 681-1:1996 or, if available , a similar national standard that is acceptable to both the purchaser and supplier.
2.4.7
Metals

Metallic components may be used in the system.
2.5

Manufacture


Manufacture pipe by the centrifugal casting process to result in a dense, non-porous, corrosion-resistant, consistent composite structure. No exterior pipe color required. The outer and inner protective layers shall be a minimum of 0.5 respectively 1 mm thick. The resin-rich inner layer shall not contain any filling and reinforcing materials (except pigments and aggregates). The inner protective layer does not affect the pipe’s structural behavior (e.g. stiffness) to any great extent (< 5% of the actual stiffness Due to low hydraulic friction it reduces incrustation and deposits, and displays adequate chemical resistance. The outer protective layer contains resin as well as filling and reinforcing materials (no fiber reinforcement) and is designed to protect the pipe’s structural layer from external impact (weather, mechanical damage, exposure to UV and chemicals).
2.5.1
Production quality Control 

The manufacture of GRP pipe is a continuous processing which necessitates strict and accurate control of both materials and plant to achieve the required quality. A range of quality control test in the relevant standards should be applied within the scope of a quality assurance in accordance with BS EN ISO 9001:2015. 

2.6 

Wall construction

2.6.1
Inner protective layer


The inner layer shall comprise one of the following:
a) a thermosetting resin layer with or without aggregates or fillers and with or without reinforcement of glass or synthetic filaments;

b) a thermoplastic liner.

The thermoplastic liner may require a bonding material compatible with all other materials used in the pipe construction.
2.6.2
Structural layer

The structural layers shall consist of glass fiber reinforcement and a thermosetting resin, with or without aggregates or fillers.
2.6.3
Outer protective layer


The design of the outer layer of the pipe shall take into account the environment in which the pipe is to be used. This layer shall be formed of a thermosetting resin with or without aggregates or fillers and with or without a reinforcement of glass or synthetic filaments.

The use of special constructions is permitted when the pipe is expected to be exposed to extreme climatic, environmental or ground conditions, for example provision for the inclusion of pigments or inhibitors for extreme climatic conditions or fire retardation.
2.7 

Couplings

The pipe shall be field connected with fiberglass sleeve couplings that utilize elastomeric sealing gaskets made of EPDM rubber compound as the sole means to maintain joint water tightness. The rubber has to be in compliance with the requirements of  EN 681 – 1:1996. The joints must meet the performance requirements of ISO 8639:2016. 

There shall be no leakage on the joints even when the pipes are deflected and subjected to applied lateral loading, internal or external hydrostatic pressure.

2.8

Fittings

Flanges, elbows, reducers, tees, wyes, laterals and other fittings shall be capable of withstanding all operating conditions when installed. They shall be contact molded or manufactured from mitered sections of pipe joined by glass-fiber-reinforced overlays. Properly protected standard ductile iron fittings may also be used. 

2.9

Mechanical Requirements


Below requirements have to be met for the initial type test.

a) Abrasion properties of pipes for initial type test (ITT)
The abrasion behavior shall be tested according to CEN/TR 15729. The resin rich inner layer shall not be completely worn away after 200,000 cycles. No glass fibers shall be exposed. Abrasion resistance shall be approved by a Certificate of an independent certification body or authority e.g. TÜV.

b) Cyclic inner pressure test (ITT)

The test pipes and fittings shall not fail when subjected to hydrostatic pressure varying between 0.75 x PN and 1.25 x PN for at least 106 pressure cycles. It is deemed to have failed if there is any mechanical damage or water leakage e.g. weeping (droplets on the surface). The test shall be done according to ISO 15306:2003.
  
2.10     Final Acceptance at site

All pipes, fittings, valves and accessories shall conform to the specification at site. Engineer shall carryout necessary inspections at site prior to final acceptance.
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