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FOREWORD

This five part Document Suite has been developed by a consortium of Offshore Design Engineering Ltd
and AEA Technology on behall of and under the guidance of the Fibre Reinforced Plastic (FRP)
Workgroup of the United Kingdom Offshore Operators Association {(UKOOA).

The objective of this Document Suite is 1o provide the offshore oil and gas industry and the supporting
engineering and manufacturing industry with mutually agreed specifications and recommended practices
for the design, purchase, manufacturing, qualification testing, handling, storage, installation,
commissioning and operation of glass reinforced plastic (GRP) piping systems offshore.

At ODE, the Project Manager for the work was Mr. P. Wright and at AEA Technology, Dr. G. Eckold. The
UKOOA steering group comprised Mr. C. J. Houghton (Phillips Petroleum Company UK Ltd), Mr. J. D.
Winkel (Phillips Petroleum Company, Norway), Dr. R A Connell and Mr. J. Milnes (Shell UK Exploration &
Production), Dr. P. A. C. Mediicott (BP Research), Mr. . Wattie and Mr. G. Walker (Conoco UK Ltd).

In addition an Industrial Advisory Group was formed comprising manufacturers, engineering design and
fabrication companies, recognised specialists, the Certifying Authorities and the Healith and Safety
Executive, who met with ODE/AEA and UKOOA on three occasions during the project phase and
reviewed the documents during their development.

This group compnsed:
Mr. M. Bishcpp Health and Safety Executive
Mr. P. Endresen Norwegian Petroleurn Directorate
Mr. P. Tindal! Lioyds Register
Mr. A. Fredriksen Det Norske Veritas (Norway)
Mr. A, Gedik Offshore Certification Bureau
Mr. M. Camilleri American Bureau of Shipping
Mr. E. Djoko Bureau Veritas {France)
Mr. P. Tolhoek Ameron (Holland)
Mr. A. M. May A. O, Smith (U.S.A))
Mr. M. Cargnelutti Sarplast/Vetroresina (Haly)
Mr. K. Rookus Wavin Repox (Holland)
Mr. L. J. Rothe Aker GRP Senter (Norway)
Mr. J. A. Hamilton Balimoral Group
Mr. B. D. Gray Plastics Design
Mr. T. W. Moe AMAT (Norway)
Mr. J. E. G. Attard Foster - Wheeler
Mr. M. Bellamy SLP Engineering
Professor G. Gibson University of Newcastle
Mr. F. Vidouse Elf Aquitaine (France)
Mr. J. H. Jenssen Conoco (Norway)
Mr. W. Cole Amoco (U.S.A.)
Mr. E. Provost S. 1. P. M. {Holland)
Mr. G. C. Grim Shell Seatex
Mr. R. Stokke S. |. (Norway)

It is the intention of the UKOOA FRP Workgroup that this Document Suite is adopted by the International
Standards Organisation {(ISO) to facilitate its widest use in industry and so that new developments in
materials, testing and experience in the use of glass reinforced plastic piping, can be accommodated
through future revisions.

Every resonable effort has been made to ensure that this publication is based on the best knowledge
available up to the time of finalising the text. However, no responsibility of any kind for any injury, delay,
loss or damage can be accepted by ODE, AEA, UKOOQA or others involved in its publication.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form or by any means, electronic, mechanical, photocopying, recording or otherwise,
wihtout prior permission of the publishers.
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1 INTRODUCTION

1.1 DOCUMENTATION SCHEME FOR THE USE OF GRP OFFSHORE

This Document Suite of Specifications and Recommended Practice for the use of GRP piping offshore
forms part of Tier 2 of a three tier documentation scheme proposed by UKOOA to faciltate the use of
GRP offshore (reference Figure 1).

The Document Suite adopts a performance-based approach to address functional criteria and allow the
safe and cost-effective use of GRP piping offshore. The Document Suite should be used in
conjunction with the "Guidance " which identifies the issues which need to be considered. The
Document Suite is specific to the use of glass reinforced thermoset plastic resins. Other types of fibre
reinforcement (FRP) are not addressed.

[ MATERIAL APPLICATION 1
Application 1 [ Application 2 [ Application 3

GUIDANCE

iy G GRP Piping Document Suite
FER ) F e e e E
A— —

GN Guidance
KEY |PP Project Phase

ST Standard Test

Figure 1 - The 3 Tier/Multi-Application Documentation Scheme

Tier 1 consists of a single document; Guidance. This document is essentially philosophical in nature and
identifies the issues that must be considered in using GRAP offshore. The document provides an ovetview
of potentia! applications of GRP, including piping. 1t is principally an outline document and refers to the
underlying Tier 2 docurmnents for more detailed guidance and specifications on the particular applications.

Tier 2 consists of sets of documents, each relating to a particular application {(e.g. piping as in this
Document Suite). These documents specify the relevant performance requirements for each application
and provide guidance on how to achieve that performance. The specifications are ‘performance-based'

rather than prescriptive, and address each stage of the project. Performance-based specifications are
discussed in section 1.5.

Tier 3 typically consists of specific standards and test methods, published by national and international
bodies, .g. ASTM, BS, DIN, I1SO etc. These documents define standard test procedures for physical
features such as mechanical properties etc. but do not normally include specific performance
requirements. Current ASTM, BS, ISO etc. standards already exist to cover most of these aspects. in
some specialist applications, e.g. jet fire test procedures, standards are stili under development.
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12 DOCUMENT SUITE USERS

The Document Suite is intended for use by all suitably qualified panies involved in the procurement,
design, manufacture, installation and operation of GRP piping systems. Typical parties will include:

- operators;

- manufacturers;

- design engineers;

- fabricators and installation contractors;

- inspection, repair and maintenance contractors:
- Certifying Authorities and Government Agencies.

Each part, with the exception of Part 1, has been targeted at one or more of these parties. Part 1 has
been written as a general introduction and is therefore relevant to all parties,

13 DOCUMENT SUITE PURPOSE

The Document Suite is intended, along with relevant Tier 3 documents, 1o form the basis of specifications
for design, purchase, installation and maintenance of GRP piping systems.

14 DOCUMENT SUITE LAYOUT

This Documnent Suite of Specifications and Recommended Practice for the use of GRP Piping Offshore is
divided inlo five parts. It is intended that the parts, with the exception of Part 1, foliow the individual
phases in the life cycle of a GRP piping system, i.e. from design through manufacture to operation. Each
part is therefore aimed at the relevant parties involved in that particular phase.

Each part may be considered as a separate document (with main users as outlined below), requiring little
or no reference by the user to the other parts.

Part 1 (Philosophy and Scope) presents the basis of the Document Suite. It identifies the applications
that the Document Suite is intended to cover, together with anticipated end users. Additional sections
define component and GRP terminology as well as defining standard abbreviations, symbols and units,
Main users will include all parties in the life cycle of a typical GRP piping sysiem. Part 1 should be used in
conjunction with the Part of specific relevance.

Part 2 (Components and Manufacture) is a purchase specification and addresses qualification
procedures, preferred dimensions, and quality assurance during manufacture. In addition, guidance on
the purchasing of components is included in the form of a standardised datasheet. Main users will be the
Principal, GRP Piping Manufacturers and Certifying Authorities,

Part 3 (System Design) contains the recommended practice for designer qualifications, structural design,
hydraulic design, detailing and fire endurance. lts objective is 1o ensure that piping systems, when
designed using the components qualified in Part 2, will meet the specified performance requirements.
Main users will be the Principal, Design Contractors, Certifying Authorities and Government Agencies.

Part 4 (Fabrication and Installation) encompasses recommended practices for inspection, on-site
handling, system testing and methods of repair. Health and Safety issues during fabrication and
installation are also covered. Its objective is to ensure that piping systems when installed will meet the

specified performance requirements. Main users will be the Principal, Fabricatiorvinstaltation Contractors
and Certitying Authorities.

Part 5 (Operation) covers the recommended practices for the following aspects of operation: guidance on
the contents of operator documentation (e.g. design assumptions, as-built drawings etc.}; inspection (e.g.
defect type, significance of defects, inspection frequency and inspection techniques); repair and
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maintenance; modifications and tie-ins to existing systems; and health/safet i i

v » TYOGT W tie-i ems, y aspects associated
repair and modification. Its objective is to ensure that piping systems will conlinuepto meet the specmgg
performance requirements throughout their life. Main users will be the Principal, IRM (Inspection, Repair
and Maintenance) Contractors, Certifying Authorities and Government Agencies. '

15 PERFORMANCE BASED MATERIAL SELECTION

This Document Suite advocates the use o ; ; .
et o o, i Tatomres Sl e S Ol PEAS
T atans (6 PBMS are: , . ot prescribe materials. The

a) identification and documentation of all performance factors refevant to the application;

by quantification of functional performance requirements;

¢) qualification of materials for technical acceptability;

d) final selection.

The above methodology provides a standardised auditable approach to material selection.
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Specmcations and Hecommended Fractices for the use of GRP Piping Offshare: Part 1 — Philosophy and Scope

2 SCOPE

21 APPLICATIONS

This Document Suite primarily defines the requirements for low to medium pressure {typically 0-40bar)
GRP piping systems with nominal diameters between 25mm and 1200mm at working temperatures
between -40°C and 95°C for non-hydrocarbon applications on Offshore Installations.
Typical applications on Offshore Installations for the use of GRP piping will include:

- service (or process) water;

- cooling medium;

- potable water:

- grey water (non hazardous waste);

- non hazardous drains;

- non hazardous vents;

- chemicals;

- firewater ringmain;

- firewater wet deluge;

- firewater dry deluge;

- produced water;

- baliast water.

it is anticipated that the Document Suite could be extended to cover other applications, diameters,
pressures and temperatures where it can be shown that safety and risk to personnel, the Faciiities and the
environment will not be compromised.
Offshore Installations are defined as non land-based, mobile, fixed or subsea units engaged in the
exploration for and production of hydrocarbons. No limit is placed on the geographic location of these
units.
Alt components that form part of a GRP piping system are covered, including:

- Ppipe;

- bends;

- reducers;

- lees;

- Suppotts;

- flanges;

- joints (including adhesives, QO-rings and gaskets).
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Specifications and Recommended Practicas tor the use of GRP Piping Oftshore: Pant 1 — Philesophy and Scope

The use of this Document Suite for marine (i.e. shipping) or land-based petrechemical applications is not
specifically excluded. However, attention is drawn to the potentially different service conditions that may
be encountered, and for other more pertinent standards which may apply, refer to section 6.

22 MATERIALS

The Document Suite covers GRP piping systems. GRP is defined in the context of this Document Suite
as thermosetting resins reinforced with glass fibres. Reinforcement will normally be E glass but other
glass fibres such as R and S glass, ECR glass and C glass may be used to provide improved
performance. Other types of fibre reinforcement (with the exception of carbon fibres used non-structurally
to improve conductivity) are not covered. Typical resins are epoxy, polyester, vinylester, methyl
methacrylate and phenolic, Thermoplastic liners are also excluded from this Document Suite.

23 MANUFACTURING METHODS

This Document Suite covers the use of GRP piping systems manufactured by the foliowing methods:
- filament winding;
- hand lay-up;
- centrifugal casting.

Other methods are not specifically excluded provided it can be demonstrated that the specified
performance criteria can still be met.
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Specifications and Recommended Practices for the yse of GRP Piping Offshare: Part 1 - Philesophy and Scope

3 REFERENCES

The following Tier 1 Guidance Notes and Tier 3 codes, standards and specifications are an integratl part of
this Document Suite.

ai TIER 1 DOCUMENTS

UKOOQA “Guidance for Fibre Reinforced Plastics Use Offshore”.

32 TIER 3 DOCUMENTS

3.21 International Organization for Standardization {1ISO)
150 7005-3 Specification for Copper Alloy and Composite Flanges.
SO 7370 Glass Fibre Reinforced Thermosetting Plastics (GRP) Pipes and Fittings - Nominal
Diameters, Specified Diameters and Standard Lengths, |
ISO 9000 8uality Management and Quality Assurance Standards, Guidelines for Selection and
se. ‘
IS0 9001 Quality Systems, Model for Quality Assurance in Design/Development, Production,

Installation and Servicing.
3.2.2 American Society for Testing and Materials (ASTM)

ASTM C 177 Test Method for Steady-State Heat Flux Measurements and Thermal Transmission
Properties by Means of the Guarded Hot Plate Apparatus.

ASTM C 581 Standard Practice for Determining Chemical Resistance of Thermosetting Resins Used
in Glass-Fibre Reinforced Structures intended for Liquid Service. .

ASTM D 257 Test Methods for Determining Chemical Resistance or Conductance of fnsulating
Materials.

ASTM D 635 Test Method of Rate of Burning and/or Extent and Time of Burning of Seff-supporting
Plastics in a Horizontal Position.

ASTM D 696 Test Method for Coefficient of Linear Thermal Expansion of Plastics.
ASTM D 1598 Test Method for Time-to-Failure of Plastic Pipe Under Constant Internal Pressure.

ASTM D 1589 Test Method for Short-Time Hydraulic Failure Pressure of Plastic Pipe, Tubing, and
Fittings.

ASTM D 2105  Test Method for Longitudinal Tensile Properties of Reinforced Thermosetting Piastic
Pipe and Resin Tube.

ASTM D 2143 Test Method for Cyclic Pressure Strength of Reinforced Thermosetting Plastic Pipe.
ASTM D 2563 Practice for Classifying Visual Defects in Glass-reinforced Plastic Laminate Parts.
ASTM D 2584 Test Method for Ignition Loss of Cured Reinforced Resins.

ASTM D 2863 Test Method for Measuring the Minimum Oxygen Concentration to Support Candie-
Like Combustion of Plastics (Oxygen Index). '
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Specifications and Recommended Practices for the use of GRP Piping Offshore: Pant 1 — Philosophy and Scope

ASTM D 2092 Practice for Obtaining Hydrostatic or Pressure Design Basis for “Fibreglass™ (Glass
Fibre Reinforced Thermosetting Resin) Pipe and Fittings.

ASTM D 3567 Practice for Determining Dimensions of “Fibreglass” (Glass Fibre Reinforced
Thermosetting Resin) Pipe and Fittings.

ASTME 84 Test Method for Surface Buming Characteristics of Building Materials.

ASTM E 162 Test Method for Surface Flammability of Materials Using a Radiant Heat Energy
Source. .

ASTM E 662 Test Method for Specific Optical Density of Smoke Generated by Solid Materials.
ASTM E 906 Test Method for Heat and Visible Smoke Release Rates for Materials and Products.
3.2.3  American Society of Mechanical Engineers (ASME/ANSI)

ANSIB 31.3 Chemical Plant and Petroleum Refinery Piping

ANS!B 165 Pipe Flanges and Flanged Fittings

3.24 British Standards Institution (BS!)

BS 476: Part 7  Method for Classification of the Surface Spread of Flame of Products.

BS 5958 Code of Practice for Control of Undesirable Static Electricity.

BS 6401 Method for Measurement, in the Laboratory, of the Specific Optical Density of Smoke
Generated by Materials.

BS 6853 Code of Practice for Fire Precautions in the Design and Construction of Raiiway
Passenger Rolling Stock.

BS 6920 Suitability of Non-metallic Products for Use in Contact with Water Intended for Human
Consumption with Regard to Their Effect on the Quality of the Water. ’

PD6503: Part 2  Guide to the Relevance of Smali Scale Tests for Measuring the Toxicity of Combustion
Products of Materiais and Composites.

3.25 Naval Engineering Standards (NES)

NES 711-2 Determination of the Smoke Index of the Products of Combustion from Smail
Specimens of Material.

3.26 International Maritime Organisation (IMO)

IMO A.653 {16) Recommendation on Improved Fire test Procedures for Surface Flammability of
Bulkhead, Ceiling and Deck Finish Materials.

3.27 international Electro-technical Commission (IEC)
{EC 332-2 Test Methods on Electric Cables Under Fire Conditions.
3.28 Deutsches Institut fiir Normung (DiN)

DIN 50049 Bescheinigungen Gber Materialprufen.
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Specifications and Recommended Practices for the use of GRP Piping Offshore: Part 1 — Philosophy and Scope

4 DEFINITIONS

41 GENERAL

For the purposes of this Document Suite, the following general definitions apply:

The Principal is the party which initiates the project and ultimately pays for its design and construction.
The Principal will generally specify the technical requirements. The Principa! is ultimately responsible for
ensuring that safety and all other issues are addressed. The Principal may also include an agent or
consultant, authorised to act for the Principal.

The Contractor is the party which carries out all or pan of the design, engineering, procurement,

construction and commissioning for a project or operation of a facility. The Principal may undertake all or
part of the duties of the Contractor,

The Manufacturer is the party which manufactures or supplies equipment to perform the duties specified
by the Contractor,

The Operator is the party which assumes ultimate responsibility for the operation and maintenance of the
piping system. The operator may or may not be the same as the Principal or Principal's agent.

The word shall indicates a requirement.
The word should indicates a recommendation.
The word may indicales a preference.

42 TECHNICAL
For the purposes of this Document Suite, the following technical definitions apply:

accelerator: A substance which, when mixed with a catalyst or a resin, will speed up the chemical
reaction between catalyst and resin.

anisotropic: Exhibiting different properties when tested along axes in different directions.

active fire protection: Method whereby fire is extinguished by application of substances such as Halon,
water, CO2, foam, stc.

carbon fibre: Fibre produced by the pyrolysis of organic precursor fibres (such as rayon, polyacrylonitrile
and pitch) in an inert environment.

centrifugal casting: Production technique for fabricating pipes in which the composite material is
positioned inside a hollow mandrel designed to be heated and rotated as the resin is cured.

collapse pressure: The external pressure differential which causes buckling collapse of a component.
component: Any pipe, prime connection or fitting covered by this specification.

CPR: Cyclic pressure rating, derived in accordance with the requirements of this specification (bar).

cure: To change imreversibly the properties of a thermosetting resin by chemical reaction, i.e.,
condensation, ring closure, or addition. Cure may be accomplished by the addition of a curing (cross-
linking) agent, with or without heat and pressure.

cure cycle: The time/temperature/pressure cycle used to cure a thermosetting resin system.

curing agent: A catalytic or reactive agent that, when added to a resin, causes polymerization. Also
called hardener. .
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Specifications and Recommended Practices for the use of GRP Piping Offshore: Part 1 - Philosophy and Scope

delamination: Separation of the layers of material in a laminate, either iocally or covering a wide area.

design external pressure: The maximum positive external pressure differential intended to be
experenced by a component during its service life.

design pressure: The maximum positive internal pressure differential intended to be experienced by a
component during its service life.

design temperature: The maximum fluid temperature for each design condition that can be reached
during that operating condition.

epoxide: Compound containing the oxirane structure: a three-member ring containing two carbon atoms
and one oxygen atom.

failure: The transmission of fiuid through the wall of a component or via a joint, resulting in rupture or
weeping.

fibre: A general term used to refer to a filamentary material with a finite length that is at least 100 times
its diameter and prepared by drawing from a molten bath, spinning or deposition on a substrate.
Filaments are usually of extreme length and very small diameter, usually less than 25 microns. Normally,

filaments are not used individually and are assembled as twisted (yarn) or untwisted (tow) bundles
comprising hundreds of filaments.

fibre reinforced plastic (FRP): A general term for a plastic based composite that is reinforced with any
type of fibre, not necessarily glass.

filament winding: A process for fabricaling a composite structure in which continuous reinforcements
(filament, wire, yam, tape, or other), are either previously impregnated with a matrix material or
impregnated during the winding.

fire endurance: Ability to maintain functional performance in a fire.

fire reaction properties: Material properties which contribute to spread of fire and smoke/toxic
€emissons.

fitting: A generic name for a component of any type other than pipe.
flame retardants: Certain chemicals that are used to reduce or eliminate the tendency of a resin to burn.
flanges: Face flanges with bolt circle and face dimensions as per ANSI B16.5.

froe ends: A pressure testing arrangement using pipe end closures of a type such that internal pressure

produces longitudinal, as well as hoop and radial, stresses in the component wall (also termed
unrestrained ends).

furnace test: A test in a compartment furnace where the time-temperature curve to be followed is to a
defined standard.

gel coat: A quick-setting resin applied to the surface of a mould and gelled before lay-up. The gel coat
becomes an integral part of the finished laminate, and is usually used to provide specific service
characteristics (see liner).

glass fibre reinforced plastic (GRP): A thermosetting plastic based composite that is reinforced with
glass fibres.
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_ Specifications and Recommended Practices for the use of GRP Piping Offshore: Part 1 — Philosophy and Scope

glass transition temperature (Tg): The glass transition temperature of an amorphous polymer is the
temperature at which the polymer undergoes a marked change in properties on cooling from the melt.
This observed change in properties is associated with the virtual cessation of local molecular motion in the
polymer. Below their glass-transition temperature, amorphous polymers have many of the properties

associated with ordinary inorganic glasses whilst above this temperature the polymers possess rubbery
characteristics.

hardener: A substance or mixture added to a plastic composition 1o promote or control the curing action
by taking part in it.

heat distortion point: The temperature at which a standard test bar defiects a specified amount under a
stated load. Now called Deflection Temperature.

heat flux: The quantity of heat per unit area.
hydrocarbon fire: A fire caused by a pool of hydrocarbon liquid igniting.
impregnate: In reinforced plastics, the saturation of the reinforcement with a resin.

intumescent: Passive fire protection coating which in the presence of fire expands, to create an inert
'char layer is referred to as intumescent.

jet fire: A turbulent diffusion flame resulting from the combustion of a fuel continuously released with
some signiticant momentum in a particular range of directions.

laminae: Thin sheets of woven fibres built up into a flat or curved arrangement.

to laminate: Uniting laminae with a bonding material, usually with pressure and heat (normally used with
reference to flat sheets, but can also refer 1o tubes). A product made by such bonding is referred to as a
laminate.

liner: In a filament-wound component, the continuous resin rich coating on the inside surface, used to
protect the laminate from chemical attack or to prevent leakage under stress.

LTHP: Long term hydrostatic (estimated failure) pressure (bar gauge) of a component vatiant determined
in accordance with ASTM D 2992, with free ends, at 65°C or higher.

LTHS: Long term hydrostatic (estimated failure) strength (hoop stress MPa) of a pipe determined in
accordance with ASTM D 2992, with free ends, at 65°C or higher.

mandrel: The core tool around which resin-impregnated reinforcement is wound to form pipes and
structural shell shapes.

matrix: The essentially homogeneous resin or polymer material in which the fibre system is imbedded in
a laminar arrangement. Thermoplastic and thermoset resins may be used; as well as metals, ceramics
and glasses.

mechanical joint: A joint between GRP piping components not made by bonding. Typically involves use
of proprietary devices,

nominal diameter: A numerical designation of size which is common to all components in a piping
system other than components designated by outside diameters or by thread size. It is a convenient
round number for reference purposes and is only loosely related to manufacturing dimensions.

ovality: The irregularity of the circular section of a component, quantified by the difference in the largest
and smallest cross-sectional axes.

passive fire protection: Method whereby fire damage is minimised by use of sacrificial or non-
combustible coatings.
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Specitications and Recommended Practices for the use of GRP Piping Offshore: Part 1 - Philosophy and Scope

performance standards: Defined limits placed on characteristics of materials, products, or services.
pipe supports: Consist of fixtures and structural attachments as follows:

a. fixtures - fixtures include elements which transfer the load from the pipe or structural attachment to the
supporting structure or eguipment. They include hanging type fixtures, such as hanger rods, spring
hangers, sway braces, counterweights, turnbuckies, struts, chains, guides and anchors; and bearing type
fixtures, such as saddies, bases, rollers, brackets, and sliding supports.

b. structural attachments - structural attachments include elements which are bonded or moulded into the
pipe, such as clips, lugs, rings, clamps, clevises, straps and skifs.

piping: Assembiies of piping components used to convey, distribute, mix, separate, discharge, meter,
control, or restrict fluid fiows. :

piping components: Mechanical elements suitable for joining or assembly into pressure-tight fluid-
containing piping systemns. Components include pipe, fitlings, flanges, gaskets, bolting, valves, and
devices such as expansion joints, flexibie joints, pressure hoses, liquid traps, strainers and in-line
separators.

piping system: Interconnected piping subject to the same set or sets of design conditions. The piping
system also includes pipe supports, but does not include support structures.

Poisson’s Ratic: The ratio of lateral strain to the corresponding longitudinal strain below the proportional
lim#.

polyester (thermosetting): A class of resin produced by dissolving unsaturated, generally linear, alkyd
resins in & vinyl-type active monomer such as styrene, methyl styrene, or diallyl phthalate. Cure is

effected through vinyl polymerization using peroxide catalysts and promoters or heat 1o accelerate the
reaction.

proportional limit: The greatest stress which a material is capable of sustaining without deviation from
proportionality of stress and strain.

postcure: Additional elevated-temperature cure, usually without pressure, to improve final properties
and/or complete the cure, or decrease the percentage of volatiles in the compound. In certain resins,
complete cure and ultimate mechanical properlies are attained only by exposure of the cured resins to
higher temperature than those of curing. .

pot life: The length of time that a catalysed thermosetting resin system retains a viscosity low enough to
enable processing and sufficient reactivity to achieve specified properties after processing.

pressure rating: A rating for a component, relating to its long term resistance to failure when subjected
to either slatic or standardised cyclic internal pressure loading.

qualification: The process of demonstrating that a component is in accordance with the requirements of
Part 2 of this Document Suite.

rated temperature: Maximumn service temperature at which a pressure rating, qualified in accordance
with Part 2 of this Document Suite, is deemed valid.

reducers: Components that allow pipes of different sizes to be connected.

reinforcement: A strong material embedded into a matrix 1o improve its mechanical properties.
Reinforcements are usually iong fibres, whiskers, particulates, and so forth. The term should not be used
synonymously with filler.

restrained ends: A pressure testing arrangement using a pipe sealing device or mechanism such that
internal pressure produces hoop and radial stresses only in the component wall.
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roving: A number of strands, tows, or ends collected into a parallel bundle with little or no twist.
service design factor (S¢): A dimensionless factor <1 used to lower the maximum acceptable pressure

rating to take into account different uncenainties on the product behaviour or the loads that the
component has to bear. S is the inverse of a safety factor.

sizing agent: A coating on glass fibres used 10 promote bonding of glass reinforcement to resin.
SLT: Standard laboratory temperature as defined by ASTM D 618 with standard tolerance, i.e. 23 + 2°C,
SPR: Static pressure rating, derived in accordance with requirements of this specification (bar).

STHP: Short term hydrostatic (burst) pressure (bar gauge) determined in accordance with ASTM D 1599,
with free ends, at SLT.

System:  An assembly consisting of a representative range of pipes, fittings, connections, attachments,
supports and associated coatings (where required) as would be found in service.

thermoset: A plastic which, when cured by application of heat and/or chemical reaction, changes into a
substantially infusible and insoiuble material.

tow: An untwisted fibrous bundle.
tow tex: The weight of a fibrous bundle expressed in terms of mass per unit length.

type (component): Components of common function. Pipes, prime connections, Hanges, reducers, tees
and elbows are examples of different component types.

Type Testing: The exposure of a system to a fire insult to qualify the assembled system components for
a defined range of service conditions.

variant (component): Any component with a unique combination of nominal diameter, type and pressure
rating.

vinyl esters: A class of thermosetting resins containing esters of acrylic and/or methacrylic acids, many
of which have been made from epoxy resin. Cure is accomplished as with unsaturated polyesters by
copolymerization with other vinyl monomers, such as styrene,

winding angie: Angle of main reinforcement to pipe longitudinal axis; can be either positive or negative.
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5 ABBREVIATIONS

For the purposes of this Document Suite, the following abbreviations apply:

ANSI| American National Standards Institute

AP American Petroleum Institute

ASME American Society of Mechanical Engineers
ASTM American Society of Testing and Materials
BSI British Standard Institute

CPR cyclic pressure rating

Dj mean inside diameter

DIN Deutsches Institut fir Normung

DEn Department of Energy (UK.}

DsC differential scanning calorimetry

FRP fibre reinforced plastic

GRP glass reinforced plastics

IEC Intemational Electro-technical Commission
IMO International Martime Organisation

ISO International Organisation for Standardization
LCL lower confidence limit

LTHP. tong term hydrostatic pressure (cyclic)
LTHPg long term hydrostatic pressure (static)
LTHS, long term hydrostatic strength (cyclic)
LTHS g long term hydrostatic strength {static)

NDT non-destructive testing

NES Naval Engineering Standard

NPR Nominal Pressure Rating

OLF Oljeindustriens Landsforening (Norweigan equivalent of UKQOA)
ped pitch circle diameter

R inside radius

Ro outside radius

S¢ service design factor

SCF stress concentration factor

SIF stress intensification factor

SLT standard laboratory temperature

SPR static pressure rating

STHP short term hydrostatic pressure

T giass transition temperature

U?(OOA United Kingdom Cffshore Operators Association

Note:  Subscript (s) = static rating
Subscript (¢) = cyclic rating
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PART 2
COMPONENTS AND MANUFACTURE
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1 SCOPE

This part of the Document Suite of Specifications and Recommended Practices for the use of GRP Piping
Oftshore is a purchase specification. It defines requirements relevant to the qualification and
manufacture of GRP piping and fittings.

its objective is to enable the purchase of GRP companents with known and consistent properties from any
source. Main users of the document will be the Principal and the Manufacturer. It should be read in
conjunction with Part 1: "Philosophy and Scope".

The requirements apply to qualification procedures, preferred dimensions, gquality programmes,
component marking, handling, storage, transportation and documentation.
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2 QUALIFICATION PROGRAMME

The qualification programme primarily consists of standard methods for quantifying component
performance with respect to internal pressure (static or cyclic) and external pressure, with optional
metheds for quantitying potable water, static electricity and fire performance.
The quatification programme also includes testing of components in order to provide data for:

- quality control;

- systemn design.
21 PRESSURE RATING QUALIFICATION
2.1.1 General

2111 Pressure Rating Terminology

Manufacturers shall assign all components both a lower confidence limit (LCL.)} and a nominal pressure
rating (NPR).

The LCL is a value equivalent to the lower (97.5%) confidence limit of the component's LTHP. It should be
regarded as similar to metallic piping schedules. The LCL shall be calculated using the following equation:

LCL =f4 x LTHP. Equation (1)

The NPR is a nominal pressure rating {(in bar} for the component supplied by the manufacturer. The
determination of the NPR may involve the application of an empirical service factor to the LTHP {typically
0.5, reference APl 15HR). The manufacturer shall state the basis for the quoted NPR.

Part tactor f, shall be determined as the ratio of the 97.5% confidence limit of LTHP g and the mean value

of LTHP. In the absence of sufficient data to calculate the confidence limit, a default value of 0.85 shall be
used.

Part factor 1, is a factor of safety the magnitude of which is related to confidence in the pipework system,
the nature of the application and the consequences of failure.

Part factor t, accommodates non-pressure-induced axial loads and their effect on the pressure rating of
the component. Examples of such loads are, bending at supports due to selfweight of pipe and contents
and loads generated through thermal expansion of the pipe system. Manufacturers shall derive their own
value of fbased on a non-pressure axial stress of 10MPa. Full consideration shall be taken of the shape
of the allowable stress envelope.

Ratings may be either static or cyclic, i.e. LCL, or LCL. and NPR, or NPR . according o the test method
used.

The system design pressure is:

fox f3 x LCL Equation (2)

For the background to the pressure rating methodology, reference should ba made to Part 3:
"System Design".
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2.1.1.2 Testing Requirements

The pressure ratings of all components shall be verified in accordance with the requirements described in
the following sections.

The objective of the pressure rating qualification procedures is to verify the proposed pressure raling of
each component. They are intended as prototype tests and therefore need not be repeated for each
order or project. However, changes 1o any of the product characteristics detailed in section 2.1.5 shall
require re-qualification.

Components can be tested as either single units or where appropriate as assemblies made up with pipe
sections in order that the integrity of the joint, as well as that of the component body, are verified. There
shall be a pipe length of not less than three times the nominal diameter between adjacent fittings or end
closures. All qualification tests shall be conducled with unrestrained ends such that the full pressure
induced axial oad is borne by the component. All joints shall be made up in accordance with the
Manufacturer's instructions for field assembly as detailed in section 7.4.

All tests specified shall be carried out by, or witnessed and certified by independent third-party authorities
approved by the Principal.

The qualification of each component shall be documented in both a qualification report and a summary as
detailed in section 7.2.1,

2.1.1.3 Component Definitions

The definitions; product family, product family representative, product sectors, component variants
and representative products are used in order to rationalise the requirements for qualification testing,
whilst controlling the use of results beyond their limits of applicability.

A product tamily defines a range of pipes, fittings or joints with the same nominal geometry (e.g. 45° and
90° elbows) and manufactured by the same method, but with differing nominal diameters and pressure
ratings. For example, an 80mmv/30bar bend and a 500mm/10bar bend manufactured in the same way and
with the same basic geometry may belong to the same product family.

The product family representative is the component that is taken to be representative of that particular
product family.

A product sector is a sub-division of a product family that groups pipes, joints and fittings into specific
diameter and pressure ranges.

A component variant is an individual component (i.e. 80mm/30bar bend) within a particular product
sector.

The representative product for a product sector is the component variant taken to be representative of
that sector and upon which the basic qualification testing is performed.

Example product sectors and representative products are shown in Table 2.1.1.3.
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Table 2.1.1.3 - Component Selection Parameters

Component | Product Sector Representative Product
Type Diameter (mm} ] Pressure Rating (bar) | Diameler (mm) Pressure Rating {bar)
Joints & 50 to 150 Oto 40! 150 402
Fittings 150 to 300 010 40! 300 402
300 to 450 01040 450 40°
450 to 600 010407 600 402
600 to 800 01040’ 800 402
800 to 1200 Oto 401 1200 402

Note: 1. This document suite covers the use of low to mediumn (typically 5-40bar} pressure GRP
piping systems; for pressure ratings above 40bar, additional product sectors should be
defined.

2 or maximum pressure rating for product sector if lower.

2.1.1.4 Standard Service Conditions

Pressure ratings are qualified on the basis of the following assumptions:

a) the standard service life shall typically not exceed 20 years;

b) the effect of chemica! degradation from the transported medium is no more than that of
the test medium,

c) the component's maximum temperature rating shall not exceed the qualification test
temperature.

For different transported media and variations in service temperature, reference should be made to Part 3
"System Design".

212 Static Pressure Ratings

Static pressure ratings for pipes, joints and fittings, shall be qualified in accordance with sections 2.1.2.1
to 2.1.2.3. An overview of the qualification requirements for GRP joints and fittings is given in Table 2.1.2.

2121 Pipes

The LTHSs (long-term hydrostatic strength) of the representative product shall be determined. The
recommended procedure is ASTM D 2992 Procedure B.

The representative product selected shall not be less than 50mm nominal diameter.
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Table 2.1.2 - Qualification Requirements for Joints and Fittings

Options | Representative Product Component Variant
1 LCL <0.85 x(TestPressure), . ... [ LCL j
oo | LOL ] —— x (STHP
gle-ror?‘? STHP REPRESENTATIVE PRODUCT ( )CUMPUNENT VARANT

(zMediurn LCLso.asx[lﬂe_S.sﬂﬁiJ LCL S( LTHP
1000 hours

x(STHP
term) k STHP ]REPnEsemmvE PRODUCT ( )COMPONEm VARIANT
where k is derived from regression
line calculated for the product family
representative
3 See section2.1.22and 2.1.3.2 (STHP)
{Short (Qualification Option 4: LOL € Sl COMPONENT vtRUNT
term) Design Methods) Zx0.85

where Z is an empiricat factor from
Tables 2.1.2.2and 2.1.3.2

Note:  All pressures are in bar.

in addition, the STHP of the representative product shall be determined by testing 5 replicate samples in
accordance with ASTM D 1599 and shall be taken as the lower deviated (2 standard deviations) value of
the replicate samples. The STHP of any pipe variant shall be taken as the lower of two values. Testing

shall be at SLT (Standard Laboratory Temperature). Samples shall be from the same production ot as
those used in the long term test.

The LCL, of the representative product shall be calculated in accordance with either Equation (1) or (2).

R, -R? Equation (1
LCL, <f xLTHS, x10x[w} quation (1)
(forD/t<10)

LClg<fi xLTHSgx10x2x (/D) Equation (2)

(forD/1>10)

Where LCL; = lower confidence limit for static pressure in bar as defined in section 2.1.1.1
fq = statistical factor as defined in section 2.1.1.1
Ro outside radius of reinforced wall (mm)

R; inside radius of reinforced wall (mm}

t reinforced wall thickness {mm)

D = rmean diameter of reinforced wall, i.e. (2Ri +1)
LTHS, = static long-term hydrostatic strength in MPa

The L.CL, and STHP of pipe variants may be scaled using either Equation (1) or (2) as appropriate.

The qualification report for each qualified component variant shall satisfy the general requirements listed
in section 7.2.1.

As an alternative, pipe may be qualified using the short-term tests of Qualification Option 3, for joints and
fittings.
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2122 Joints and Fittings

The static pressure rating of joints and fittings shall be qualified by using one of the three following
options:

Qualification Option 1: Long-term survival tests

This option permits qualification of a Representative Product's LCL¢ based on a long-term survival test.
The test pressure is based on the regression line obtained for equivalent pipe, described in section

2.1.2.1. The objective of this procedure is to demonstrate that the Representative Product’s performance
is equal, or superior, to the equivalent pipe.

Two replicate samples of the Representative Product shall be selected at random and pressure tested
according to test method ASTM D 1598 at the rated temperature. The test duration shall be 10,000

hours. The applied pressure shall not be less than the lower confidence limit for the equivalent pipe at
10,000 hours.

In addition, the STHP of the representative product shall be determined by testing five replicate samples
in accordance with ASTM D 1599. The STHP of the Representative Product shall be taken as the lower
deviated value (two standard deviations) of the five replicate samples. Testing shall be at SLT (Standard
Laboratory Temperature). Samples shalt be from the same production lot as those used in the medium

term test, (The STHP shall also be used as the baseline value in subsequent production quality control
tests).

Component Variants shall be qualified by demonstrating that their proposed LCLg satisfy the following
criterion:

(LCLs) componenT variant < (LCLs) representamive proouct X STHP component VARIANT
STHP gepre senTaTIVE PRODUCT

The STHP of the component variant shall be the lower of two replicate samples tested at SLT in
accordance with ASTM D 1599. (The STHP shall also be used as the baseline value in subsequent
preduction quality control tests).

The component variant's rated temperature shall not exceed the rated temperature of the Representative
Product.

The qualification report for each qualified component variant shall detail the LTHP and STHP tests and
shall satisfy the reporting requirements of section 7.2.1. .

Qualification Option 2: Medium-term survival tests

This option permits qualification of a representative product's LCLg based on a medium-term survival test.
The test pressure is based on the ASTM D 2992 Procedure B regression line obtained for the product
family representative. The objective of this procedure is to demonstrate that the Representative Product's
performance is equal, or superior, to the product family representative i.e. that the slope of the regression
line for the Representative Product is not steeper than that for the Product Family Representative. The
LTHPg of the Product Family Representative shall be determined in accordance with ASTM D 2992
Procedure B.

Note: The regression line for the equivalent straight pipe may be used if it can be demonstrated that it
is at least as steep as that for the Representative Product.

Two replicate samples of the Representative Product shall be selected at random and pressure tested
according to test method ASTM D 1598 (as amended in section 2.1.2.3) at the rated temperature. The
test duration shall be 1000 hours. The applied pressure shall not be less than the predicted fower
confidence limit for the representative fitting at 1000 hours.
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In the absence of data for the product family representative a conservative gradient may be used. The test
pressure (bar gauge) shall be calcuiated, based on the proposed LTHP g as follows:

Test pressure = LTHP g x Kg

where, for epoxy systems up to 65°C, Ks= 1.25 for filament wound fittings and pipe, and K3 = 1.43 for full
or partial hand lay-up.

Note:  The 1000 hour qualification test pressure is calculated from the proposed pressure rating for the
component and corresponds to 85% of the expected ASTM D 2992 procedure B regression line
failure pressure at the test duration. Default gradients, G, of the regression line {Log(pressure or
stress) = A - G x log {hours)) are assumed to be 0.075 and 0.1 for filament wound and
hand lay-up compornients respectively.

In addition, the STHP of the representative product shall be determined by testing five replicate samples
in accordance with ASTM D 1599. The STHP of the Representative Product shall be taken as the lower
deviated (two standard deviations) value of the five replicate samples. Testing shall be at SLT (Standard
Laboratory Temperature). Samples shall be from the same production lot as those used in the medium

term test. (The STHP shall also be used as the baseline value in subsequent production quality control
tests).

Component variants shall be qualified by demonstrating that their proposed LCL satisfies the following
criterion:

(LCLs) component variant < (LCLs) representanive proouct X STHE componenT vARIANT
STHP aepreseNTATIVE PRODUCT
The STHP of the component variant shall be the lower of two replicate samples tested at SLT in

accordance with ASTM D 1599. (These values of STHP shall also be used as the baseline value in
subsequent production quality control tests).

The Component Variant's rated temperature shall not exceed the rated temperature of the Representative
Product.

The qualification report for each qualified component variant shall detail the medium term and STHP tests,
and shall satisfy the reporting requirements of section 7.2.1.

Qualification Option 3: Short-term burst tests.

This option permits qualification of a component variant's LCLs based on its STHP. Long or medium term
pressure tests are not required. The option makes a conservative estimate of LCLg based on the
component variant's measured STHP and an empirical factor, Zs. The STHP of the component vatiant
shall be the lower of two replicate samples tested at SLT in accordance with ASTM D 1589.

Note:  In this option the component variant STHP for quality control purposes (reference section 4.3.3),
shall be taken as the equivalent of the mean STHP of the Representative Product.

The pressure rating shall satisfy the following criterion:

{LCL5) componenT vaRianT S (ZSJ]'% ) COMPONENT VARIANT
s X1y

where f1 = 0.85

For epoxy systems, the value of Zg shall be taken from Table 2.1.2.2. For other resins, the Manufacturer
shall demonstrate Z values based upon long-term regression data.
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Table 2.1.2.2 - Values for empirical factor Z ¢ (epoxy systems only)

Manufacturing method Zg
Filament wound: 3
fittings and + 55° pipe

Fuil or partial hand-lay: 4
all components

The rated temperature for a component qualified by this option shall not exceed 65°C, (This temperature
limit is due to the Zg values being derived from ASTM D 2992 data). :

Qualification Option 4: Design Methods

For certain Component Variants, design calculations based on LCLs of simitar components within the
same Product Sector may be considered as an alternative to the ASTM D 1599 short term burst tests.

For bends and reducers, internal pressure generates membrane stresses only and these are amenable to
calculation.

For joints, stress systems are more compiex and scaling based on load per unit area can be misleading
as stress distributions are not uniform. A strategy by which joint designs are validated on the basis of load
per unit circurnference could be considered. For example, a joint which is qualified for 10bar service for
500mm diameter could be used for 20bar service at 250mm diameter. A similar approach could be
applied to tee joints where load per unit circumference at the junction could be used as the test eriterion.

Design methods should be checked and approved to the satisfaction of the Principal.

The qualification report for each qualified component variant shall detail the tong-term and STHP tests
and shall satisfy the reporting requirements of section 7.2 1.

2.1.2.3 Limited Cyclic Qualification Testing

The ability of components nominally qualified for static pressure ratings to also withstand limited cyclic
service shall be demonstrated by limited cyclic pressure testing their Representative Product.

The experimental basis of the testing shall be ASTM D 2143 except that the provisions of this
specification shall take precedence where their requirements differ.

In this qualification test, two replicate samples shall be tested under nominally identical pressure loadings.
It is & survivatl test hence no regression analysis is required. Testing shall be at SLT (23 + 2°C). The test
fluid may be fresh water. The results may be reported alone, or included in the qualification report but
shall in either case meet the relevant reporting requirements of ASTM D 2143 and section 7.2.1.
Wherever practicable the standard cycling rate of 25 + 2 cycles per minute as per ASTM D 2143 should
be used. Where this cannot be maintained then a slower rate is acceptable so long as the actual rate
used is monitored and recorded in the qualification test report.

Each test pressure cycle shall range between not more than 10% and not less than 150% of the NPRg.

A failure within 5000 pressure cycles is unacceptable.

213 Cyclic Pressure Ratings

Cyclic pressure ratings for pipes, joints and fittings, shall be qualified in accordance with sections 2.1.3.1
to 2.1.3.3. An overview of the qualification requirements for GRP joints and fittings is given in Table 2.1.2.
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21.3.1 Pipes

The LTHS. (long-term hydrostatic strength) of the representalive product shall be determined. The
recommended procedure is ASTM D 2992 Procedure A.

The reprasentative product selected shali not be less than 50mm nominal diameter.

In addition, the STHP of the representative product shall be determined by testing 5 replicate samples in
accordance with ASTM D 1599 and shall be taken as the lower deviated (2 standard deviations) value of
the replicate samples. The STHP of any pipe variant shall be taken as the lower of two values. Testing
shall be at SLT (Standard Laboratory Temperature). Samples shali be from the same production lot as
those used in the long term test.

The LCL; of the representative product shall be cakulated in accordance with either Equation (1) or (2).

R, ~-R} Equation 1
LCLcsf,xLTHScx10x[§:,+—R'zJ q (M)
(forD/t<10)

LCLcsfy xLTHS, x10x2xt/D Equation 2
{forD/t>10)
Where LCL; = lower confidence limit for cyclic pressure in bar as defined in section 2.1.1.1

f4 = stalistical factor as defined in section 2.1.1.1

Ro = outside radius of reinforced wall (mm)

B; = inside radius of reinforced wall (mm)

1 = reinforced wall thickness (mm)

(b} = mean diameter of reinforced wall, i.e. (2Ri + 1)

LTHS, = cyclic long-term hydrostatic strength in MPa
The LCL and STHP of pipe variants may be scaled using either Equation (1) or (2} as appropriate.

The qualification report for each qualified component variant shall satisfy the general requirermnents listed
in section 7.2.1,

As an alternative, pipe may be quaiified using the short-term tests of Qualification Optien 3 for joints and
fittings.
2.1.32 Joints and Fittings

The cyclic pressure rating of joints and fittings shall be qualified by using one of the three following
oplions:

Qualification Option 1: Long-term survival tests

This option permits qualification of a Representative Product LCL ¢ based on a long-term survival test. The
test pressure is based on the regression line obtained for equivalent pipe, described in section 2.1.3.1.
The cbjective of this proc -dure is to demonstrate that the Representative Product's periormance is equal,
or superior, to the equivalent pipe.
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Two replicate samples of the Representative Product shall be selected at random and pressure lested
according to lest method ASTM D 2143 (as amended in section 2.1.2.3) at the rated temperature. The
test duration shall be 15 x 106 cycles. The applied pressure shall not be less than the lower confidence
limit for the equivalent pipe at 15 x 108 cycles.

In addition. the STHP of the representative product shall be determined by testing five replicate samples
in accordance with ASTM D 1599. The STHP of the Representative Product shall be taken as the iower
deviated (two standard deviations) value of the five replicate samples. Testing shall be at SLT (Standard
Laboratory Temperature). Samples shall be from the same production lot as those used in the medium

term test. (The STHP shall also be used as the baseline value in subsequent production quality control
tests).

Component variants shall be qualified by demonstrating that their proposed LCL . satisfies the following
criterion;

LCL¢ componenT variant < (LCLe) representative PRopucT X STHP component vaRianT
HPrepresenTATIVE PRODUCT

The STHP of the component variant shall be the lower of two replicate samples tested at SLT in
accordance with ASTM D 1599. (The STHP shall also be used as the baseline value in subsequent
production quality control tests).

The component variant's rated temperature shall not exceed the rated temperature of the Representative
Product.

The qualification report for each qualified component variant shall detail the long term and STHP tests and
shall satisfy the reporting requirements of ASTM D 2143 and section 7.2.1.

Qualification Option 2: Medium-term survival tests

This option permits qualification of a representative product's LCL. based on a medium-term survival test.
The test pressure is based on the ASTM D 2992 Procedure A regression line obtained for the product
family representative. The objective of this procedure is to demonstrate that the Representative Product's
performance is equal to, or superior 10, the product family representative i.e. that the slope of the
regression line for the Representative Product is not steeper than that for the Product Family
Representative. The LTHP ¢ of the Product Family Representative shall be determined in accordance with
ASTM D 2992 Procedure A.

Note:  The regression line for the equivalent straight pipe may be used if it can be demonstrated that it
is at least as steep as that for the Representative Product.

Two replicate samples of the Representative Product shall be selected at random and pressure tested
according to test method ASTM D 2143 (as amended in section 2.1.2.3) at the rated temperature. The
test duration shall be 1.5 x 106 cycles. The applied pressure shall not be iess than the predicted lower
confidence limit for the representative fitting at 1.5 x 108 cycles .
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In the absence of data for the product family represen*ative a conservative gradient may be used. The test
pressure (bar gauge) shall be calculated on the proposed pressure ralings as follows:

Test pressure > LTHPg x Kg

where for epoxy systems up to 65°C, Kg = 0.8 for filament wound fittings and pipe, and Kg = 0.9 for full
or partial hand lay-up.

Note:  The 1.5 x 106 cycle qualification test pressure is calculated from the proposed pressure rating
for the component and corresponds to 85% of the expected ASTM D 2992 Procedure A
regression line failure pressure at the test duration. Default gradients, G, of the regression line

{Log(pressure or stress} = A - G x Log{cycles)) are assumed to be 0.12 and 0.15 for filament
wound and hand lay-up components respectively.

In addition, the STHP of the representative product shall be determined by testing five replicate samples
in accordance with ASTM D 1599. The STHP of the Representative Product shall be taken as the lower
deviated value (two standard deviations) of the five replicate samples. Testing shall be at SLT (Standard
Laboratory Temperature). Samples shall be from the same production lot as those used in the medium
term test. (The STHP shall also be used as the baseline value in subsequent production quality control
lesls.)

Component variants shall be qualified by demonstrating that their proposed LCL satisties the following
criterion;

{LCLc) component varant S (LCLc) pepresenTaTivE PRODUCT X STHP. compoNeNT VARMNT
REPRESENTATIVE FRODUCT
The STHP of the component variant shall be the lower of 2 replicate samples tested at SLT in accordance

with ASTM D 1599, (These values of STHP shali aiso be used as the baseline value in subsequent
production quality control tests).

The Component Variant's rated temperature shall not exceed the rated temperature of the Representative
Product.

The qualification report for each qualified component variant shall detail the medium term and STHP tests,
and shall satisfy the reporling requirements of ASTM D2143 and section 7.2.1.

Qualification Option 3: Short-term burst tests.

This option permits qualification of a component variant's LCL. based on its STHP. Long or medium term
pressure tests are not required. The option makes a conservative estimate of LCL, based on the
component variant's measured STHP and an empirical factor, Z;. The STHP of the component variant
shall be the lower of two replicate samples tested at SLT in accordance with ASTM D 1599,

Note:  In this option the component variant STHP for quality control purposes (reference section
4.3.3), shall be taken as the equivalent of the mean STHP of the Representative Product.

The pressure rating shall satisfy the following criterion:

LCLc < STHP componenT varanT
Ze xfq

where f1 = 0.85

For epoxy systems, the value of Z shall be taken from Table 2.1.3.2. For other resins the Manufacturer
shall demonstrate Z values based upon long-term regression data.
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Table 2.1.3.2 - Values for Empirical Factor Z, (epoxy systems only)

Manufacturing method Zc
Filament wound: 10

fittings and + 55° pipe

Full or partial hand-lay: 12

all components

The rated temperature for a component qualified by this option shall not exceed 65°C. (This temperature
limit is due to Z¢ values being derived from ASTM D 2992 data).

Qualification Option 4: Design Methods

For certain Component Variants, design calculations based on the lower confidence limits of similar
components within the same product sector may be considered as an alternative to the ASTM D 1599
short term burst tests.

For bends and reducers, intemal pressure generates membrane stresses only and these are amenable to
calculation.

For joints, stress systems are more complex and scaling based on load per unit area can be misleading
as stress distributions are not uniform. A strategy by which joint designs were validated on the basis of
toad per unit circumference could be considered. For example, a joint which is qualified for 10bar service
for 500mm diameter could be used for 20bar service at 250mm diameter. A similar approach could be
applied to tee joints where load per unit circumference at the junction could be used as the tes! criterion.

Design methods should be checked and approved to the satisfaction of the Principal.

The qualification report for each qualified component variant shall detail the long term and short term
hydrostatic pressure tests and shall satisfy the reporting requirements of ASTM D 2143 and section 7.2.1.

2.1.4 External Pressure/Vacuum Resistance

Each component's collapse pressure shall either be measured in accordance with ASTM D 2924 at the
maximum rated temperalure, or predicted {for buckling failure) in accordance with the method described in
Part 3: "System Design". :

215 Requalification

Changes to a component as defined by Table 2.1.5 shall invalidate the component's previous
qualification,
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Table 2.1.5 - Changes in Component Design Requiring Requalification

Minor change Major change

Reinforcement filament diameter
tow tex
reinforcement finish (sizing)
reinforcement manufacture
process
| reinforcement composition
Resin and Adhesive curing system resin/adhesive type
curing temperature
curing schedule

Internal Surface composition
curing scheduleftemperature
| thickness
Design geometry, dimensions
winding angle (>+4.5°)
reinforcement weight

weight fraction (>+3%)

Modified component variants shall be individually requalified in accordance with the requirements of
sections 2.1.2 and 2.1.3.

However, where a minor change as defined by Tabie 2.1.5 has been made systematically to all previously
qualified component variants of a particular type in a Product Sector, then the qualification of those
variants may be group-revalidated by requalifying the representative product (i.e. of that type and product
sector) in accordance with sections 2.1.2 and 2.1.3. The qualification reports and summaries of each
such revalidated variant shall be amended to include reference to this revalidation and details both of the
changes made and the revised manufacturing procedure used for its production.

For major changes as defined in Table 2.1.5 and all other changes, which will affect the performance of
the component, the modified component shall be deemed to be a new product and it shall be qualified in
accordance with sections 2.1.2 and 2.1.3. Group qualification shall not be acceptable.

246 Component Data for Production Quality Control Baselines

The following additional information shall be generated for each component variant used in the
qualification programme in order to establish baseline values for the production quality control
programme.

2161 Degree of Cure

The degree of cure shall be determined by differential scanning calorimetry (DSC) in accordance with
Annex C.

Where the LCL of a component variant is derived from testing at temperatures other than SLT, the degree
of cure shall be determined on a component variant from the same production lot as the tested
component variant.
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2.16.2 Glass Content

The percentage of fibreglass reinforcement shall be determined in accordance with ASTM D 2584. Three
sampies shall be taken from three locations situated 120° apart in the same component cross section.

217 Minimum Thickness

In order to provide sufficient robustness, the minimum reinforced wall thickness of all components shoutd
be not less than 3mm:.

218  Key Component Dimensions
The following dimensions shall be determined in accordance with ASTM D 3567:
- D
- Ob;
~  weight;
- total wall thickness;

- rainforced wall thickness.
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22 OPTIONAL QUALIFICATION REQUIREMENTS

In addition 10 the gualification requirements of section 2.1, components shall also be qualified for the
following requirements when specified by the Principal.

2.21 Potable Water Certification

Where potable water certification is specified, pipe, fittings, O-rings, gaskets and adhesives should be
tested and certified as suitable in accordance with BS 6920. Alternative centification {e.g. BRL-K 532 from
KIWA} may be allowed, subject to agreement with the Principal.

Piping shall also carry official approval as required by the national health or certifying authorities in the
country of use.

222 Static Electricity

Where conduclive components are specified, the resistivity shall be tested in accordance with ASTM D
257.

All component variants shall be tested and shali have an electrical surface and volume resistivity of not
more than 105 ohms and 103 ohm.metre respectively.

The (measured) resistivity shall be effective over the design life and shall not be impaired by norma!
service, handling or installation.

2.2.3 Impact Resistance

Impact resistance shall be assessed if required by tests agreed between the Principal and the
Manufacturer. For further details, reference should be made to Part 3: *System Design".

224 Low Temparature

Where appropriate, low temperature mechanical properties shall be determined by tests agreed by the
Principal and the Manufacturer.

225 Chemical Resistance

Where appropriate, chemical resistance shall be determined by tests agreed between the Principal and
the Manutacturer.
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23 FIRE PERFORMANCE
2.3.1 Pipe System Fire Classification Code (Type Test Envelopes)

The pipe system fire classification code provides a means of defining the required fire performance of a
pipe system in terms of service conditions and severity of fire threat. :

The following is a proposal for such a fire coding system. Note that it has still to be agreed by the
appropriate authorities and organisations and is subject to further revision. It is included tor

guidance purposes and the user of this document should check the availability of an updated and
endorsed version.

The Fire Classification Code is designated by a five field number: A.B.Chox<(D.E)
where service function A, fire type B and performance C/xxx, D and E are assigned prescribed levels in
decreasing order of severity representative of offshore requirements. The minimum standard {default
value 9) is indicative of either unlimited or unquantified performance. A value 0 for a particular
performance category C, D or E is indicative of the non-availability of fire test data.

A = Service
= 1 hydrocarbon
=2 empty
= 3 critical flowing water initially empty for minimum of 1 minute
= 4 critical flowing water initially stagnant for minimum of 1 minute
= 5 critical flowing water
= 6 other, eg chemical
= 9 other non critical water based service
B = Fire Type
= 1 full scale jet fire
= 2 medium scale jet fire
= 3 hydrocarbon fire (NPD curve)
= 4 hydrocarbon fire mitigated by cooling etfects of firewater deluge
= 5 cellulosic fire
= 6 cellulosic fire mitigated by cooling effects of firewater sprinkler system
= 9 other less severe fire exposure
Choox = Endurance (degree of integrity and endurance time in minutes)
(o] =1 no exchange of media between inside and outside of pipe permitted

= 2 function maintained, fluid exchange/loss limited and quentified
= 3 function maintained, fluid exchange/loss limited but unquantified
= 4 maintain integrity but fluid exchange/loss unlimited
= 9 endurance not quantified or required
= 0 no test data available
hox = /020 endurance greater than 20 minutes
= /060 endurance greater than 60 minutes
= 1120 endurance greater than 120 minutes
= 1180 endurance greater than 3 hours etc.

D = Fire Reaction: Spread of Fire and Heat Release
=1 no spread of fire permitted
= 2 spread of fire is limited (SOLAS class 1)
= 3 spread of fire is limited (SOLAS class 3)
= 4 spread of fire is limited (SOLAS class 3)
= 9 spread of fire unlimited or not quantified
= 0 no test data available
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E = Fire Reaction: Smoke and Toxicity
= 1 representative of needs within a safe area
= 2 levels mus! not exceed 10 minute amergency exposure level
= 3 levels must be acceptable within evacuation time
= 4 levels are limited
= 9 levels unlimited or not quantified
= 0 no test data available

232 Fire Test Procedures

This section describes the procedures and major performance factors that should be addressed when
designing a "type test" programme to prove the fire and blast performance of GRP piping systems. It is
recommended that all tests are recorded on video tape where practicable.

With respect to pipe diameter, consideration should be given 1o qualifying a range of diameters. However
meodification to any of the following key parameters shall require requalification of the system.

Generic fibre type

Generic resin type.

Decrease in wall thickness.

Roving angle change.

Change in fibre volume fraction.

Change in fire protection applied or a change in retardant additives.
Uprating of design pressure.

Change of joint design.

N AWM

2.3.2.1 Manufacturer and System identification

Any testing performed must include the full description of the manufacturer's name and unique product
code, including any details of fire protection applied.

2322 System Tests
Blast Resistance Testing

Where blast testing is considered necessary the blas! should be simulated by deflecting the test system io
a degree determined from calculation. The minimum blast overpressure is 0.3 bar and the test should
include any further deflection cycles which would occur until the oscillations were damped down. The
allowable blast overpressure shall be related o the support spacing.

Hydrocatbon Fire Testing

This document adopts the hydrocarbon fire curve (Figure 2.3.2.2) accepted by the HSE and the NPD and
shows a comparison of the hydrocarbon and cellulosic fire curves. The system under test should be
exposed to these conditions in such a way that the flames or